MFC2000

personal imaging products

Multifunctional Peripheral Controller 2000

Hardware Description

Doc. No. 100723A
June 21, 2000




Ordering Information

Marketing Name Device Set Order No.
Part No. Package Part No. Package
MFC2000 XXX-XXX-XXX XXXXX
Revision History
Revision Date Comments
A 04/07/00 Initial, internal, preliminary release of document.
A 06/21/00 Second internal, preliminary release with revisions tracked.

© 2000, Conexant Systems, Inc. All Rights Reserved.

Information in this document is provided in connection with Conexant Systems, Inc. ("Conexant") products. These materials are provided by
Conexant as a service to its customers and may be used for informational purposes only. Conexant assumes no responsibility for errors or
omissions in these materials. Conexant may make changes to specifications and product descriptions at any time, without notice. Conexant
makes no commitment to update the information contained herein. Conexant shall have no responsibility whatsoever for conflicts or
incompatibilities arising from future changes to its specifications and product descriptions.

No license, express or implied, by estoppel or otherwise, to any intellectual property rights is granted by this document. Except as provided in
Conexant’s Terms and Conditions of Sale for such products, Conexant assumes no liability whatsoever.

THESE MATERIALS ARE PROVIDED "AS IS" WITHOUT WARRANTY OF ANY KIND, EITHER EXPRESS OR IMPLIED, RELATING TO
SALE AND/OR USE OF CONEXANT PRODUCTS INCLUDING LIABILITY OR WARRANTIES RELATING TO FITNESS FOR A
PARTICULAR PURPOSE, MERCHANTABILITY, OR INFRINGEMENT OF ANY PATENT, COPYRIGHT OR OTHER INTELLECTUAL
PROPERTY RIGHT. Conexant further does not warrant the accuracy or completeness of the information, text, graphics or other items
contained within these materials. Conexant shall not be liable for any special, indirect, incidental, or consequential damages, including without
limitation, lost revenues or lost profits, which may result from the use of these materials.

Conexant products are not intended for use in medical, life saving or life sustaining applications. Conexant customers using or selling
Conexant products for use in such applications do so at their own risk and agree to fully indemnify Conexant for any damages resulting from
such improper use or sale.

The following are trademarks of Conexant Systems, Inc.: Conexant, the Conexant C symbol, “What's Next in Communications Technologies”,
and SmartDAA. Product names or services listed in this publication are for identification purposes only, and may be trademarks of third
parties. Third-party brands and names are the property of their respective owners.

Reader Response: Conexant strives to produce quality documentation and welcomes your feedback. Please send comments
and suggestions to conexant.tech.pubs@conexant.com. For technical questions, contact your local Conexant sales office or
field applications engineer.

ii Conexant 100723A



Contents

INTRODUGCTION ..ottt e e e e e e e e s s e s e e e e e e e s s s s s bbb e et e e e e s s s bbb e e e a e e e e s naes 1-1
L.1 SCOPKE ..o e e s e e e e e e e e e e e s e 1-1
1.2 SYSTEM OVERVIEW ... ..ottt e e e e s s s e e e e s s e s are e e e es 1-1
1.3 REFERENCE DOCUMENTATION ....eetiiiiiiiitie ettt e st e e e s s s e e e e e s s snn i neeeeeeas 1-5
MFEC2000 SUMMARY ...t e e e e e e e e e s s s bbb et r e e s e s s s bbb e e e a e e e e 2-1
2.1 MFC2000 DEVICE FAMILY ..ottt ettt e e e st e e e e e s s s s re e e es 2-1
2.2 MFC2000 SYSTEM BLOCK DIAGRAM ..ottt ettt e e e e e s e e es 2-1
HARDWARE INTERFACE........c o 3-1
3.1 PIN DESCRIPTION L.ttt ettt et e e s et r e e e s s s b e et e e e e s s s are e e e s 3-1
3.2 MAXIMUM RATINGS ...ttt e ettt e e e s e ettt e e e 4 e s bbb e et et e e e aa b s b e e e e e e e s e annrrreeeeeas 3-7
3.3 ELECTRICAL CHARACTERISTICS ..ot 3-8
I e L I 4 @ 16 PSP P PP PPPPTPPON 3-10
CPU AND BUS INTERFACE ..o 4-1
4.1 MEMORY MAP AND CHIP SELECT DESCRIPTION .....ccoiiiiiiiiiiie e 4-1
4.2 CACHE MEMORY CONTROLLER.... ..ottt 4-19
4.3 SHUv . i e e oo et e e e e e e e et e et e e e e et e e e e e e a e e e e e e e aaaannre s 4-24
4.4 INTERRUPT CONTROLLER. ..ottt 4-46
4.5 DRAM CONTROLLER (INCLUDING BATTERY DRAM) ....ooiiiiiiiiieiiie ettt 4-54
4.6 FLASH MEMORY CONTROLLER.... ...ttt 4-72
4.7 DMA CONTROLLER ..ottt ettt e e a4 e et e e e e e s e bbb e et e e e e e s arn e e e e e e e aennnnnees 4-76
RESET LOGIC/BATTERY BACKUP/WATCH DOG TIMER......cei ittt 5-1
5.1 RESET LOGIC/BATTERY BACKUPR ..ottt e e e 5-1
5.2 WATCHDOG TIMER ...ttt ettt e e e e ettt e e e s e e e et e e e s e s b e s e e e e e e s aennnnrees 5-11
FAX TIMING CONTROL INTERFACE ...ttt 6-1
B. L P L. ettt e e e e e e e et e e e a et e e e e e s a e e e e e e e s s e e s 6-1
6.2 FAX TIMING LOGIC ...ttt e et r et e e s s e e e e e e s s s aae e e e s 6-2
6.3 MFC2000 TIMING CHAIN ...ttt ettt e e e s e et e e e s e s bbb et e e e e e e s s e e et e e e e s e annrnneeeeeas 6-3
6.4 SCAN CONTROL TIMING .....ciiiiiiiiiiiiiie e s e e s s s e e e e e s s s e re e e as 6-4
6.5 FAX TIMING REGISTERS ...ttt ettt e e e s e e et e e s s e bbb e e e e e s e s e e e e e s 6-5
VIDEO/SCANNER CONTROLLER ... oottt neas 7-1
7.1 SCANNER CONTROLLER .....ciiiiiiiti ittt e e e e s re e e s 7-2
7.2 SERIAL PROGRAMMING INTERFACE ...ttt e e e 7-41
7.3 VIDEO CONTROLLER ...ttt r et e e s s e e e e e s s 7-50
N I L PO PO PPPTPPRRR 8-1
8.1 PADC AND SCAN ANALOG FRONT END ...ttt ettt e e e e 8-1
S T I I L TP PP PPPP R PPPRPPP 8-5

100723A Conexant i



9. BI-LEVEL RESOLUTION CONVERSION ..ottt ettt e et st s e st s s s et s et s s e rasensab s e ransenees 9-1
9.1 FUNCTIONAL DESCRIPTION ..uiititiiiti ettt et et et et s ee s ettt et s eae s e s ear et s eaetasearesseresansenrernsenes 9-1
0.2 REGISTER DES CRIPTION ..ce ettt ettt 9-6
9.3 RESOLUTION CONVERSION PROGRAMMING EXAMPLES. ...ttt 9-15
10. EXTERNAL PRINT ASIC INTERFACE ... ..ottt ettt ettt e e et et e et e et t et e et e et rea e e eereans 10-1
10.1 INTERFACE BETWEEN THE MFC2000 AND EXTERNAL PRINT ASIC ..o 10-1
11. BIT ROTATION LOGIC.. ittt et e et e e e et e s et s et s e e e ea s e b s e s ea e s s e b e s s sa e ansebsensrasensersensnens 11-1
11.1  FUNCTIONAL DES CRIPTION e ittt ettt ettt et e et et s e et e et et s e s ra s e retseaeransenreraeenes 11-1
I = 1 I 1O G B 17X ] N Y/ T 11-3
11.3 REGISTER DES CRIP T ON . et ettt 11-6
11.4 FIRMWARE OPERATION ...ttt ettt ettt e e e e et et st e s ta e e s et e e s ea e e s et s s s rareanrereeenerans 11-10
12. PRINTER AND SCANNER STEPPER MOTOR INTERFACE ........ccovvuiuiiriisieeiessseesis s 12-1
12.1 VERTICAL PRINT STEPPER MOTOR INTERFACE ..ot 12-1
12.2 SCANNER STEPPER MOTOR INTERFACE .....coo ittt e et e st e et e e et e e e 12-5
13. GENERAL PURPOSE INPUTS/OUTPUTS (GPIO) ...eiiiiiiiiiieiee ettt a e 13-1
A3, L GPIO SIGIN A LS oo e 13-1
13,2 GP OGP SIGN ALS ...ttt et e et et e e et et e e et te et et e e e et e eaeaeareea e taerean s eeaeaerrarneeans 13-5
13.3 GPIO CONTROL AND DAT A REGIS T ERS ... e e 13-6
14. COMPRESSOR AND DECOMPRESSOR. ... ittt e e e s e e e s e e e s e eans 14-1
14.1 FUNCTIONAL DES CRIPTION .. e ittt ettt ettt e e et et e e st et e et et s e s ra s e retseaeransenrerasenes 14-1
14.2 REGISTER DE S CRIP T ON . ettt 14-2
15. SYNCHRONOUS/ASYNCHRONOUS SERIAL INTERFACE (SASIF) .....vuiiniieiieeisneinsisssssiesisssssenn 15-1
15.1 FUNCTIONAL DES CRIPTION e ittt ettt ettt ettt e et e e sttt e et et s e e sa s e retseaerensenreraeenes 15-1
15.2 REGISTER DES CRIPTION. ittt ittt ettt ettt e ettt e s et et st e ta sttt et st sasenreanstaesensenrerasenes 15-3
A5.3 S ASIE TIMING ..o ettt ettt 15-12
15.4 FIRMWARE OPERATION ... ittt ettt ettt e ettt e et e e et st e ea s ea e e sttt e s s et e e e s eareanrebesensenrrens 15-16
BT O ST = T LAV I o o T 16-1
16.1  FUNCTION DES CRIP T ION .ottt 16-1
16.2 REGISTER DES CRIPTION. ettt ettt et e ettt e e st e et et e et e ta e et et s e taeeare s st sensetrasrerarennes 16-1
16.3 FIRMW ARE OPER AT ION ..ottt 16-23
17. BI-DIRECTIONAL PARALLEL PERIPHERAL INTERFACE .......ccovviveeeceeseeeeeesesssseessesseeseesses s 17-1
17.1 OPERATIONAL MODES . ... oottt ettt e e ettt et st e ettt e e s et s s eae s e s et s s s ransenrersenes 17-1
17.2 ADDITIONAL FEATURES ... oo e et 17-2
17.3 FUNCTIONAL DES CRIP TION ..ottt 17-3
17.4 REGISTER DES CRIPTION. .ttt ittt ettt ettt e et ettt et et st et e ear et st san s et reanstaesenrenrerarennes 17-4
B S T I 1 1 17-16
17.6 FIRMWARE OPERATION ...ttt ittt ettt e e e e et et e st e e e sttt e s st ea s et e e s s ea e e s ereeeneenrrans 17-22
iv Conexant 100723A



18.

19.

20.

21.

22.

23.

24,

25,

REAL-TIME CLOCK ... r e e e e s s bbb e e e r e e e s 18-1

18.1  DESCRIPTION w..ooooveieeieeeeeeeeeee oo eee e eeee e se e ee e se e 18-1
18.2 REAL-TIME CLOCK (RTC) REGISTERS .....ovuveeeeeeeeeeeeeeeeeeeeeeeeeeee e seeesee e e s ese e 18-2
18.3  RTC OPERATIONS........ouiveieeeee oot eeeeeeeeee e eeees s esees e e e e ee e 18-3
SYNCHRONOUS SERIAL INTERFACE (SSIF).....eveieeeeeeeeeeeeeeeeeseee e seeseees e se s sees s 19-1
19.1 INTRODUCTION AND FEATURES .....cooiviteieeeeeeeeeeeeeeeeeeeeeee et eeeee e ee e ee e ee e 19-1
19.2 REGISTER DESCRIPTION. c....eeveieieeeeeeeeeeeoeeeeeeeeeeeeee et ee e eee e eee e eee e e e e e se e en e 19-2
19.3  SSIF TIMING ..ottt e e 19-7
PROGRAMMABLE TONE GENERATORS ......ovvveiveeeeeeeeseeeeeeeee s ssee s seees s esees s esees s es e en e 20-1
20.1  INTRODUGCTION ...ttt e e e et ee e ee et eee e ee e ee e 20-1
20.2 BELL/RINGER GENERATOR .......oouiimiteieeieeeeeeeeeeeeeeseeeeee st ee s ee s seees e s en e 20-1
20.3  TONE GENERATOR ... otieeeeeeeeeeeeeeeeeeeeeeeeeee e ee e e et e et ee e e se e ee e ee e 20-6
PWM LOGIC ..ot s et en e n e seen e seen e nseen e 21-1
21.1  FUNCTIONAL DESCRIPTION ......ocvuiteieeieeeeseeeeeseeseessee st sse s sse e see s see s eeen e 21-1
21.2 REGISTER DESCRIPTION. ... ieeieeoeeeeeeeeeeeeeeeeeeeeeeeeeeseee e eee et eee e e se s e e s se e 21-2
CALLING PARTY CONTROL (CPC) w.o.eoviveeeeeeeseeeseeseeeee s seess s sesn s sseen s ssesness s sesnesseenesnennens 22-1
22.1 REGISTERS DESCRIPTION .......oviiveieeieeieeieeeeeesseseeseeesee s s s sse s se s se s se s een e 22-5
SSD._PB0....eoeeeeeeeee ettt 23-1
23.1  FUNCTION DESCRIPTION w..ooovoieieeeeeeeeeeeeeeeeeeeeeee et ee et ee s eee e se e eeee e 23-1
23.2 REGISTER DESCRIPTION. ... tiieieeiteseeeeeeeeeeees e ee e ee e es e sse e en e 23-3
23.3  FIRMWARE OPERATION ... ..oouieieeteeeeeeeeeeeeeeeeeeeeeee e eeeee et ee e ee e ee e ee e en e 23-6
COUNTACH IMAGING DSP BUS SUBSYSTEM ......oovuieiiiiieeeeeeeseseeeseesseseiesesessesneess s s ssesneen s 24-1
24.1 COUNTACH IMAGING DSP SUBSYSTEM......coiiiieeieeeeeeeseseeeseeseeseeseseeseeseeneesee s ss s 24-3
24.2 COUNTACH IMAGING DSP BUS UNIT ....coooviieeeeeeseeeeeeeeeseee oo se s 24-4
24.3  ARM BUS INTERFACE .......ooeoieeeeeeeeeeeeeeee e eee oo ee e e eeee e ee e ee e ee e 24-8
244 COUNTACH IMAGING DSP SUBSYSTEM INTERFACE .......ovuveoeeieeeieeeeeeeeeees oo, 24-11
245 COUNTACH DMA CONTROLLER.......coiveieeeieeeeseeeeeeeeeeeeeeeseeeseeseeeseeees s esees s eseese e 24-12
24.6  VIDEO/SCANNER INTERFACE ......ooivioeieeieeeeeeeoeeeeeee e se s eeees s e s ese e 24-22
24.7 (S)DRAM CONTROLLER ((S)DRAMC) ......evoveeeeeeeeeeeeeeeeeeeeeeseeseeeeeeeee s esees s eseee e seeeeese s 24-23
24.8 REGISTER DESCRIPTION. ..o ieeioeiieeeeeeeeeeeeeeeeee e eeeee et se e ee e sseee e see e eee e ee e 24-28
CONFIGURATION ...ttt ee e ee e ee e es e en e 25-1
25.1 HARDWARE VERSION ......cooiuiimiieieeieeeeeeeeeeeeseeeeee e eeees s ee s se s es e see s e 25-1
25.2  PRODUGCT CODE ..ottt oo e eee et ee et e e ee e ee et ee e 25-1

100723A Conexant v



Figures

Figure 1-1. MFP System Diagram USING MFC2000 ..........ccicuutteiiuieeaiieteeitieeeaniteeessteeeesseeeeassseeesaseeessnseeeeansseeesanseeessnsseeens 1-1
Figure 1-2: MFC2000 FUNCHON DIAGIAIM .....ccitiiieiiiiieeiieie ettt e sttt e ettt e e sttt eeeastaeeessteee s ambeeeeanteeeesnaeeeesnsaeeeansteeesanseeeeannseeean 1-4
Figure 2-1. MFC2000 OFQANIZALION .......ccuieiiueeiireaieesteestessteeaseessseeassesasseeaseeassesasesassssassessssesassesasesansessnssssssesasseessesnssenas 2-2
Figure 3-1. MFC2000 BGA BOMOM VIEW .....cciuuiiieiiiiieeiieee ettt ettt ettt e e et e et e e st e e e s aa b e e e e et e et ennn e e e s b e e e e anbeeeennreas
Figure 4-1. MFC2000 MEMIOTY IMAP ... .eetuteeeiitteeeeaiiteeatteeeaatteeeeasteeeestteaesasteeeaasteeeeaaseeeeaasseeeeanteeee s neeeeeanseeeeansteeesanteeesanneeeean
Figure 4-2. MFC2000 Internal Memory Map

Figure 4-3. MFC2000 Cache OrganiZation ............c.uueeeiieieeiiieeeesiieeeeiieee s stteeeastbeeeessteteesaeeeeaanteeeeaaseeeesnaeeesanteeeeanseeeesnnnes
Figure 4-4. 2-Way Interleave ROM CONNECLON .........iiiiiiieeiieee e etiee e eitee et ee e e et e e e atteeeesbeeeeaabbeeeeanteeeeanaeeesasteeeeaseeeesannes 4-26
Figure 4-5. Zero Wait State, Single Access, Normal Read, NOrmal WL ...........ooiuiiiiiiiie i 4-36
Figure 4-6. One Wait State, Single Access, One Read, ONe WIIE .......oouiiiiiiie et e e e ireaee e e e e 4-37
Figure 4-7. Two Wait States, Single Access, Read On Delayed (CS1n), Write Early Off (CS2N)......ccccovvieeeiniieeeiiiieene, 4-38
Figure 4-8. Zero Wait State, Burst Access, Normal Read, NOrmMal WILE..........cooiiiiiiiiiiie e 4-39
Figure 4-9. Fast Page Mode ROM Accessl] 1,0,0 Read Access Followed by 1,1,1,1, Write ACCESS......cuuvveirrirerriiveeennnnne 4-40
Figure 4-10. System Bus Timing[l Read/Write With Wt STALES ........cccueiiiiiiiieiiiiee it 4-41
Figure 4-11. System Bus Timing[l Zero-Wait-State REAA/NVIILE ........cocuuiiiiiiiee it e et 4-42
Figure 4-12. System Bus Timing[l 2-Way Interleave Read Timing (S = 1) ....ueeiiiiieiiiiiee et 4-43
Figure 4-13. System Bus Timing[l 2-Way Interleave Write Timing (S = 0 0F 1) .....coiiiiiiiiiiiieeiiiiee e 4-44
Figure 4-14. External INterrupt REGUEST TIMING .......viieiiiiiee ittt e ek e e st e e s n e e e s s ne e e e anneeesnnnes 4-54
Figure 4-15. DRAM BanK/AGUrESS IMAP......ceeiureieiiiiie ettt ettt et e e et e e b et e e s bt e e et et e e s nne e e s anne e e e anne e e e s nnes 4-56
Figure 4-16. Simplified DRAM Controller BIOCK DIQQIam ..........coouuieiiiiiieiiiiie ettt ettt sbae e e snbe e e snbeeeesneeas 4-59
Figure 4-17. DRAM INtErface EXAMPIE ... ..uiiiiiiieiiiiie ettt ettt ettt e e sttt e e s et e e e e st bt e e sabe e e e srabe e e s abbeeeeanbeeeeenneas 4-60
Figure 4-18. 8-Dit MEMOTY DALA BUS......cccuuiiiiiiiie ittt ettt e e st e e e aabe e e e sabe e e e s ab bt e e e aabeeeesabbeeeesnbeeeeanbeeeesnneeas 4-65
Figure 4-19. 16-bit MEMOTY DAta BUS.........iiiiiiiieiiiiie ittt ettt sttt e et e e s aabe e e e s abee e e e et b e e e e anbeee e sabbeeeeasbeeeeanbeeeesnneeas 4-65
Figure 4-20. CASn Non-Interleaved 8-bit DRAM REAM. .........cuuiiiiiiiiieiiiie ettt abee e s e e st e e s abee e e s neeas 4-66
Figure 4-21. 2-Way Interleaved Memory with Halfword BUrsts Of Data .........cccoivviiiiiiiieiiieciee e 4-66
Figure 4-22. 2-Way Interleaved DRAM REAA (3 WOITS) ....eoiurrieiiiiieeeiieie sttt e e s anne e nnneas 4-67
Figure 4-23. 2-Way Interleaved DRAM WILE ......ccoiiiiiiiiiie ettt e e sk e e s e e s e e e s s e e e anne e e e s nnees 4-67
FIGUIE 4-24. RETESIN CYCIE ...ttt et e e s e e s bt e e e e bt e e s e e e e an et e e aanr e e e e nnnes 4-68
Figure 4-25. DRAM TimingU Read, Write and Wait States for Non-interleave Mode ...........ccocveeeiiiiiiiiiiee e 4-68
Figure 4-26. DRAM Timing for 2-way INTEHEAVE WIILE .........c.ueiiiiiiieieiiie ettt et e st e e et e e e neeas 4-69
Figure 4-27. DRAM TimingU Read for 2-way iNterleave MOGE...........coiuiiiiiiiiieiiiee ettt 4-69
Figure 4-28. DRAM RETESN TIMINQ ....eeiiiiiiiiiiiie ettt st ettt e e s sttt e e e bt e e e s abb e e e anb et e e sanbe e e s anbeeeeanbeeeeenneas 4-70
Figure 4-29. DRAM Battery RefreSh TIMING .......ccoiiiiiiiiiiiie ittt ettt sttt e e e st e e e sttt e e s bbe e e e snbe e e e anneeeesneeas 4-70
Figure 4-30. Flash Control BIOCK DIBGIAIM .........cueiiitiie ittt siieee st ee ettt st ee et b e e e s sbae e e s bee e e e anbb e e e aabeeeesnaeeesasbeeesanseeeesnnneas 4-73
Figure 4-31. NAND-Type Flash Memory Access With TWO Walit STALES ........cccoiuiiiiiiiiiiiiiiie e 4-75
Figure 4-32: External DMA Read Timing (Single Access, ONne Wait STAtE) ..........covvrvriiiiiieee e 4-80
Figure 4-33. External DMA Write Timing (Single Access, One Walt STAte) ..........cooeviriieiiiieeiiiiie e 4-81
Figure 4-34. USB Logical Channels BIOCK DIBOIaAM ..........iiiuiiieiiiiie ittt e s 4-82
Figure 5-1. POWer RESEt BIOCK DIBGIAIM.......c.utiieiiiiie ittt e et e e st e e s e e e et e e e s see e e s ann e e e e et r e e e nnnneeennneeeeas 5-2

Vi Conexant 100723A



Figure 5-2.
Figure 5-3.
Figure 5-4.
Figure 5-5.
Figure 5-6.
Figure 5-7.
Figure 5-8.
Figure 5-9.
Figure 6-1.
Figure 6-2.
Figure 6-3.
Figure 7-1.
Figure 7-2.
Figure 7-3.
Figure 7-4.
Figure 7-5.
Figure 7-6.
Figure 7-7.
Figure 7-8.
Figure 7-9.

POWET-0OWN SEIECT LOGIC ....eeiuitiieiiiiie ettt ettt ekt e et e e ekt e e st e e s et e e et e e e e ne e e e e asbe e e e anbne e e nannees 5-3
Power RESEt TIMING DIBOIAM ... ....iiiiiiiie ittt e et e e ekt e e e bt e e s bb e e e et et e e anbe e e e snaeeeabreeennes 5-5
+5V Prime POWET SigNal @NA VGG .......cuiiiiiiiie ettt ettt ettt e e et e e e ent e e e sn bt e e e entteeesnneeeeanneeeean 5-6
INEEINAI POWET DEIECHION ...ttt ekt b e ekt e bt e bt e bt e s bn e e bt e nbneennre s 5-10
(1o (0] (S OF=T o1 [o] = T=T o {11 (=T o LRSS 5-10
Vo1 2= Yo [= R DAY o 1] G O o | PRSPPI 5-11
Watchdog Timer BIOCK DIBGIAM .....ccc.uviieiiiiiee ittt ettt e st e e e e bb et e e st e e s ssb e e e abb e e e sanrneeennnneeeas 5-12
Watchdog Time-Out TiMING DIBGIAM .......uuiiiiiiiie ettt e s r e e s bt e e et b e e sanreeeesnreeeas 5-13
Fax Timing Control LOgIC BIOCK DIGGIEIM .........uviiiiiiiiiiiiieee ettt e e e sne e e s e e e e snn e e e s nnreeennes 6-2
MFC2000 TimMING CRAIN .....eeeeeeiiiie e e st e e et et e s e e e st e e e s s ee e e s san e e e e s e e e aanne e e e snnneeeabreeennee 6-3
Scan Control Timing

Video/Scanner Controller Block Diagram
(0101111 (=To I W Taa T To B DI F= Vo[ = 4o SRR PTPRPI
(0101111 (=T I T g T To B DI F= Vo [ = 4o RO PTPPPI
Untitled TImMING DIBOIAM ... eeeeeiiiiie ettt et e e e st e e e et e s ekt e e aab et e nnn et e e asbe e e e annne e e s nnnneeennnreeean
Untitled TimMING DIBOIAM ... .eeeeeiiiiie ettt et e et e e s e e s s bt e e et et e e s nn et e e asbe e e e anne e e s annneeennnneeean
Untitled TimMING DIBOIAM ... ..eeeeiiiiie ettt e e st e e st e s a ket e e et et e s nn e e e s asbe e e e annr e e e s annneeennnneeean
Untitled TimMING DIBOIAM ... .eeeeeiiiiie ettt e et e e s et e s a ket e e et et e s nr e e e s asbe e e e annreeesnnnneeennreeean
(0101111 (=To I T a1 To B D= o[ = 4o PRSP
(0101111 (=To I W e T To QDI F= Vo [ = 4o PO TPRPI

Figure 7-10. Untitled TimiNg DIGgIaM ........uiii ittt et e e sttt e e s s bt e e sttt e e e sabe e e e st be e e aabeeeesanbeeesssbeeeeanseeeesnneeas

Figure 7-11. Untitled TimiNg DIGgIaM ........uiiiiiiiie ittt ee e e et e e sttt e e e s s bb e e e ettt e e e s abe e e e st be e e anbeeeesrnbeeesasbeeeeanseeeesnnneas

Figure 7-12.

Untitled TIMING DIBOIAM ......eeeie ittt e e et e e e s r e e s as b e e e e et e e e anre e e e e snr e e e e asreeeeannneeennnnas

Figure 7-13. Untitled TimMING DIGOIAM .......cuiiiiiiiee ettt e et e e st e e s e e e st b e e s aabe e e e s nne e e s ssnr e e e anee e e s nnes

Figure 7-14. Untitled TimMING DIGOIAM .......cuiiiiiiiee ittt e et e e et et e e s e e e s b e e s aabe e e e snne e e s anne e e e annee e e s nnnes

Figure 7-15. Untitled TimiNg DIGOIAM .......cuiiiiiieee ittt e et e e e e e sk e e e et et e e s n e e e s s e e e e anre e e s nnnes

Figure 7-16. Untitled TimiNg DIGgIaM ........uiiiiiiiie ittt ettt sttt e e e st e e e sttt e e e s abe e e e st be e e anbeeeessnbeeesasbeeeeanseeeesnneeas

Figure 7-17.

0o 11 [=To I T ol T To l BIT= o = oo PR PPP

Figure 7-18. Untitled TimiNg DIGgIaM ........uiiiiiiiie ittt ettt e sttt e e s s bt e e s bee e e e e abe e e e s bbe e e anbeeeesnbeeesasbeeeeanbeeeesnnneas

Figure 7-19. Untitled TimiNg DIGgIaM ........uiii ittt sttt e e s st e e e sttt e e e s abe e e e et be e s anbeteesnbeeeaasbeeeeanbeeeesnnneas

Figure 7-20. Untitled TimiNg DIGOIAM .......cuiiiiiieee ettt e et e e e e e s b e e s et et e e s n e e e s asne e e e ane e e e s nnnns
Figure 7-21. External circuit required for SONY—ILX516K INtEITACE ........coioviiiiiiiiieiiiie e 7-40

Figure 7-22.

LED timing fOr SONY—=ILXSLOK ......cceiiiiiiiriieeiiiie ettt ettt et e e st e e s st e e s nr e e e e atn e e s annneeennnes 7-40

Figure 7-23. Serial Programming Interface, PhysiCal CONNECHION ...........coiiiiiiiiiiiie e 7-41
FIQUIE 7-24. BUS PIOOCOL ......cciitiiiiiiiie ettt ettt s ket e e e st e e et e e ek e e e e e b b e e e e e ab et e s nne e e e asne e e e annne e e e nnns 7-42

Figure 7-25. Serial Programming Interface, Timing DIagram..........cooiiuiiiiiiiiie it et e s ee s sibe e e s sneeeesnneeas 7-42
Figure 7-26. Stretching the LOw Period Of the CIOCK ..........coiiiiiiiiiiiiite ettt 7-44

Figure 7-27. Firmware Operationm TIranSIMISSION..........cocii it 7-48

Figure 7-28. Firmware Operationl] RECEPLION .......c..viiiiiiiie ettt e et e e e e e e s nre e e s s e e e annn e e e s nnres 7-49

Figure 7-29. Connection to External Vide0 Capture DEVICE ...........eieiiiiiiiiiiiie ittt ettt e st e st e st e s annee e e s neeas 7-51
Figure 7-30. Untitled TimiNg DIGGIaM ........uiiiiiiiie ittt ettt e sttt e e s s bt e e s bbe e e e s abe e e e et be e e aabeeeesnbeeeeanbeeeeanbeeeeennneas 7-54

100723A

Conexant vii



FIgUIe 7-31. DIMA OPEIALION. .....coitiiiiiiitit ettt e b e b e e b e e e b e e e b e e s be s e s b e e e b e e s b e e s s b e e s b e e s an e e san e e s ane e saneesans 7-55

FIGUIE 8-1. UNTLIEA FIQUIE ...ttt e et e e ekt e e st e e 4 bt e e e bt e e e sbe e e e sab et e e et b e e e nnte e e e nnnreeean 8-1
Figure 9-1: Bi-level Resolution Conversion BIOCK DIAQIam .........c.uuiiiiiiiieiiiee ettt s e e e e st e e s nnteee s snneeeean 9-2
Figure 9-2. The Physical Nozzle Diagram for Typical INKJet HEAAS ..........ciiueiiiiiiiii e 9-5
FIGUIE 9-3. UNLLIEA FIQUIE ..ottt ettt e ettt e e sttt e e ekttt e e e mte e e e e s e e e ettt e e anaeeeeanteeeeansbeeeenteeeesnneeeean 9-5
Figure 9-4: Resolution CONVErSioN ProgrammMNg .........oc.ieeiueeeaiiieeeeiieeessteeeeastteeeeseeeeessneeeesantseeesaseeeesnseeesasneeeesnseeeesansees 9-15
FIGUre 10-1. PriNt ASIC INEITACE. ....c.tteie ittt b e e e ettt e e e bt et bt e e ettt e e b e e e e aa e e e e aabe e e e s nnnes 10-2
Figure 11-1. Nozzle Diagram of a Typical Programmable Inkjet Head ... 11-1
Figure 11-2. Examples of Nozzle Head CONfIQUIAtIONS ...........eviiiiiieiiiiie e 11-2
Figure 11-3. Nozzle Configuration by Bit Rotation Block (Regardless of Physical Nozzle Configuration) ..........cccccccvveennee. 11-2
Figure 11-4. MFC2000 Bit Rotation Block Diagram

Figure 11-5. Fetcher DMA Channel FEICh OFQer.......cooiiiiiiiiiii ettt e st neeas
Figure 11-6. CPU Background Print Data PreParation ...........c.ccoiiuieiiiiiiieiiieesiiiee e siiee e steee s sareeesssteeesssseeessnseeessnneeesnne 11-12
Figure 11-7. MFC2000 Little-ENIaN FOIMAL ......cciiiiiiiiiiiie ittt e st e e s sate e e e s bt e e e e anbeeessnbeeeesnbbeeesanbeeeennn 11-13
Figure 12-1. Vertical Printer Motor Control BIOCK DIAGIAM ........cciuriiiiiiiieiiiiee ettt e e 12-1
L To UL ] (=T o] o T Vo T I 1 11 o OO RR PP PPPP P 12-2
Figure 12-3. Scan Motor CONIOl DIBOIAM ........vveeiiiiiee ittt ettt e st e e e st e e s e e e sk r e e e e aab et e e s nne e e s asne e e e anneeeennnes 12-5
Figure 12-4. STEPPING TIMING ...veeeeiiiieeeiiii ettt e e st e e e st e e s bt e e ok b et e e aaE et e e e s ee e e e s s e e e e anbee e e snne e e e anne e e e annneeennnnes 12-7
Figure 12-5: Current CONIOI DIBOTAM ........uiiiiiiieeiiiiite ettt ettt e st e e e sttt e e s stbe e e e asbb e e e sbte e e e sabeeeeaabbeeeanbeeeeasnbeeeeasbeeeeanbeeeesnnneas 12-9
Figure 14-1. Data Flow for COmpresSion/DECOMPIESSION .......eceitueteiriirieeitieeeaatteesaattetessseeeesasbeessaseeeesssseessssseeesanseeessnnsees 14-1
Figure 14-2. Compressor/DecompreSSOr FIFO STIUCTUIE ........uiiiiiiie it ritee ettt sttt sbee e s e e s snbe e e e snbee e e s neeas 14-2
Figure 15-1. SASIF BIOCK DIBGIAIM ... ..eiiiiiiieiiiiee ettt e ettt e st ee e sttt e e s sttt e s saba e e e e bb e e e e anbe e e e aabbeeesabbeeeanbeeeeannbeeeeasbeeeeanbeeeesannes 15-2
Figure 15-2. SASSCLK TimMING DIAGIAM......etiiitiiieiiiite ettt e st e e et e st e e s e e e st et e s ane e e e sb e e e e et reeeaannneeesnreeesannneeennn 15-12
Figure 15-3. SYNChroNOUS MOTE TIMNG ...ceeiureeeiiiriieeiairie et e st e st e st e e st e e e et e e e sann et e e snreeeabreeeaannneeesnreeesanrneeeann 15-13
Figure 15-4. ASynchronous TranSMItter TIMING ........eeeiirriiiiiieee e e e r e s e s e e s b e e s aare e e sasnn e e e snneeesanrreeeanns 15-14
Figure 17-1. Parallel Port Interface Controller BIOCK DIAQIAM .........ccoiiiiiiiiiiieeiiiee e 17-3
Figure 17-2. Compatibility Mode Timing DIGgIam........ccuuiiiiiuiiieiiiiiee ettt ettt et e e sttt e e s e e s ssbb e e e sttt e e sasteeeesbbeeesanbeeeeanes 17-16
Figure 17-3. Nibble Mode Data TranSfEr CYCIE ........uei ittt e ettt e e st e e e s baeeessnbeeeeanes 17-17
Figure 17-4. BYTE Mode Data TranSfer CYCIE .........uii ittt et e st e e bbee e e snbeeeeenes 17-18
Figure 17-5. ECP MOde TimMING DIBOIAM .....cciiuutiiiiiiiie ettt e eiiete et ee ettt ettt e ettt e e s as bt e e e sbte e e s abbeeeeanbbeeesanbeeeesbbeeesanbeeeennns 17-19
Figure 17-6. Reverse ECP Transfer TIMING.........coouiiioiieiieie et e s ssee e et e e et e e s asnn e e e snneeesannneeenans 17-20
Figure 17-7. Error Cycle TimMiNgG DIAGIAIM .........uueiiiiiiieiiieie e iiee et e et ss et e e e st e e s ssee e e s ssne e e e as s e e e aasnneeesnneeesannneeennn 17-21
L To UL E B = WO =] ool [ B =T | =T o P OO PPPPP 18-1
FIgure 19-1. SSIF BIOCK DIBGIAIM ......vviiiiitiieeiieee et ee ettt e et s st e e e s bt e e e bt e e e s et e e as b e e e e aab et e e s nn e e e e anne e e e annreeennnnns 19-1
FIGUIE 19-2. SSCLKL DIBGIAIM ....eeeeiiiiieeeiitite ettt ettt ettt e e ettt e ekt e e st e e ek b e e e st et e e e an e e e e e abe e e e anbe e e e nnne e e e nnne e e e annneeenannns 19-3
(o [N IR e RS S O M G2 B - To [ = Ly o SR PPPP 19-6
FIgUre 19-4. TimING DIBGIAIM ... ...eieiiitiee ettt ettt et e e ettt e ettt e e astb e e e s sttt e s asbeeeeaa b b e e e e sbeeeeaabee e e e abbeeeeanbeeeesanbeeeeasbeeeeanbeeeesnnnes 19-8
(o[0T =2 0 I 211 T T =T o T2 11T [ PSPPI 20-1
Figure 20-2. Bell/RINGET BIOCK DIAGTAM .....eiiiiuiiiieiiiiee ittt sttt e ettt e sttt e e st e e e as b e e e sste e e e aabe e e e e bb e e e anbeeeessnbeeeeasbeeeeanbeeeesnnreas 20-2
Figure 20-3. Bell/Ringer GeNerator WaVETOIM ..........iii ettt e e e s 20-3
Figure 20-4. Tone Generator FreqQUENCY CRANGE. ... ..ciiuiiiiiiiee ettt e s e e s st e e st e s e e e s ssne e e s ann e e e s nnnes 20-6

viii Conexant 100723A



FIGUIE 22-1: CPC SIGNAL. ... teiiiiiiee ettt e ke e ettt e 1 b et o4k bt e a2 a b et e e b et e a4 ah b e e e e an b et e e s ann e e e s b be e e e anbeeeennnees 22-1
Figure 22-2. CPC OpPeration FIOWCHAIT ..ottt et aab e e s e s s e e e anbe e e e e nnnes 22-2
Figure 22-3: CPC Operation (With CPCTIIeShOId = 4)......ccoiiiiiiiiiie ettt et e e st e e e enee e e e neeas 22-3
(o UL S @ = O = (o o] [ B - To | = Lo PP 22-4
Figure 23-1. System CONfIQUIALION ONE .........uuiieiiiiie et ee ettt e e e st e st e e e as b e e e sttt e e e asbeeaeatbeeeanteeeeannseeeeanteeeeanseeeeennnes 23-1
Figure 23-2. System CONFIQUIALION TWO ......iiiuiiieiiiiie e et sttt e e ettt e e s st e e s et eeeaasteeeeateeeeeasaeeeeantbeeeanseeeeannneeesanseeeeanseeeesannes 23-2
Figure 23-3. System COoNfIQUIAtION TRIEE.........uiiiiiiiie ettt e e e et e e e bt e e s b e e e st e e e anbe e e e s nnnees 23-2
Figure 24-1. The ARM Bus SyStem BIOCK DIGQIAIM .........uiiiiiiiieiiiiie ettt et snn e e e e ee e s 24-2
Figure 24-2. SDRAM Setup and HOlA TIMING .....cooiiiiiiiiiiieiie ettt e e e e e et e st e e e s nn e e e s anreee e e 24-29
Figure 24-3. SDRAM Read OF W TIMING.......ueteiiieeeiiieieeitiee et e e ss e e e e s st e e s asee e e e ssnr e e e aasreeesannneeesnreeeaannneeeann 24-30
Figure 24-4. SDRAM MOAE TiMING .. .ueeiiiiiiieiiiiieeaitieee ettt e e st eeee sttt eeaasteeeeasteeeaasteeeeantaeeesaneeeeeansseeeaseeeesanseeeesnseeesaneneeeanns 24-30
Figure 24-5. SDRAM REFTESN TIMING ..ceeiiiiiiiiiiiiie ettt e ettt e s sttt e e s bt e e ettt e e e anbeeeesbbeeesanbeeeeann 24-30
Figure 24-6. FPDRAM TimiNg (REAA OF WIIE) ....cciuuiieiiiiii e ittt ettt e ettt ettt e st e e s st e e s sttt e e s sbb e e e e antbeesanbeeeesnbbeeesanbeeeeane 24-31
Figure 24-7. FPDRAM TimiNg (REMTESN)......ciiiiiiiiiiiie ittt sttt e bt e e ettt e e s anbe e e e s bbeeesanbeeeenne 24-33
100723A Conexant ix



Tables

Table 1-1. Reference DOCUMENTALION .......c.uiitiietiie ettt ettt ettt e et e et e bt e b e e ettt et e e ns bt e e abe e na bt e eabe e s b e e aaneenans 1-5
Table 2-1. MFC2000 DEVICE FAMIIY .....ueiiiiiiiie ittt ettt e sttt e sttt e e ettt e e ettt e e e ambeeeesabeeeeabbeeeeanteeeeanneeeeanneeeeenes 2-1
LI Lo [ o 1 I 1= Tl 1 o 1o o N (1 ) SRR 3-1
Table 3-2. MaXIMUM RALNGS ... eetiueeieeiiiiiee ettt e ettt e e e sttt e e sttt e e e s st e e e sttt e e e amaeeeesasbeeeaanteeeeaasaeeeamseeeeansbeeesaneeeeeanneeeeanseeeennnes 3-7
Table 3-3. Digital INPUL CRAIACTEIISTICS ......iuveiiiitiiee ittt e e b e e e s sttt e s b e e e sa b et e e et bt e e s nbe e e e snnneeeabneeennee 3-8
Table 3-4. OULPUL CRATACTEIISTICS ... eeeitriieiaiirie ettt ettt e ettt e e e ettt e e ettt e e s b b e e e e aabe e e e es b et e e sabe e e e aabbe e e anbe e e e snnneeeabneeennee 3-8
Table 3-5. POWETr SUPPIY REQUITEIMENTS .......eiiiiiiiiee ittt et s e e e st e e e et bt e e ss e et e e sane e e e ab b e e e s anreeeesnneeeeannneeennee 3-9
Table 3-6. Battery Power Supply CUrrent REQUINEIMENTS ........coiuiiieiiiieeeiiiie et eee et e e e e e st e s snre e e e s e e e annneeennes 3-9
Table 4-1. Fixed-Location and Size Chip Selects

Table 4-2. Operation RegiSter Map (L 0F 9) ....iii ittt ettt e e ettt e sabe e e e s sbb e e e abbe e e sanbeeeesnbbeeeanbbeeeenes
Table 4-3. SEtUP REGISLETS (1 OF 2)..iiiiiiiiiiiiiii ittt ettt e st e e sttt e e s bt e e e ahb e e e e ettt e e sbbe e e e asbe e e e anbbeeesanbeeeesnbneeean
Table 4-4. Cache Tag Data Format (for Test Mode Read/Writ€ OPEration) ...........cceveiiiieeeiiiieieniiieeessiieeesnieee s seeeessneeeeas 4-20
Table 4-5. Access Modes fOor REAJING ROM ........ooiiiiiiiiiiiiiie ettt e e s st e e s abr e e e s anre e e e nnnneeeas 4-27
Table 4-6. Read Operation (Internal Peripheral Gets Data From MEmOIY) ........coiiiiiiiiiiiie e 4-29
Table 4-7. Write Operation (Internal Peripheral Puts Data INt0 MEMOIY) .....cccuvvviiiiiieeiiiiie e 4-29
Table 4-8. Read/Write with Wait States TimiNG ParaMetersS.........ccoiiiii i e 4-45
Table 4-9. MFC2000 Interrupt and RESET SIGNAUS .......veiiiiiiiie ittt et sbe e e st e e e srb e e s s nbbe e e ssnteeeesnbaeeean 4-46
Table 4-10. Programmable Resolution of TimerL and TIMEI2 ........ccueiiiiiiiiiiiiee e iiee ettt s sbre e e s sntee e e snbeeee s 4-53
Table 4-11. DRAM Walit Stat€ CONfIQUIALIONS .......ueiiiiiiieeiiiie ettt ettt et e et e e e st b e e e s st e e s ssbe e e e anbbeeesanbeeeesnnneeean
Table 4-12. Address MUItIPIEXINGLT PAIT L ........ooiiiiiiiiiiiee ettt e e e et e e s e e s ssn e e e e bre e e s anre e e e nnnreeean
Table 4-13. Address MUItIPIEXINGLT PAIT 2 ........oooiiiieiiiee ettt e et e st e s st e e s e e e s enre e e e nnnneeean
Table 4-14. DRAM Row/Column Configuration

Table 4-15. DRAM TiMING PaI@MELEIS......cciuiiiiiiiieeiitiee et e e sttt ettt e e st e e s asbeee e sabe e e e abb e e e s ante e e e sabbeeesasbeeeeanbbeeesanteeeesnneeeean
TADIE 4-16. FEALIUINE IMALIIX ....veiieiiteiee ittt e e et e st e e et et e e e s b e et e e s e et e e aa e e e e e eaE et e e s ane et e e as b et e e annn e e e s anrneeennnneeean
Table 4-17. DMA Channel FuNctions and CharaCteriStCS .........uuviiiiieieiiiiie et e e e 4-78
Table 4-18 DMA Channel 3 Control Bit SSSIGNIMENT.......ccccuuiiiiiiiie ettt e e st e s abre e e s anreeeesnreeeas 4-79
Table 6-1. Operation MOUE FIEOUENCIES ........cciiiiiieiiiite et et e ettt e et e e s e e st e e ek et e e e ee e e sk be e e et b et e nanreeeensnreeeanneeennee 6-1
Table 7-1. Register setup for RONM—IAB008—ZE22..........ccuutiiiiiiei ittt et e e e sttt e s ab e e e s be e e s abbe e e sanbeeeesnneeeean 7-27
Table 7-2. Register setup for DYNa—DL507—07UAH .......ccouitiiiiiiie it ettt e s nbb e e e sttt e e s anbeeeeanbeeeean 7-29
Table 7-3. Register setup for MitSUDISNI-GT3R2L6.......cccciuuiiiiiiiieeiiiiee ettt e et e e e stbe e e e sbb e e e s anbeeeesnneeeean 7-31
Table 7-4. Register Setup for TOShiDa—CIPS218MC300 .......ccoiuiiiiiiiiie ettt siee et e e st e e sb e e e s stbeeesbeeeesanbeeeesnbreeeas 7-33
Table 7-5. Register Setup fOr NEC — UPD3724 ........co ittt ettt e ekt e s et e s e e s e e s et e e e nnre e e e nnneeeeas 7-35
Table 7-6. Register Setup fOr NEC — UPD3794........ooo ettt etttk ettt e st e e s et e e nnre e e s nnneeeeas 7-37
Table 7-7. Register SEtUp fOr SONY — ILXBLEK ......ciuuiiiiiiiieeiiiiee st ee ettt e sttt e e st e e e s bt e e s asbe e e e s atbe e e e anbbeeesanteeeesnneeeean 7-39
Table 8-1. UNLIET TADIE ...ttt ettt e st e e s e bt e e e R et e e s et e e sane e e e et b et e s nre e e e nnnneeeannenennee
Table 8-2. UNLIET TADIE ...ttt e st e e et e e e et e e e st et e e sane e e e e s b et e s nre e e e s nnneeeanneeennee
Table 8-3. Offset Adjustment on DAC

Table 8-4. Programmable Gain AMPlIfIEr (PGA) ... ..o i ittt e e e st et e s e e e s e e e e s nnreeennes 8-3
Table 8-5. PIPEIINEA ADC (PADC) .....cciitiieeiiiieeieieee sttt e ettt e sttt e e sttt e e ettt e e s aate e e e sabeee e ettt e e e anbeeeeasbeeeeanbbeeesnbeeeesnbbeeeanbbeeennes 8-4

X Conexant 100723A



Table 8-6. PADC TiMING DIAQGIAIM .....cciiiiiiiiiiii ettt e e et e e s b e e e e s e b et e e et et e e as b et e e aabe e e e ab b e e e aanbeeeesnnneeeabreeennee 8-4

Table 8-7. TADC BIOCK DIBUIAIM .....ccciiitiiiiiiiii ettt ettt et e e s st e s as et e e ekt e e e bt e e s sab et e e et b e e e e nbe e e e snnneeeabneeennee 8-5
Table 9-1. UNIIE TADIE ....eoeiiiiii ettt e ettt e e ea e et e e ee bt e et e e na bt e e abe e et e aneenanes
Table 9-2: Procedure to determing PiXElS 10 FEMOVE..........uuiiiiiiiii ittt ettt e e e e
Table 9-3: Resolution CONVErSiON EXAMPIES.........coiiiiiieiiiie ettt et e et e e et e e e ettt e e s eaee e e e srae e e e anseeeesanreeeesnneeeean
Table 12-1. Full Step/Single Phase EXCIEALION.........c.iuiiiiiiiiee ettt e e et e e e sttt e e s snee e e e ssaeeeeasteeesanseeeesnneeeean
Table 12-2. Full Step/TWO PRaS@ EXCITALION .........uveiiiiiieeiiiie ettt ettt ek e e st e e s e e e sabe e e e aab e e e s anne e e e nnnneeeas
Table 12-3. Half-SteP EXCIALION ......cciiiieiiiii ettt e ekt e e et e e s bt e e e st e e st e e e s anr e e e e sanreeeas
Table 12-4. Full Step/Single Phase EXCIALION...........iuuiiiiiiieeiiiie ettt e s s e e s ann e e s annneeesnnneeean
Table 12-5. Full Step/TWO PRas@ EXCITALION .........eeeiiiiieeiiiiie ettt e ek e e st e s e e s ssne e e e anr e e e s anrneeennnneeean

LI Lo [ D G T o F= 1) ] (= o J (el = L4 (o] o SRS UPRP
Table 18-1. RTC Crystal Specifications for 32.768 kHz

Table 20-1. Bell/RINGET SEEHNG ... uueiiiiiiiie ittt ettt et ettt e sttt e e ettt e e e aabe e e e s sbeeeeasbbeeeebb e e e aanbeeeeasbeeeeanbbeeesnteeeennbeeeean

LI Lo (e B S 1S B =T ) =T £ PRSPPI
Table 23-2. PO CORE REQISIEIS. ....ciiiiiiieiiiiii ettt ettt e et e e s bt e e s s et e s ah et e e aa b b e e e e s e et e e ene e e e s asne e e e annre e e nnreeesnnneeeean
TADIE 24-1. NEEAS 8 HILIE.....ceeeee ittt e e skt e e e st e e s b et e e b b e e e e s b et e e ssn e e e e et r e e e e nnnn e e e nnnreee s

Table 24-2. DMA Channels: Functionality and PriONtES ...........ueiiiiiiiiiiiiiee e s 24-12
Table 24-3. DMA Parameters SCratCh Pad AGUIESSES. ......ceuiiiiiieiiiii ittt e e e e e e st e e s e e snneeeas 24-13
Table 24-4: Supported FPDRAM Chip CharaCteriStCS .......uuteiitiieeiiiiiieiiieieesiieeessiiee et e e stb e e ssste e e s ssbeeeeatbeeessnseeeesbeeeeas 24-23
Table 24-5: Supported SDRAM Chip CharaCleriSTCS .......cuueieiiiriieiiiiie e iitee ettt stte et e e st e e sbee e e s nebeeeanbbeeessnteeeesbaeeeas 24-23
Table 24-6. UNLHEd tADIE. ..o e et e e et st e 24-25
Table 24-7. UNHEA tADIE.........oo et s e e e b st e et e n e s 24-26
Table 24-8. UNGEd tADIE...........oo e e et e e s r et e e s r e e e et e e e e e an 24-26
Table 24-9. SDRAM Setup and HOIA TIMING ...coovviiiiiiiieeiie et s st e e sne e e e et r e e e s snneeeesnneee s 24-29
Table 24-10. Timing Parameters for 16-bit SDRAM Read and WIE .........ccoiiiiiiiiiiiiiiee e 24-31
Table 24-11. Timing Parameters for 8-bit SDRAM Read and WHILE ..........cooiiiiiiiiiiiie e 24-31
QI Lo (= o A <10 o S T3 T PR PPI 24-32
I Lo (= o T 10 o S T3 T RO PTI 24-32
Table 24-14. FPDRAM TiminNg (RETESN) ... .eeiiiiiiie et sttt e e ettt e e s e e e s bbeee s 24-33

100723A Conexant

Xi



This page is intentionally blank

Xii Conexant 100723A



Hardware Description MFC 2000 Multifunctional Peripheral Controller 2000

1. Introduction

1.1 Scope

This document defines and describes all hardware functions of the MFC2000 chip. The MFC2000 design is based
on the MFC1000 design with many minor modifications/enhancements. It has several new key functions to
accomplish the following:

*  Support a full color MFP

* Enhance connectivity to the PC

* Provide an internal Fax Modem

* Connect to external Conexant video chips

1.2 System Overview

The Conexant Multi-Functional Peripheral Controller 2000 (MFC2000) device set hardware, core code,
application code, and evaluation system comprise a full color Multi-Functional Peripheral (MFP) system—-needing
only a power supply, scanner, printer mechanism, and paper path components to complete the machine. The
standard device set hardware includes Conexant’s MFC2000 chip, Conexant’s SmartDAA or IA chip, and a
Printer Interface chip. Optionally, a Conexant video chip with VIP interface can be used to support the video
capture function. If V.17 or V.34 faxing without voice is required, the internal V.17/V.34 Fax Modem in the
MFC2000 chip is used and the MFC2000 is connected to the external Conexant SmartDAA or IA chip. If the
voice/speech function is required, the external Voice Fax Modem device from Conexant will be needed. Any other
external interface device can be supported by using the external ARM for CPU and DMA accesses or by using
the internal serial interface. An MFP system-level block diagram using the MFC 2000 is illustrated in Figure 1-1.

Operator Prime power/ ¢ VDD
Panel Battery power
module hybrid and_power @—— Battery
down circuit

Serial Interface (sync.)

SPIand VIP NTSC
USB Interface Interface IPAL

or Video Chip Video
pC |P1284 Interface| MEC2000 ‘ ’ (Conexant) < —| Camera

(Conexant)

Conexant

Color Scanner Interface Proprietary
Interface Telephone

Scanner 4—’ SmartDAA :
module ‘ ’ (Conexant) < ’ Line )
(Color Faxing)

External
ARM Bus

Data
DRAM/SRAM/Flash Memory

Program Video/Scan
ROM/Flash Memory <P P> sorAMDRAM

Printer IF 4_» Color Inkjet
4—’ (Conexant) J

Printer

v

Figure 1-1. MFP System Diagram Using MFC2000
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MFC2000 Multifunctional Peripheral Controller 2000 Hardware Description

1.2.1 Integrated Full Color MFP Controller (MFC2000)

The MFC2000 provides the majority of the electronics necessary to build a color scan and color inkjet printer
based MFP whose electronics are integrated into a one-chip solution including one CPU (ARM7TDMI) and two
DSPs (Countach Imaging DSP subsystem and P80 core).

Full printer and copier functionality is provided by the following:

* 1284 parallel port interface

* USB serial port interface

» Color scanner interface/controller

* Countach Imaging DSP subsystem for video/scan/compression process
*  Flash memory controller

*  SDRAM/DRAM controllers

* Resolution conversion logic

* Inkjet data formatter

* External inkjet printing

In addition, the MFC2000 performs facsimile control/monitoring, compression/decompression, and 33.6 Kbps Fax
Modem functions (P80 core). The MFC2000 interfaces with major MFP machine components like external
modems, SmartDAA, external Fax IA, motors, sensors, external video chip, and operator control panel. The
ARM7TDMI-embedded processor provides an external 48-MB direct memory access capability. An integrated
12-bit Pipeline ADC (PADC) and countach subsystem (DSP subsystem, combined with an advanced Conexant
proprietary color image processing algorithm, provides state of the art image processing performance on any type
of images, including text/half-tone and color images.

The full color MFP Engine provides the hardware and software necessary to develop a full-color Multifunctional
Peripheral including an architecture for color printing, color faxing, color scanning, video capturing, and color
copying. It also supports many of these operations concurrently.

1.2.1.1 Printing

The MFC2000 Controller supports color inkjet printing. Print speed throughput capabilities are inversely
proportional to resolution and also depend on the external printer interface. For host printing, the host sends the
image data with the print resolution; the MFC2000 performs no resolution conversion. If host printing and faxing
need to be performed for the same image, the printing image data must be sent to the MFP. The MFC2000
converts the printing image data to the faxing image data locally and then faxes it out. An external printer interface
chip is designed to support inkjet print mechanism/head subsystems. Different external printer interface chips can
be designed and used to support other inkjet mechanisms and heads according to customer requirements.

1.2.1.2 Faxing

Both host-based color faxing and standalone color faxing are supported in addition to monochrome faxing. Host-
based faxing can take place by using a Class One connection via the USB serial port or the P1284 parallel port.
For host faxing, the host sends the image data with the fax resolution; the MFC2000 performs no resolution
conversion. For standalone faxing, the resolution conversion is supported by the MFC2000. The standalone color
scan-to-fax function is supported using the advanced Conexant proprietary color image processing technology:

* Shading correction

* Gamma correction

* Pixel-based dark-level correction

* Color/monochrome image processing

* Color conversion

* JPEG

*  Multi-level resolution conversion.
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1.2.1.3 Scanning

For the color scan-to-PC function, up to 8 bits of scan data per pixel can be sent to the host. JPEG compression
can be used to reduce the PC upload speed.

1.2.1.4 Copying

The MFC2000 and associated firmware supports several modes of copying including standard, fine, superfine,
and photo. Multiple copies of a single image can be made with a single pass. The standalone color/monochrome
copy function is supported by using MFC2000’s Inkjet print formatter, the external printer interface, and the
advanced Conexant proprietary color image processing system.

1.2.2 MFC2000 Evaluation System

The Conexant MFC2000 Evaluation System provides demonstration, prototype development, and evaluation
capabilities to full color MFP developers using the MFC2000 Engine device set. The MFC2000 Evaluation system
provides flexibility for visibility and access, i.e., plug-on board for the modem, sockets for programmable parts,
and connectors for an emulator (refer to Figure 1-2). Jumper options and test points are provided throughout the
MFC2000 evaluation Main Board. The MFC2000 Evaluation System is the most convenient environment for the
developer needing to experiment with the several interfaces encountered in the full color MFP, for example, color
printer functions.

1.2.3 New Function Highlights

* PLL Clock Generation for several different clocks needed for ARM CPU, Countach Imaging DSP, Fax Modem
core, and USB Interface

* 4 KB 2-way Set Associative Instruction Cache
* USB Interface (including USB Transceiver) to PC
* Video/ Color Scan Controller (up to 600 dpi) (including programmable ADC sampling rate)

* Countach Imaging DSP Subsystem for pixel-based dark level correction, shading correction, gamma
correction, video/color scan image processing, color science and JPEG

* Countach Bus System which includes Countach Subsystem Interface, ARM Bus Interface, Video/Scan
Interface, Countach Bus Unit, Countach DMA Controller, and SDRAM Controller.

*  SmartDAA/IA Interface
* P80 Core + ARM IPB interface logic (V.34 Fax Modem core)
* Two Sync. Serial Interfaces

* Color Scan IA which includes Color Scan analog Front End, 12-bit PADC, Power-down Voltage Detection
Circuit, and TADC reference voltage.

* SPI and VIP interface to the external Conexant video chip

100723A Conexant 1-3



MFC2000 Multifunctional Peripheral Controller 2000

Hardware Description

MFC2000
32 DMA Controller
| :I Cache Controller
ARM7TDMI and Memory (4KB)
A 30 MHz, ¢
37.5 MHz, External ARM
or 40 MHz 32 16 Bus
é— PLL 100 MHz or Siv <
_l_ 85.7 MHz
X All logic blocks on the Internal
28.224 internal system bus from Peripheral
MHz MFC1000 S E— Bus External
System
48 MHp 28224 16 Memory
MHz for
for USB Modem )
e Core
Countach Bus System arm A
IPB IF
Smart
Countach Subsystem > DAA [E—D
Mono and (for Video/Scan Image IF
Color CIS/ Processing)
CCh «
Control P1284
¢ - —
Video/Scan Countach
Controller Subsystem IF
. B
Scanner In Analog | 12-bit . Video | COUNEC | apy | g pulagie US° |t
| Frontend | PADC 7 P 5o | Bus Unit | gy
IF IF
CDMAC « P 2 DMA channels
‘ SDRAMC ‘ for the ARM Bus
A A A System
16 or 8
SPI
NTSC/ External v
PAL Conexant VIP External
Signal Video Chip Local (S)DRAM
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1.3 Reference Documentation

Table 1-1. Reference Documentation

Document Number
MFC2000 Data Sheet 100505
MFC2000 Firmware Architecture 100972
MFC2000 Hardware Description (this document) 100723
MFC2000 Programmer’s Reference Manual 100971
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2. MFC2000 Summary

2.1 MFC2000 Device Family

The MFC2000 contains an internal 32-bit RISC Processor with 64-MB address space, the Countach Imaging DSP
(Conexant’'s DSP) subsystem including embedded data and program memory, and dedicated circuitry optimized
for color scanning, color faxing, color copying, color printing, and multifunctional control and monitoring. The
device family with relevant features is described in Table 2-1.

Table 2-1. MFC2000 Device Family

Device No. Product Code Data Modem Voice Codec/Speaker Smart DAA Support
Function Phone Functions
CX0720X-11 BFH Yes Yes Yes
CX0720X-12 BDH Yes No Yes
CX0720X -13 BBH No Yes Yes
CX0720X -14 BOH No No Yes
CX0720X-15 B8H No No No

2.2 MFC2000 System Block Diagram

The MFC2000 contains the ARM7TDMI RISC Processor (described separately in ARM7TDMI Manuals),
Countach Imaging DSP, Modem DSP, and specialized hardware needed for the Multifunctional machine control
and scanner and fax signal processing. The Countach Imaging DSP subsystem is on a separate data bus.
Therefore, the ARM system data bus can operate in parallel with the Countach Imaging DSP subsystem data bus
for most operations except the interaction time between two buses. The two-bus architecture is very important to
provide enough bandwidth for full color MFP products. Figure 2-1 shows the MFP2000’s two-bus architecture.
The ARM Bus System (ABS) has two mastersll ARM CPU and DMA Controller. They provide accesses to all
specialized hardware functions including the Countach Imaging DSP subsystem as a peripheral on the ARM Bus
System. ABS has several sections. The System Interface Unit (SIU) is the control center. The ARM CPU and
Cache Controller are on the Internal System Bus (ISB). The Cache Memory is on the Internal Cache Bus (ICB).
The DMA Controller is on the DMA Bus (DAB). All internal peripherals are on the Internal Peripheral Bus (IPB).
The SmartDAA/IA Interface and P80 core are on the IPB of the ARM Bus System. The ARM7TDMI runs at a
clock rate 40 MHz, 37.5 MHz, or 30 MHz. All external peripherals are on the ARM External Bus (AEB). There is a
separate bus system for the Countach Imaging DSP subsystem called Countach Bus System (CBS). There are
three sections, the Video/Scan Interface, the ARM Bus Interface, and the countach subsystem interface. The
external SDRAM/DRAM is on the Countach External Bus (CEB).
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3. Hardware Interface

3.1 Pin Description

Table 3-1. Pin Description (1 of 6)

Pin Name Pin No. 110 Input Output Pin Description
Type Type
PRTIRQN ui4 | HU5VT - (Hysteresis, Pull up) Interrupt from the external
printing ASIC (active low)
AUXCLK K20 O - 2XT3V Auxiliary clock output for using as the master clock
for external devices
A[11:0)/A[23:12] A20,B20,B19,B I{e] 5VT 3XT5VT | Address bus (12-bit), A[23:12] and A[11:0] are
18,B17,C20,C1 muxed out through same pins.
9,C18,C17,D20,
D19,D18
ALE C16 (0] - 2XT5VT | Address Latch output signal for latching A[23:12]
externally
AE[2]/GPO[14]/SSTXD2/ A19 110 D5VT 2XT5VT | (Pull down) Address bit for external ROM mux in
ROM_CONFIG[0] the ROM interleave access mode or GPO[14] or

TX data output for SSIF2 (ROM_CONFIG[0] input
during the reset period)

AO[2]/GPO[15])/SSSTAT2/RO A18 110 D5VT 2XT5VT | (Pull down) Address bit for external ROM mux in
M_CONFIG[1] the ROM interleave access mode or GPO[15] or
Status input for SSIF2 (ROM_CONFIG[1] input
during the reset period)

AE[3]/GPO[16]/ Al7 110 D5VT 2XT5VT | (Pull down) Address bit for external ROM mux in
the ROM interleave access mode or GPO[16]
CLK_CONFIG[0] (CLK_CONFIGIO0] input during the reset period)
AO[3]/GPOI[17)/ D16 110 D5VT 2XT5VT | (Pull down) Address bit for external ROM mux in
the ROM interleave access mode or GPO[17]
CLK_CONFIG[1] (CLK_CONFIG[1] input during the reset period)
D[15:0] A12,B12,C12,A I{e] 5VT 2XT5VT | Data bus (16-bit)

13,B13,C13,D1
3,A14,B14,C14,
A15,B15,C15,D

15,A16,B16

RDn D12 (@] - 3XT5VT | Read strobe (active low)

WREN/DOEEnN B9 O - AXTS5VT | Write strobe for the lower byte (active low) or
DRAM output enables selects used for non-
interleave mode and interleave modes. DOEEn is
used for reading the even address bank (active
low).

WRON/DOEON C9 (@] - AXT5VT | Write strobe for the higher byte (active low) or
DRAM output enables selects used for non-
interleave mode and interleave modes. DOEOnN is
used for reading the odd address bank (active
low).

ROMCSn D10 O - 2XT5VT | ROM chip select (active low)

CS[1]n A9 (0] - 2XT5VT | 1/O chip select (active low).

CS[0]n G18 (@] 3V 2XT3V SRAM chip select (active low) (VRTC powered)

RASN[1:0] F19,F18 (0] - 2XT3V DRAM row Address select for bank 0 and 1(active
low) (VDRAM powered)

CASOnN[1:0] E17,F20 (0] - 2XT3V DRAM column odd address selects used for non-
interleave mode and interleave mode. (VDRAM
powered)
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Table 3-1. Pin Description (2 of 6)

Pin Name Pin No. 110 Input Output Pin Description
Type Type

CASEN[1:0] E20,E19 (0] - 2XT3V DRAM column even address selects used for non-
interleave mode and interleave mode. (VDRAM
powered)

DWRn D17 O - 2XT3V DRAM write. (VDRAM powered)

DMAACK2 K19 O - 1IXT5VT | External DMA acknowledge output (channel 2).

DMAREQ2 F4 | H5VT - (Hysteresis) External DMA request input (channel
2).

FCSOn/PWM[1] D9 (@] - 2XT5VT | Flash memory chip select 0 or PWM channel 1
output

FCS1n/PWM[2] A8 (@] - 2XT5VT | Flash memory chip select 1 or PWM channel 2
output signal.

RESETn K18 I{e] HU5SVT 2XT5VT | (Hysteresis, Pull up) MFC2000 Reset input/output

XIN G20 | oscC - Crystal oscillator input pin for RTC. (VRTC
powered)

XOouT H20 (@] - osC Crystal oscillator output pin for RTC. (VRTC
powered)

PWRDWNnN H18 H3V - (Hysteresis) Indicate the loss of prime power
(result in SYSIRQ). (VRTC powered)

WPROTRN H19 (6] - 1IXT3V Write Protect during loss of VDD power. Note: The

functional logic is powered by RTC battery power,
but the output drive is powered by DRAM battery
power. (VRTC powered)

BATRSTn G17 | H3V - (Hysteresis) Battery power reset input. (VRTC
powered)
EXT_PWRDWN_SELn G19 | H3V - (Hysteresis) External power-down detector select

input (active low)(VRTC powered)

SC_START[0] V8 (@] - 1IXT3V Scanner shift gate control 0

SC_CLK1/SC_CLK2A u9 O - 1IXT3V Scanner clock.

SC_LEDCTRL[O] u7 (@] - 1IXT3V Scanner LED control 0

SC_LEDCTRLJ[1}/ Y8 (0] - 1XT3V Scanner LED control 1 or Scanner shift gate

SC_START[1] control 1

SC_LEDCTRL[2])/ w8 (@] - 1IXT3V Scanner LED control 2 or Scanner shift gate

SC_START[2] control 2

SSTXD1 J19 O - 2XT3V TX data for SSIF1

SSRXD1 H17 | HU5VT - (Hysteresis, Pull up) RX data for SSIF1

SSCLK1 J20 110 H5VT 2XT5VT | (Hysteresis) Clock input or output for SSIF1

GPIO[0]/FWRn/CLAMP J4 110 H5VT 2XT5VT | (Hysteresis) GPIO[0] or flash write enable signal
for NAND-type flash memory or scanner clamp
control output

GPIO[1)/FRDnN M3 110 H5VT 2XT5VT | (Hysteresis) GPIO[1] or flash read enable signal for
NAND-type flash memory.

GPIO[2]/DMAREQ1/ SSCLK2 V1 110 H5VT 2XT5VT | (Hysteresis) GPIO[2] or DMA channel 1 request
input or clock input/output for SSIF2.

GPIO[3]/DMAACK1/ SSRXD2 U4 I{e] H5VT 2XT5VT | (Hysteresis) GPIO[3] or DMA channel 1
acknowledge or RX data for SSIF2

GPIO[4]/CS[2]n u3 110 H5VT 2XT5VT | (Hysteresis) GPIO[4] or I/O chip select [2] (active
low)

GPIO[5)/CS[3]n/PWMI3] u2 110 H5VT 2XT5VT | (Hysteresis) GPIO[5]or I/O chip select [3] (active

low) or PWM channel 3 output
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Table 3-1. Pin Description (3 of 6)

Pin Name Pin No. 110 Input Output Pin Description
Type Type

GPIO[6]/CS[4]n/ EADC_D[3] Ul 110 H5VT 2XT5VT | (Hysteresis) GPIO[6] or I/O chip select [4] (active
low) or external ADC data [3] input

GPIO[7]/CS[5]n/ T4 110 H5VT 2XT5VT | (Hysteresis) GPIO[7] or I/O chip select [5] (active
low).

GPIO[8]/IRQ[11)/ T3 110 H5VT 2XT5VT | (Hysteresis) GPIO[8] or external interrupt [11] or

SSSTAT1/SC_CLK1/2B status input for SSIF1 or scan clock output

GPIO[9)/IRQ[13])/ EADC_D|2] T2 110 H5VT 2XT5VT | (Hysteresis) GPIO[9] or external interrupt [13] or
external ADC data [2] input

GPIO[10]/RING_DETECT/PW T1 110 H5VT 2XT5VT | (Hysteresis) GPIO[10] or ring detection input or

M[4] PWM channel 4 output

GPIO[11])/CPCIN/PWMI[OJALT R4 110 H5VT 2XT5VT | (Hysteresis) GPIO[11] or calling party control input

TONE or ALTTONE output

GPIO[12])/SASCLK/ R3 110 H5VT 2XT5VT | (Hysteresis) GPIO[12] or clock input/output for

SMPWRCTRL SASIF or Scan Motor Power Control output

GPIO[13]/SASTXD/ R2 110 H5VT 2XT5VT | (Hysteresis) GPIO[13] or TX data output for SASIF

PMPWRCTRL or Print Motor Power Control output

GPIO[14]/SASRXD/ RINGER R1 110 H5VT 2XT5VT | (Hysteresis) GPIO[14] or RX data input for SASIF
or ringer output

GPIO[15)/IRQ[16]/ P4 110 H5VT 2XT5VT | (Hysteresis) GPIO[15] or external interrupt [16] or

SC_CLK1/2C scan clock output

GPIO[16])/M_TXSIN P3 110 H5VT 2XT5VT | (Hysteresis) GPIO[16] or internal modem

GPIO[17])/M_CLKIN P2 110 H5VT 2XT5VT | (Hysteresis) GPIO[17] or internal modem

GPIO[18]/M_RXOUT P1 110 H5VT 2XT5VT | (Hysteresis) GPIO[18] or internal modem

GPIO[19]/M_SCK/MIRQnN N4 110 H5VT 2XT5VT | (Hysteresis) GPIO[19] or internal modem or
external modem interrupt input

GPIO[20])/M_STROBE/ MCSn N3 110 H5VT 2XT5VT | (Hysteresis) GPIO[20] or internal modem or
external modem chip select

GPIO[21]/M_CNTRL_SIN N2 110 H5VT 2XT5VT | (Hysteresis) GPIO[21] or internal modem

GPIO[22]/EADC_Sample N1 110 H5VT 2XT5VT | (Hysteresis) GPIO[22] or external ADC sample
signal output

SM[3:0)/ V7,W7,Y7,U6 (0] - 1XT3V Scan motor control [3:0] pins or GPO[7:4] pins.

GPOI[7:4]

PM[O0)/SPI_SID/ us 110 5VT 1IXT5VT | Print motor control [0] output or GPO[O] output or

EADC_D[0])/GPO[0] data output for SPI or external ADC data [0] input

PM[1])/SPI_SIC/ W9 110 5VT 1IXT5VT | Print motor control [1] output or GPO[1] output or

EADC_D[1]/GPO[1] clock output for SPI or external ADC data [1] input

PM[2]/SMIO/GPOI2] Y9 (0] - 1XT3V Print motor control [2] output or GPO[2] output or
scan motor current control 0.

PM[3]/SMI1/GPOI3] Y12 (0] - 2XT3V Print motor control [3] output or GPO[3] output or
scan motor current control 1.

TONE V9 110 H5VT 1IXT5VT | (Hysteresis) Tone output signal.

PIODIR C1 O - 2XT3V PIOD[7:0] is output when PIODIR is high and
PIOD[7:0] is input when PIODIR is low.

STROBEnN A2 | H5VT - (Hysteresis) Input from PC (active low)

AUTOFDN G3 | H5VT - (Hysteresis) Input from PC (active low)

SLCTINN G2 | H5VT - (Hysteresis) Input from PC (active low)

INITn Gl | H5VT - (Hysteresis) Input from PC (active low)

BUSY Al (6] - 2XT3V PIO Returned status to PC

ACKn D3 (@] - 2XT3V P10 Returned status to PC (active low)
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Table 3-1. Pin Description (4 of 6)

Pin Name Pin No. 110 Input Output Pin Description
Type Type

SLCTOUT C3 (0] - 2XT3V PIO Returned status to PC

PE B2 (0] - 2XT3V PIO Returned status to PC

FAULTn B1 O - 2XT3V P10 Returned status to PC (active low)

PIODI[7:0] D2,D1,C2,H4,H 110 H5VT 2XT5VT | (Hysteresis) Driven by PC or MFC2000 and used

3,H2,H1,G4 to send data or address depending on which mode
is used

TESTER_MODE J2 | HD5VT - (Hysteresis) For test only, It must be ‘low’ for the
normal operation

ADCREFp Y3 | Positive reference voltage for the scan PADC

ADCREFN Y2 | Negative reference voltage for the scan PADC

POWER1 Y1 | Voltage input for power-down detection circuit 1

POWER2 w4 | Voltage input for power-down detection circuit 2

ADGA Y5 - Scan PADC analog ground

ADVA V5 - Scan PADC analog Power

ADGD us - Scan PADC digital ground

SDAA_SPKR V12 (@] Analog telephone line monitoring output from SSD

ADCV Y4 - Scan PADC internal ground

SCIN W5 | Analog scan input signal

SENIN[2:0] V6,W6,Y6 | Analog sensor inputs for TADC

TCK w3 | HD5VT - (Hysteresis, Pull down) Test clock input for JTAG.
It is positive edge-triggered.

T™MS W2 | HU5VT - (Hysteresis, Pull up) Test mode select input for
JTAG. Selects the next state in the TAP state
machine.

TRSTn w1 HD5VT - (Hysteresis, Pull down) Suggestion by Lauterbach

for JTAG: connect this signal to RESETn in normal
mode and disconnect in debug mode.

TDI V4 | HU5VT - (Hysteresis, Pull up) Test data input for JTAG.
Serial data input to the JTAG shift register.

TDO V3 O - 1XT5VT | Test data output for JTAG. Serial data output from
the JTAG shift register.

TEST V2 | HD5VT - (Hysteresis, Pull down) For test only, It must be
‘low’ for the normal operation.

SCANMOD Jl | HD5VT - (Hysteresis, Pull down) For the scan test only, It
must be ‘low’ for normal operations.

P80_SEL J3 | H3V - P80 DSP test and DFT scan mode select, This pin
is only used for the test mode.

PLLREF_XIN Y15 | osC - Crystal input pin for PLL

PLLREF_XOUT w15 (@] - osC Crystal output pin for PLL

PLLVDD u15 - +3.3V digital power for PLL

PLLVSS ui16 - +3.3V digital ground for PLL

SDDATA[15:0] N20,P17,P18,P I{e] 5VT 2XT5VT | Countach (S)DRAM data bus (16 bits)

19,P20,R17,R1
8,R19,R20,T17,
T18,T19,T20,Ul
7,U18,U19
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Table 3-1. Pin Description (5 of 6)

Pin Name Pin No. 110 Input Output Pin Description
Type Type

SDADDR[12:0] V20,W20,Y20, o - 2XT3V Countach (S)DRAM address bus (13 pins)

W19,Y19,W18,

Y18,W17,Y17V

16,W16,Y16,V1

5
SDCASNh u20 O - 2XT3V Countach (S)DRAM column address strobe (active

low)
SDRASN V19 o - 2XT3V Countach (S)DRAM row address strobe (active
low)

SDWRn V18 (@] - 2XT3V Countach (S)DRAM write strobe (active low)
SDCSn V17 O - 2XT3V Countach (S)DRAM chip select
SDCLK100MHz M19 O 5VT 2XT5VT | Countach (S)DRAM clock
USB_Dp B8 110 Positive data input/output pin for USB
USB_Dn c8 110 Negative data input/output pin for USB
SDAA_PWRCLK El 110 Positive power/clock output from SSD
SDAA_PWRCLKn E2 110 Negative power/clock output from SSD
SDAA_DIBp E4 110 Positive data input/output pin for SDAA
SDAA_DIBn E3 110 Negative data input/output pin for SDAA
EV_VD[OJ/EADC_D[4])/ MREQn | W12 110 3V 2XT3V External video data [0] input for VIP or external

ADC data [4] input or Memory Request (active
low)-indicates that the following cycle is a memory

access.

EV_VD[1]J/JEADC_D[5] ui12 110 3V 2XT3V External video data [1] input for VIP or external
ADC data [5] input

EV_VD[2]/EADC_DI[6]/ OPCn Y13 110 3V 2XT3V External video data [2] input for VIP or external

ADC data [6] input or Op Code fetch (active low)-
LOW indicates that the processor is fetching an
instruction from memory.

EV_VD[3]/EADC_DI[7] W13 110 3V 2XT3V External video data [3] input for VIP or external
ADC data [7] input
EV_VD[4]/EADC_DI[8]/ MAS[0] | U13 110 3V 2XT3V External video data [4] input for VIP or external

ADC data [8] input or Memory access size
MAS[1:0]: 00 - byte, 01 - halfword, 10 - word, 11 -
Reserved during the normal operation

EV_VD[5)/EADC_DI[9]/ MAS[1] | Y14 110 3V 2XT3V External video data [5] input for VIP or external
ADC data [9] input or Memory access size
MAS[1:0]: 00 - byte, 01 - halfword, 10 - word, 11 -
Reserved during the normal operation

EV_VDI[6)/EADC_DJ[10] w14 110 3V 2XT3V External video data [6] input for VIP or external
ADC data [10] input

EV_VD[7)//EADC_D11}/ V14 110 3V 2XT3V External video data [7] input for VIP or external

ABORT ADC data [11] input or aborted bus cycle-the
address selected is outside of CS’s address
ranges.

EV_CLK V13 | H3V - (Hysteresis) External video clock input

W_Rn N19 O D5VT 2XT5VT | (Pull down) The bus access is a read operation
when W_Rn is LOW and write when W_Rn is
HIGH.

XAKn N18 (@] UsvT 2XT5VT | (Pull up) SIU Transaction Acknowledge. The
D[15:0] data will be transferred during this MCLK
cycle.
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Table 3-1. Pin Description (6 of 6)

Pin Name Pin No. 110 Input Output Pin Description
Type Type
DMACYC/ CLK_CONFIG[2] M18 110 UsvT 2XT5VT | (Pull up) DMA Cycle-the DMA logic has control of
the external bus. (CLK_CONFIG[2] input during the
reset period)
WAITn Ji7 O usvT 2XT5VT | (Pull up) Wait (active low)-reflects the wait states
being used by the ARM processor.
CACHEHIT/ Ji8s 110 usvT 2XT5VT [ (Pull up) Cache hit-the ARM is retrieving data from
JTAG_MODE_SEL the cache memory (JTAG_MODE_SEL during the
reset period, “1" — ARM JTAG selected
SEQ N17 O D5VT 2XT5VT | (Pull down) Sequential Address Access. (Used
with nMREQ to indicate memory access type. Only
required if using co-processor cycles)
SSD_DIBRX F3 (@] Internal test pin. Leave it open.
TX_DATA F2 (0] Internal test pin. Leave it open.
SDAA_GPIO_INT F1 (0] Internal test pin. Leave it open.
VSS L1,L2,L3,L4,U1 - Digital ground (16 pins)
0,v10,w10,Y10,
L17,0L18,L19,L2
0,A11,B11,C11,
D11
VDD A10,B10,C10,K - +3.3V digital power (13 pins)
1,K2,K3,K4,U11
,V11,wW11,Y11,
K17,M20
P80OVSS M1 - Digital ground for P80 DSP
P80VDD M2 - +3.3V digital power for P80 DSP
VGG1 M17 - +5V Power for the +5V tolerant pads
VGG2 D14 - +5V Power for the +5V tolerant pads
VGG3 D5 - +5V Power for the +5V tolerant pads
VGG4 M4 - +5V Power for the +5V tolerant pads
VDRAM E18 - Battery Power for DRAM refresh.
VRTC F17 - Battery Power for RTC
(NC) A3,B3,A4,B4,C4 - 18 RESERVED pins
,D4,A5,B5,C5,A
6,86,C6,D6,A7,
B7,C7,D7,D8
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3.2 Maximum Ratings

Table 3-2. Maximum Ratings

Parameter Symbol Limits Unit
VDD Digital Power VDD -0.5 to +4.6 \Y
Battery Power VRTC -0.5t0 +4.6 \%
VDRAM -0.5t0 +4.6 \%
VGG Digital Power VGG -0.5t0 +6.0 Vv
Digital GND GND -0.5t0 +0.5 \%
Digital Input (3V) VI -0.5to0 +4.6 \Y,
Digital Input (5VT) VI -0.5to0 +6.0 \Y,
Operating Temperature Range T 0 to 70 °c
(Commercial)
Storage Temperature Range Tstg -40 to 80 °c
Voltage Applied to Outputs
in High Z State (3V) VHz -0.5 to 4.6 \%
Voltage Applied to Outputs
in High Z State (5VT) VHz -0.5 to 6.0 V
Static Discharge Voltage
(25°C) ESD +2500 \Y;
Latch-up Current ( 25°C) Itrig +400 mA

100723A

Conexant
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3.3 Electrical Characteristics

Table 3-3. Digital Input Characteristics

Symbol Description VIL VIH Hysteresis Pullup/Pulldown
Resistance
(V min.) (V max.) (V min.) (V max.) (V min.) (K ohms)
3V 3V CMOS input 0 0.8 2.0 VDD - -
usv 3V CMOS input 0 0.8 2.0 VDD - 50-200
w/pullup
H3V 3V CMOS input 0 0.3*vDD 0.7*vDD VDD 5 -
w/hysteresis
HD3V 3V CMOS input 0 0.3*VDD 0.7*vDD VDD 5 -
w/hysteresis and pull
down
HU3V 3V CMOS input 0 0.3*vDD 0.7*vDD VDD 5 50-200
w/hysteresis and pullup
H5VT 5V tolerant CMOS 0 0.3*vDD 0.7*vDD 5.25 3 -
input w/hysteresis
usvT 5V tolerant CMOS 0 0.3*VDD 0.7*vDD 5.25 - 50-200
input w/pullup
D5VT 5V tolerant CMOS 0 0.3*VDD 0.7*vDD 5.25 - 50-200
input w/pulldown
HU5SVT 5V tolerant CMOS 0 0.3*VDD 0.7*vDD 5.25 3 50-200
input w/hysteresis and
pullup
HD5VT 5V tolerant CMOS 0 0.3*VDD 0.7*vDD 5.25 3 50-200
input w/hysteresis and
pulldown
5VT 5V tolerant CMOS 0 0.8 2.0 5.25 - -
input
OSsC** 3V CMOS input 0 0.3*vDD 0.7*vDD VDD - -
** These parameters can only be tested under low speed XIN clock.
Table 3-4. Output Characteristics
Output Type Description VOL I0L VOH IOH CL
(V max) (mA) (V min) (mA) (pF)
1X3V 1X CMOS Output, 3V 0.4 -2.0 2.4 2.0
1IX5VT 1X CMOS Output, 5V tolerant 0.4 -2.0 2.4 2.0
IXT5VT 1X CMOS Output, tristatable, 5V tolerant 0.4 -2.0 2.4 2.0
2X3V 2X CMOS Output, 3V 0.4 -4.0 2.4 4.0
2XT3V 2X CMOS output, tristatable, 3V 0.4 -4.0 2.4 4.0
2X5VT 2X CMOS output, 5V tolerant 0.4 -4.0 2.4 4.0
2XT5VT 2X CMOS output, tristatable, 5V tolerant 0.4 -4.0 2.4 4.0
3XT3V 3X CMOS output, 3V 0.4 -8.0 2.4 8.0
3XT5VT 3X CMOS output, tristatable, 5V tolerant 0.4 -8.0 2.4 8.0
AXTSVT 4X CMOS output, tristatable, 5V tolerant 0.4 -12.0 2.4 12.0
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Table 3-5. Power Supply Requirements

Symbol Description Operating Voltage Current*
Min. Max. Typ. @ 25 °C(mA) Max.@ 0°C
) V) (mA)
VGG Digital Power for 5VT 4,75 5.25
VDD Digital Power 3.0 3.6
GND Digital GND 0 0
IDD Total Digital Current (TBD) (TBD)
VBAT Battery Power 2.7 3.6
VDRAM Battery Power 2.7 3.6
Note: * Maximum power supply current is measured at 3.6V.
Table 3-6. Battery Power Supply Current Requirements
Operating Voltage VBAT VDRAM
N Typ.@25°C Max.@70°C Typ.@25°C Max.@70°C
(a) (Ha) (Ha) (Ha)
2.7 4 thd 100 tbd
3.0 tbd thd tbd tbd
3.3 6 tbd tbd tbd
3.6 tbd thd tbd tbd

Note: Battery power supply current is measured when a 32KHz crystal is used. The DRAM battery currents that are listed are
somewhat dependent on the type of DRAM used. This particular configuration had 1 interleaved DRAM bank in backup mode.

100723A
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3.4 Pin Layout
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4. CPU and Bus Interface
4.1 Memory Map and Chip Select Description

4.1.1 Memory Map

The ARM7TDMI Core is capable of directly accessing 4 GB of memory (A31-A0). The MFC2000 is designed to
directly access 64-MB of memory composed of internal and external memory spaces by means of the 26-bit
system address bus (A25-A0). The MFC2000 internally decodes address range 00000000H-03FFFFFFH (64 M).
Address range 01000000H-01FFFFFFH (16 M) is arranged for the internal registers/memory and external
Countach Imaging DSP Subsystem memory. Address range 00000000H-00FFFFFFH (16 M) and Address range
02000000H-03FFFFFFH (32 M) are arranged for the external device/memory use on the ARM Bus. Only

24 address lines (A23-A0) are brought out of the MFC2000 chip, and the lower half and the higher half are
multiplexed through the same 12 pins. The 16 MB address range (maximum) can be decoded externally, if
necessary. Figure 4-1 and Figure 4-2 show the MFC2000 memory map with memory type designations and
locations and provides memory segmentation into select signal ranges.

4.1.1.1 Internal Memory Space
The MFC2000 internal memory occupies 128 kB of the address range from 01FE0000h through 01FFFFFh).

Internal memory space includes the following:

Cache memory space (64 kB) (O1FEO00ON-01FEFFFFh)
(Reserved space) (32 kB) (0O1FFO0000h-01FF7FFFh)
Internal register space (4 kB) (O1FF8000h-01FF8FFFh)
Internal RAM space (28 kB) (0O1FF9000h-01FFFFFFh)

The cache memory space includes the following:

1. The cache memory (4096 bytes) (01FEO000h-01FEOFFFh)
2. The Tag memory (4096 bytes) (0O1FE1000h-01FE1FFFh)
3. (Reserved) (56 kB) (01FE2000h-01FEFFFFh)

The internal register address range consists of 3 sections:

1. The first (lowest) section (01FF8000h to 01FF87FFh, 2 kB), is reserved for operational registers, i.e., those
that are modified during normal operation, but which are not intended to require firmware initialization after
reset.

2. The second section (01FF8800h to 01FF8DFFh, 1.5 kB) contains the setup registers, i.e., those that are
generally written only once for system initialization after reset.

3. The third section (01FF8E00N to 01FF8FFFh, 512 bytes) is reserved for testing purposes.

Note: Allinternal register accesses are two CPUCLK-cycle operations.
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The internal RAM space includes the following:

1.

Bit rotation RAM area
Bit rotation RAM: 512 halfwords (1 kB)
(Reserved) (3072 bytes)

Countach Subsystem memory area

(01FF9000h-01FF93FFh)
(01FF9400h-01FF9FFFh)

Countach Scratch Pad (512 bytes) (256 halfwords)(01FFA000h-01FFA1FFh)

Countach Data DMA Channel 0 (1 halfword)
Countach Data DMA Channel 1 (1 halfword)
Countach Data DMA Channel 2 (1 halfword)
Countach Data DMA Channel 3 (1 halfword)
Reserved (344 bytes)

Countach Program DMA Address (5 bytes)
Reserved (155 bytes)

VSI Buffer (256 bytes) (2x64 halfwords)
(Reserved) (23296 bytes)

(01FFA200h-01FFA201h)
(01FFA202h-01FFA203h)
(01FFA204h-01FFA205h)
(01FFA206h-01FFA207h)
(01FFA208h-01FFA35Fh)
(01FFA360h-01FFA364h)
(O1FFA365h-01FFA3FFh)

(01FFA400h-01FFA4FFh)
(01FFA500h-01FFFFFFh)

4.1.1.2 External Countach Imaging DSP Subsystem Memory Space

The external memory space (8 MB) is allocated to the external DRAM/SDRAM on the Countach Imaging DSP
Bus Subsystem.

Countach Imaging DSP Subsystem SDRAM/DRAM (8 M) (01000000h-017FFFFFh)

4-2
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4.1.1.3 External Memory Space

The external memory space (up to 48 M) consists of ROM, DRAM/ARAM, Flash memory, SRAM, modem, and

variable-use spaces with assigned chip selects. Most external chip selects have programmable address ranges,

start locations, wait states, and read and write strobe timing. SRAM and DRAM/ARAM chip select controls are

battery-backed up. Refer to Figure 4-1 for the MFC2000 memory map and to Figure 4-2 for the internal memory

map.
External memory spaces include the following:

ROMCSn, ROM (4 M)

CSb5n, general (4 M)

FCSOn, NOR type Flash memory (2 M)
FCS1n, NOR type Flash memory (2 M)
Address location for generating FWRn and
FRDn for the NAND type Flash memory
(Reserved)

MCSn, modem (128 K)

P80_CSn

SDAA_CSn

CS4n, optional general (128 K)

CS3n, optional general (128 K)

CS2n, optional general (512 K)

CS1n, general (1 M)

CSO0n, SRAM or general (2 M)

SDRAM (For internal and Countach Imaging DSP
Subsystem) (16 M)

RASOn, DRAM or ARAM (16 M)

RAS1n, DRAM or ARAM (16 M)

(00000000h-003FFFFFh)
(00400000h-007FFFFFh)
(00800000h-009FFFFFh)
(00A00000h-00BFFFFFh)

(00C00000h-00C0003Fh)
(00C00002h-00C1FFFFh)
(00C20000h-00C2FFFFh)
(00C30000h - 00C37FFFh)

(00C38000h - 00C3FFFFh)
(00C40000h-00C5FFFFh)

(00C60000h-00C7FFFFh)
(00C80000h-00CFFFFFh)
(00D00000h-00DFFFFFh)
(OOE00000h-00FFFFFFh)

(01000000h-01FFFFFFh)
(02000000h-02FFFFFFh)
(03000000h-03FFFFFFh)

100723A Conexant

4-3



MFC2000 Multifunctional Peripheral Controller 2000 Hardware Description

Table 4-1. Fixed-Location and Size Chip Selects

Chip Select Device
ROMCSn ROM
FCS1n/FCSONn NAND- or NOR-type Flash Memory
CSOn SRAM, or other
CS1n (Optional) General Use
Optional MCSn (Optional) External Fax Modem (optional)
CS2n I/O Devices, or other
CS3n (Optional) General Use
CS4n (Optional0 General Use
CS5n 4 MB ROM, SRAM, or other

DRAM/ARAM chip selects can also be programmed to 1 of 4 sizes (from 512 k to 16 M).
ROM Chip Select (ROMCSn)

ROMCSn selects external ROM located in 4-MB address space 00000000h-003FFFFFh, and is active for read
and write accesses. The ROMCitrl register can be used to select 0 to 7 (default) wait states, and 0 or 1 (default)
read and write strobe on delays. For customers that choose to use NOR-type flash memory in the ROM address
area, the write operation is also allowed in the ROM address area.

Chip Select 5 (CS5n)

CSb5n is an active Read/Write select signal for the 4 MB address range (00400000h to 007FFFFFh) directly below
the ROMCSn address range. The CS5Ctrl register can be used to select 0 to 7 (default) wait states, and 0 or 1
(default) read and write strobe on delays. GPIO[7] (default) can be configured as CS5n using the GPIO[7]/CS5n
bit of the GPIOConfig register.

SRAM Chip Select 0 (CS0n)

CSOn is designed for use in selecting external SRAM, but can also be used for other purposes. It has 2 MB
address range (OOEO0000h to O0OFFFFFFh). The CSOn can also be programmed for O (default) to 7 wait states, 0
(default) or 1 read and write strobe on delays, and normal (default) or early write strobe off times using the
CSOCitrl register.

DRAM Chip Select (RASN[1:0], CASOn[1:0] and CASEN[1:0])

DRAM address space can be selected in 2 separate memory blocks (Bank 0: RASn[0] and Bank 1: RASn[1]).
Separate control bits are provided in the Backup Configuration register to enable and disable each of the memory
banks (Default: BankO is enabled and 8-bit DRAM is selected). Non-interleaved DRAM accesses and 2-way
interleaved DRAM accesses are supported. CASOnN[1:0] and CASEN[1:0] are used differently for different access
modes. RASnh is asserted before CASn for normal read and write operations. Also, RAS can be kept active and
CASn is toggled to do burst mode operations. CASn-Before-RASN refresh mode is the only refresh mode for
MFC2K (For more DRAM information, see the DRAM Controller section.)

The address ranges of the two memory banks (RASOn and RAS1n) are continuous around the midpoint of the
DRAM memory bank. The RASN[1] starting address is 03000000h and grows larger based on the size of the
memory. The end of the RASN[0] bank ends at 03000000h and grows smaller from that point. Each bank has
separate configuration controls. The memory range is programmed through the address multiplexer selections for
bank 0 and bank 1 in the DRAMCItr register.
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Flash Memory Chip Selects (FCS1n and FCS2n)

FCSOn and FCS1n are multiplexed with PWM[1] and PWM[2] and output through FCSOn/PWM[1] and
FCS1n/PWM[2] pins. After reset, the Flash disable bit (bit 0) of the FlashCtrl register is 0 and the FCSOn/PWM[1]
and FCS1n/PWMJ2] pins are used as FCSOn and FCS1n. FCSOn and FCS1n can access either NOR-type
(default) or NAND-type flash memory, selectable with the NANDFlashEnb bit (bit 6) of the FlashCtrl register.
When enabled for NOR-type flash memory (default), FCS1n can be activated by accessing the 2-MB
(OOA00000h-00BFFFFFh) flash memory address area. FCSOn can be activated by accessing the 2-MB
(00800000h - 009FFFFFh) flash memory address area. Firmware controls the flash memory access block size. If
enabled for NAND-type flash memory, FCSOn and FCS1n revert to the GPO function and output bit 9 and bit 8
values of the FlashCitrl register . 0 to 7 (default) wait states and normal (default) or early off of the write strobe can
be chosen using the FlashCtrl register described in the SIU section.

Modem Chip Select (MCSn)

The 128 kB address space from 00C20000h to 00C2FFFFh is reserved for the external modem and selected with |
MCShn. It is muxed with the M_STROBE signal of the modem IA on the pin. M_STROBE is usually used to

interface the embedded DSP to the external modem IA if the embedded V.34 modem DSP is used. MCSn can be
selected and muxed out for the external modem if the embedded modem DSP is not used. MCSn can be
programmed for O to 7 (default) wait states, O (default) or 1 read and write strobe on delays, and normal (default)

or early write strobe off times using the MCSCitrl register.

P80 Chip Select (P80_CSn)

Address space form 00C3000 to 00C7FFF has been reserved for the P80 functions.
Smart Data Access Arraighment (SDAA_CSn)

Address space form 00C3800 to 00CFFFF has been reserved for the SDAA functions.

4.1.1.4 External I/O Chip Selects

Chip Select [2] (CS2n)

The 512 kB address space from 00C80000h to 00CFFFFFh is selected using the external 1/O chip selects CS2n.
GPIO[4] (default) can be configured as CS2n using the GPIO[4]/CS2n bit of the GPIOConfig register. CS2n can
be programmed for O (default) to 7 wait states, 0 (default) to 3 read and write strobe delays, and normal (default)
or early write strobe off times using the CS2Ctrl register.

Chip Select [4:3] (CS4n-CS3n)(optional)

The 256 kB address space from 00C40000h to 00C7FFFFh can optionally be selected using the two external 1/0
chip selects CS4n and CS3n. These chip selects are configured identically to CS2n.

GPIO[6] (default) can be configured as CS4n using the GPIO[6]/CS4n bit of the GPIOConfig register. Likewise,
GPIO[5] (default) can be configured as CS3n by using the GPIO[5]/CS3n bit in the GPIOconfigl register.

The top 128 kB (00C40000h to 00C5FFFFh) are addressed by CS4n. CS4n is active for read-access only
(internally gated with the read strobe) when the CS4nReadOnly bit (bit 8) of the SIUConfig register is 1. CS4n is
active for both read and write access when the CS4nReadOnly bit (bit 8) of the SIUConfig register is 0. The next
128 kB (00C60000h to 00C7FFFFh) is addressed by CS3n. CS3n is active for write-access only (internally gated
with the write even strobe) when the CS3nWriteOnly bit (bit 7) of the SIUConfig register is 1. If the external I/O
device using CS3n is a 16-bit device, 16-bit access must be done. No high-byte or low-byte access can be done.
CS3n is active for both read and write access when the CS3nWriteOnly bit (bit 7) of the SIUConfig register is 0.

Chip Select 1 (CS1n)
The next address range below those of CS4n-CS2n is the 1-MB range (00D00000h to 00DFFFFFh) selected by

CS1n. CSl1n can be programmed for O (default) to 7 wait states, 0 (default) to 3 read and write strobe delays, and
normal (default) or early write strobe off times using the CS1Citrl register.
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Figure 4-1. MFC2000 Memory Map
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Figure 4-2. MFC2000 Internal Memory Map
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4.1.2 Register Map

Table 4-2. Operation Register Map (1 of 9)

Operation registers are located from 01FF8000H to 01FF87FFH.

Address Register Name Block Name R, DR (Dummy Read),
W, DW (Dummy Write)
01FF8000-01 TADCCtrl TADC RIW
01FF8002-03 TADClInsData TADC R
01FF8004-05 TADCChOData TADC R
01FF8006-07 TADCChlData TADC R
01FF8008-09 TADCCh2Data TADC R
01FF800A-1F (Not Used) 0 0
01FF8020-21 IRQFIQEventl Interrupt Controller R
01FF8022-23 IRQFIQEvent2 Interrupt Controller R(Bit[6:2], Bit[0]) R/W(Bit[1])
01FF8024-25 IRQEnNablel Interrupt Controller R/W
01FF8026-27 IRQEnNable2 Interrupt Controller R/W
01FF8028-29 FIQEnablel Interrupt Controller R/W
01FF802A-2B FIQEnable2 Interrupt Controller R/W
01FF802C-2D EIRQConfigClr Interrupt Controller R/W
01FF802E-2F IRQTimerl Interrupt Controller R/W
01FF8030-31 IRQTimer2 Interrupt Controller R/W
01FF8032-3F (Not Used) 0 0
01FF8040 WatchdogEnRetrigger Watchdog Timer w
01FF8042 Watchdoglnterval Watchdog Timer R/W
01FF8044 HWVersion Watchdog Timer R
01FF8046 ProductCode Watchdog Timer R
01FF8048-4B (Not Used) 0 0
01FF804C-4D SSCurTimerl Scan/Print Motor Controller R/W
01FF804E-4F SSCurTimer2 Scan/Print Motor Controller R/IW
01FF8050-51 SStepCtrl Scan/Print Motor Controller R/W
01FF8052-53 SStepTimer Scan/Print Motor Controller R/W
01FF8054-55 SSDelayTimer Scan/Print Motor Controller R/W
01FF8056-57 SMPattern/GPO Scan/Print Motor Controller R/IW
01FF8058-59 VPStepCtrl Scan/Print Motor Controller R/W
01FF805A-5B VPStepTimer Scan/Print Motor Controller R/W
01FF805C-5D VPMPattern/GPO Scan/Print Motor Controller R/IW
01FF805E-5F (Not Used) 0 0
01FF8060-61 RotCtrl Bit Rotation Block R/W
01FF8062-63 RotPackeddata Bit Rotation Block R/IW
01FF8064-67 (Not Used) O g
01FF8069-6B TotalBinDatCntr Bi-level Resolution Conversion R
01FF806C-6D FirstBlkDatCnt Bi-level Resolution Conversion R
01FF806E-6F LastBlkDatCnt Bi-level Resolution Conversion R
01FF8070-71 BiRCInFIFOO Bi-level Resolution Conversion R/W

Conexant
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Table 4-2. Operation Register Map (2 of 9)

Address

Register Name

Block Name

R, DR (Dummy Read),
W, DW (Dummy Write)

01FF8072-73 BiRCInFIFO1 Bi-level Resolution Conversion R/IW
01FF8074-75 BiRCInFIFO2 Bi-level Resolution Conversion R/IW
01FF8076-77 BiRCInFIFO3 Bi-level Resolution Conversion R/IW
01FF8078-79 BiRCInHold Bi-level Resolution Conversion R/W
01FF807A-7B BiRCInFIFOCtrl Bi-level Resolution Conversion R/W
01FF807C-7D BiResConRatio Bi-level Resolution Conversion R/IW
01FF807E-7F BiResConCtrl Bi-level Resolution Conversion R/IW
01FF8080-81 BiRCOutFIFOO0 Bi-level Resolution Conversion R/W
01FF8082-83 BiRCOutFIFO1 Bi-level Resolution Conversion R/IW
01FF8084-85 BiRCOutFIFO2 Bi-level Resolution Conversion R/IW
01FF8086-87 BiRCOutFIFO3 Bi-level Resolution Conversion R/W
01FF8088-89 BiRCOutHold Bi-level Resolution Conversion R/W
01FF808A-8B BIRCOutFIFOCtrl Bi-level Resolution Conversion R/W
01FF808C-8D SinglingMask Bi-level Resolution Conversion R/IW
01FF808E-8F HSZeroNo Bi-level Resolution Conversion R/W
01FF8090-1 Sec_Min Battery RTC R(bit[7]), R/IDW/(bit[5:0])
R(bit[15]), R/DW/(bit[13:8])
01FF8092-3 Hour_Day Battery RTC R(bit[7]), R/DW(bit[4:0])
R(bit[15]), R/DW(bit[12:8])
01FF8094-5 Month_Year Battery RTC R(bit[7]), R/DW(bit[3:0])
R(bit[15]), R/DW(bit[12:8])
01FF8096-7 RTCCtrl Battery RTC DR/DW
01FF8098-9 BackupConfig Battery RTC R/W
01FF809A-F (Not Used) 0 0
01FF80A0-1 LockEnb Prime Power Reset Logic Dw
01FF80A2-7 (Not Used) O O
01FF80A8-9 CPCThreshold CPC Logic RIW
01FF80AA-B CPCstatCtrl CPC Logic R/W
01FF80AC-F (Not Used) 0 0
01FF80BO-1 ToneGenF1 ToneGen Block R/W
01FF80B2-3 ALTToneGen ToneGen Block R/W
01FF80B4-5 BellCtrl Bell Ringer R/W
01FF80B6-7 BellPeriod Bell Ringer R/W
01FF80B8-9 BellPhase Bell Ringer R/W
01FF80BA-B ToneGenF2 ToneGen Block R/IW
01FF80BC-D ToneGenSwitch ToneGen Block R/IW
01FF80BE-F ToneGenTotal ToneGen Block R/W
01FF80CO0-C1 PWMChOCtrl PWM Logic R/W
01FF80C2-C3 PWMCh1Ctrl PWM Logic RIW
01FF80C4-C5 PWMCh2Ctrl PWM Logic RIW
01FF80C6-C7 PWMCh3Ctrl PWM Logic R/W
100723A Conexant 4-9



MFC2000 Multifunctional Peripheral Controller 2000

Hardware Description

Table 4-2. Operation Register Map (3 of 9)

Address Register Name Block Name R, DR (Dummy Read),
W, DW (Dummy Write)
01FF80C8-C9 PWMCh4Ctrl PWM Logic R/W
01FF80CA-CF (Not Used) a O
01FF80DO0-DF (Not Used) O g
01FF80EO-EF (Reserved) O O
01FF80F0-1 SASCmd SASIF R/W
01FF80F2-3 SASData SASIF R/W
01FF80F4-5 SASDiv SASIF R/W
01FF80F6-7 (Not Used) O O
01FF80F8-9 SASIRQSTS SASIF R/W
01FF80FA-FF (Not Used) 0 O
01FF8100 SSCmd SSIF R/W
01FF8102 SSData SSIF R/W
01FF8104 SSDiv SSIF R/W
01FF8106-07 (Not Used) O O
01FF8108-09 SSCmd2 SSIF2 R/W
01FF810A-0B SSData2 SSIF2 R/W
01FF810C-0D SSDiv2 SSIF2 R/W
01FF810E-0F (Not Used) 0 O
01FF8110-11 T4DataFIFOO T4/T6 Block R/W
01FF8112-13 T4DataFIFO1 T4/T6 Block R/W
01FF8114-15 T4DataFIFO2 T4/T6 Block R/W
01FF8116-17 T4DataFIFO3 T4/T6 Block R/W
01FF8118-19 T4DataHold T4/T6 Block R/W
01FF811A-1B T4DataFIFOCtrl T4/T6 Block R/W
01FF811C-1D T4DataPort T4/T6 Block R/W
O1FF811E-1F T4DataPortTfr T4/T6 Block R/W
01FF8120-4F (Not Used) 0 O
01FF8150-51 T4RefDataFIFOO T4/T6 Block R/W
01FF8152-53 T4RefDataFIFO1 T4/T6 Block R/W
01FF8154-55 T4RefDataFIFO2 T4/T6 Block R/W
01FF8156-57 T4RefDataFIFO3 T4/T6 Block R/W
01FF8158-59 T4RefDataHold T4/T6 Block R/W
01FF815A-5B T4RefDataFIFOCtrl T4/T6 Block R/W
01FF815C-5D T4RefDataPort T4/T6 Block R/W
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Hardware Description

MFC 2000 Multifunctional Peripheral Controller 2000

Table 4-2. Operation Register Map (4 of 9)

Address Register Name Block Name R, DR (Dummy Read),
W, DW (Dummy Write)

01FF815E-5F T4RefDataPortTfr T4/T6 Block R/W
01FF8160-61 T4CurDataFIFOO0 T4/T6 Block R/W
01FF8162-63 T4CurDataFIFO1 T4/T6 Block R/W
01FF8164-65 T4CurDataFIFO2 T4/T6 Block R/W
01FF8166-67 T4CurDataFIFO3 T4/T6 Block R/W
01FF8168-69 T4CurDataHold T4/T6 Block R/W
01FF816A-6B T4CurDataFIFOCtrl T4/T6 Block R/W
01FF816C-6D T4CurDataPort T4/T6 Block R/W
01FF816E-6F TACurDataPortTfr T4/T6 Block R/W
01FF8170-71 T4Config T4/T6 Block R/W
01FF8172-73 T4Control T4/T6 Block R/W
01FF8174-75 T4 Status T4/T6 Block R
01FF8176-77 T4IntMask T4/T6 Block R/W
01FF8178-79 T4Bytes T4/T6 Block R/W
01FF817A-7B TA4FIFOBItRem T4/T6 Block R/W
01FF817C-7F (Not Used) a O
01FF8180-81 (Not Used) O g
01FF8182-83 DMA1Config DMA Controller R/W
01FF8184-85 DMA1CntLo DMA Controller R/W
01FF8186-87 DMA1CntHi DMA Controller R/W
01FF8188-89 DMA2CntLo DMA Controller R/W
01FF818A-8B DMA2CntHi DMA Controller R/W
01FF818C-8D DMA2BufCntLo DMA Controller R/W
O1FF818E-8F DMA2BufCntHi DMA Controller R/W
01FF8190-91 DMAS3CntLo DMA Controller R/W
01FF8192-93 DMA3CntHi DMA Controller R/W
01FF8194-95 DMA4CntLo DMA Controller R/W
01FF8196-97 DMA4CntHi DMA Controller R/W
01FF8198-99 DMAS5CntLo DMA Controller R/W
01FF819A-9B DMASCntHi DMA Controller R/W
01FF819C-9D DMAG6CntLo DMA Controller R/W
01FF819E-9F DMAGCntHi DMA Controller R/W
01FF81A0-Al DMA7CntLo DMA Controller R/W
01FF81A2-A3 DMA7CntHi DMA Controller R/W
01FF81A4-A5 DMAS8CntLo DMA Controller R/W
01FF81A6-A7 DMAS8CntHi DMA Controller R/W
01FF81A8-A9 DMA9CntLo DMA Controller R/W
01FF81AA-AB DMAO9CntHi DMA Controller R/W
01FF81AC-AD DMA10CntLo DMA Controller R/W
01FF81AE-AF DMA10CntHi DMA Controller R/W
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MFC2000 Multifunctional Peripheral Controller 2000

Hardware Description

Table 4-2. Operation Register Map (5 of 9)

Address

Register Name

Block Name

R, DR (Dummy Read),
W, DW (Dummy Write)

01FF81B0-B1 DMAOConfig DMA Controller R/W
01FF81B2-B3 DMA2Config DMA Controller R/W
01FF81B4-B5 DMA2BIkSize DMA Controller RIW
01FF81B6-B7 DMA2BufBIkSize DMA Controller R/W
01FF81B8-B9 (Not Used) O O

01FF81BA-BB DMA5BIkSize DMA Controller RIW
01FF81BC-BD DMAG6/10Throttle DMA Controller R/W
01FF81BE-BF DMA9BIkSize DMA Controller RIW
01FF81C0-C1 DMA10BIkSize DMA Controller RIW
01FF81C2-C3 DMAIncConfig DMA Controller R/W
01FF81C4-C5 DMACnNtEnbConfig DMA Controller R/W
01FF81C6-C7 DMAEnNdian DMA Controller R/IW
01FF81C8-C9 DMAUSBOCntLo DMA Controller RIW
01FF81CA-CB DMAUSBOCnNtHi DMA Controller R/W
01FF81CC-CD DMAUSBOBIkSiz DMA Controller RIW
01FF81CE-CF DMAUSB1CntLo DMA Controller RIW
01FF81D0-D1 DMAUSB1CntHi DMA Controller R/W
01FF81D2-D3 DMAUSB1BIkSiz DMA Controller R/W
01FF81D4-D5 DMAUSB2CntLo DMA Controller RIW
01FF81D6-D7 DMAUSB2CntHi DMA Controller RIW
01FF81D8-D9 DMAUSB2BIkSiz DMA Controller R/W
01FF81DA-DB DMAUSB3CntLo DMA Controller R/W
01FF81DC-DD DMAUSB3CntHi DMA Controller RIW
01FF81DE-DF DMAUSB3BIKkSiz DMA Controller R/W
O1FF81EO-E1 DMA11CntLo DMA Controller R/W
01FF81E2-E3 DMA11CntHi DMA Controller RIW
01FF81E4-E5 DMA11BIkSiz DMA Controller RIW
O1FF81E6-E7 DMA12CntLo DMA Controller R/W
O1FF81E8-E9 DMA12CntHi DMA Controller R/W
01FF81EA-EB DMA12BIkSiz DMA Controller RIW
01FF81EC-FF (Not Used) O g

01FF8200-01 PIOCitrl PIO RIW
01FF8202-03 PIOIF PIO RIW
01FF8204-05 PlOData PIO R/W
01FF8206-07 PIOAckPW P1O R/W
01FF8208-09 PIORevDataSTS PIO RIW
01FF820A-0B Pl1ODataBusSTS PIO R/W
01FF820C-0D PIOHostTimeOut P1O R/W
01FF820E-OF PIOIRQSTS PIO RIW
01FF8210-11 PIOIRQMask PIO RIW
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Hardware Description

MFC 2000 Multifunctional Peripheral Controller 2000

Table 4-2. Operation Register Map (6 of 9)

Address Register Name Block Name R, DR (Dummy Read),
W, DW (Dummy Write)

01FF8212-13 PIOFIFOIF PIO RIW
01FF8214-1F (Not Used) 0 0

01FF8220-21 PIOOuUtFIFO0 PIO R/W
01FF8222-23 PIOOutFIFO1 PIO R/W
01FF8224-25 PIOOutFIFO2 PIO RIW
01FF8226-27 PIOOutFIFO3 PIO RIW
01FF8228-29 P10OutHold PIO R/W
01FF822A-2B PIOOutFIFOCtrl PIO RIW
01FF822C-2F (Not Used) 0 0

01FF8230-31 P1OINFIFOO PIO R/W
01FF8232-33 PIOINFIFO1 PIO RIW
01FF8234-35 PIOINFIFO2 PIO RIW
01FF8236-37 PIOINFIFO3 PIO R/W
01FF8238-39 PlOInHold PIO RIW
01FF823A-3B PIOINFIFOCtrl PIO RIW
01FF823C-4F (Not Used) O g

01FF8250-5B (Not Used) 0 0

01FF825C-5D VSHiAddrl Countach Bus System - CDMAC R/W
01FF825E-5F VSLoAddrl Countach Bus System - CDMAC R/W
01FF8260-61 VSHiAddr2 Countach Bus System - CDMAC RIW
01FF8262-63 VSLoAddr2 Countach Bus System - CDMAC R/W
01FF8264-65 VSHiAddrStep Countach Bus System - CDMAC R/W
01FF8266-67 VSLoAddrStep Countach Bus System - CDMAC R/W
01FF8268-69 VSMode Countach Bus System - CDMAC R/W
01FF826A-6B ABc2aBIkSiz Countach Bus System - CDMAC R/W
01FF826C-6D ABa2cHiAddr Countach Bus System - CDMAC R/W
01FF826E-6F ABa2cLoAddr Countach Bus System - CDMAC R/W
01FF8270-71 ABc2aHiAddr Countach Bus System - CDMAC R/W
01FF8272-73 ABc2alLoAddr Countach Bus System - CDMAC R/W
01FF8274-75 ABa2cThrottle Countach Bus System - CDMAC R/W
01FF8276-77 ABc2aThrottle Countach Bus System - CDMAC R/W
01FF8278-7F (Not Used) a O

01FF8280-81 DRAMConfig Countach Bus System - SDRAMC R/W
01FF8282-83 ABIIrgStat Countach Bus System - ABI R/W
01FF8284-85 ABIIrgEnable Countach Bus System - ABI R/W
01FF8286-87 ABICountachCtrl Countach Bus System - ABI R/W
01FF8288-89 VSIMode Countach Bus System - VSI R/W
01FF828A-A7 (Not Used) O O

01FF82A8-A9 DefRdHiAddr Countach Bus System - CBU R/W
01FF82AA-AB DefRdLoAddr Countach Bus System - CBU R/W
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MFC2000 Multifunctional Peripheral Controller 2000

Hardware Description

Table 4-2. Operation Register Map (7 of 9)

Address

Register Name

Block Name

R, DR (Dummy Read),
W, DW (Dummy Write)

01FF82AC-AD DefWrHiAddr Countach Bus System — CBU R/W
01FF82AE-AF DefWrLoAddr Countach Bus System — CBU R/W
01FF82B0-B1 DefRdData Countach Bus System — CBU R/W
01FF82B2-B3 DefWrData Countach Bus System — CBU R/W
01FF82B4-FF (Not Used) O O
01FF8300-01 ABIA2Cbuffl Countach Bus System — ABI RIW
01FF8302-03 ABIA2Cbuff2 Countach Bus System — ABI R/W
01FF8304-05 ABIA2Cbuff3 Countach Bus System — ABI RIW
01FF8306-07 ABIA2Cbuff4 Countach Bus System — ABI RIW
01FF8308-09 ABIC2Abuffl Countach Bus System — ABI R/W
01FF830A-0B ABIC2Abuff2 Countach Bus System — ABI R/W
01FF830C-0D ABIC2Abuff3 Countach Bus System — ABI RIW
01FF830E-OF ABIC2Abuff4 Countach Bus System — ABI RIW
01FF8310-11 CSIDMABuffl Countach Bus System — CSI R/W
01FF8312-13 CSIDMABuUff2 Countach Bus System — CSI RIW
01FF8314-15 CSIDMABuUff3 Countach Bus System — CSI RIW
01FF8316-17 CSIDMABuU(ff4 Countach Bus System — CSI R/W
01FF8318-FF (Not Used) O

01FF8400-FF (Not Used) 0

01FF8500-3F (Not Used) O

01FF8540-41 ScanCitrl Video/Scan Controller R/W
01FF8542-43 ScanCitrlStat Video/Scan Controller R only
01FF8544-45 VSCIRQStatus Video/Scan Controller R/W
01FF8546-47 VSCCitrl Video/Scan Controller R/IW
01FF8548-49 VidCaptureCtrl Video/Scan Controller R/W (Bit[8] - R only)
01FF854A-4B SPI_Ctrl Video/Scan Controller R/W (Bit[8] - R only)
01FF854C-4D SPI_Stat Video/Scan Controller R only
O1FF854E-7F (Not Used) O g
01FF8580-81 USBEP1FIFO1 USB Interface RIW
01FF8582-83 USBEP1FIFO2 USB Interface RIW
01FF8584-85 USBEP1FIFO3 USB Interface R/W
01FF8586-87 USBEP1FIFO4 USB Interface RIW
01FF8588-89 USBEP1Hold USB Interface RIW
01FF858A-8B USBEP1Citrl USB Interface R/W
01FF858C-8D USBEP1Data USB Interface R/W
01FF858E-8F USBEP1Tran USB Interface RIW
01FF8590-9F (Not Used) 0 O
01FF85A0-A1 USBEP2FIFO1 USB Interface RIW
01FF85A2-A3 USBEP2FIFO2 USB Interface RIW
01FF85A4-A5 USBEP2FIFO3 USB Interface R/W
01FF85A6-A7 USBEP2FIFO4 USB Interface R/W
01FF85A8-A9 USBEP2Hold USB Interface RIW
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Hardware Description

MFC 2000 Multifunctional Peripheral Controller 2000

Table 4-2. Operation Register Map (8 of 9)

Address Register Name Block Name R, DR (Dummy Read),
W, DW (Dummy Write)

01FF85AA-AB USBEP2Ctrl USB Interface RIW
01FF85AC-AD USBEP2Data USB Interface RIW
01FF85AE-AF USBEP2Tran USB Interface RIW
01FF85B0-B1 USBEP3FIFO1 USB Interface R/W
01FF85B2-B3 USBEP3FIFO2 USB Interface R/W
01FF85B4-B5 USBEP3FIFO3 USB Interface RIW
01FF85B6-B7 USBEP3FIFO4 USB Interface RIW
01FF85B8-B9 USBEP3Hold USB Interface R/W
01FF85BA-BB USBEP3Ctrl USB Interface RIW
01FF85BC-BD USBEP3Data USB Interface RIW
01FF85BE-BF USBEP3Tran USB Interface R/W
01FF85C0-C1 USBEP4FIFO1 USB Interface R/W
01FF85C2-C3 USBEP4FIFO2 USB Interface RIW
01FF85C4-C5 USBEP4FIFO3 USB Interface RIW
01FF85C6-C7 USBEP4FIFO4 USB Interface R/W
01FF85C8-C9 USBEP4Hold USB Interface R/W
01FF85CA-CB USBEPA4Ctrl USB Interface RIW
01FF85CC-CD USBEP4Data USB Interface R/W
01FF85CE-CF USBEP4Tran USB Interface R/W
01FF85D0-D1 USBEPOBuUf12 USB Interface RIW
01FF85D2-D3 USBEPOBuf34 USB Interface RIW
01FF85D4-D5 USBEPOBuUf56 USB Interface R/W
01FF85D6-D7 USBEPOBuUf78 USB Interface R/W
01FF85D8-D9 USBVenBufl12 USB Interface RIW
01FF85DA-DB USBVenBuf34 USB Interface R/W
01FF85DC-DD USBVenBuf56 USB Interface R/W
01FF85DE-DF USBVenBuf78 USB Interface RIW
01FF85E0-E1 USBVenStDat12 USB Interface RIW
O1FF85E2-E3 USBVenStDat34 USB Interface R/W
01FF85E4-E5 USBVenStDat56 USB Interface R/W
01FF85E6-E7 USBVenStDat78 USB Interface RIW
01FF85E8-E9 USBDesAdr USB Interface R/W
01FF85EA-EB USBIRQ USB Interface R/W
01FF85EC-ED USBSoftReset USB Interface w
01FF85EE-EF USBStall USB Interface W
01FF85F0-F1 USBPOSTDat1/2 USB Interface R
01FF85F2-F3 USBPOSTDat3/4 USB Interface R
01FF85F4-F5 USBPOSTDat5/6 USB Interface R
01FF85F6-F7 USBPOSTDat7/8 USB Interface R
01FF85F8-FF (Not Used) USB Interface O
01FF85EC-FF (Not Used) O O
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MFC2000 Multifunctional Peripheral Controller 2000

Hardware Description

Table 4-2. Operation Register Map (9 of 9)

Address Register Name Block Name R, DR (Dummy Read),
W, DW (Dummy Write)
01FF8600-01 SASTXFIFOHWO SASIF R/W
01FF8602-03 SASTXFIFOHW1 SASIF R/W
01FF8604-05 SASTXFIFOHW2 SASIF R/W
01FF8606-07 SASTXFIFOHW3 SASIF R/W
01FF8608-09 SASTXFIFOHW4 SASIF R/W
01FF860A-0B SASTXFIFOHW5 SASIF R/W
01FF860C-0D SASTXFIFOHWG6 SASIF R/W
01FF860E-OF SASTXFIFOHW7 SASIF R/W
01FF8610-11 SASRXFIFOHWO SASIF R/W
01FF8612-13 SASRXFIFOHW1 SASIF R/W
01FF8614-15 SASRXFIFOHW2 SASIF R/W
01FF8616-17 SASRXFIFOHW3 SASIF R/W
01FF8618-19 SASRXFIFOHW4 SASIF R/W
01FF861A-1B SASRXFIFOHWS5 SASIF R/W
01FF861C-1D SASRXFIFOHW6 SASIF R/W
O1FF861E-1F SASRXFIFOHW7 SASIF R/W
01FF8620-7FF (Not Used) 0 g
4-16 Conexant 100723A



Hardware Description

MFC 2000 Multifunctional Peripheral Controller 2000

Table 4-3. Setup Registers (1 of 2)

Setup Registers are located from 01FF8800H to 01FF8DFFH.

Address Register Name Block Name R, DR (Dummy Read),
W, DW (Dummy Write)
01FF8800-01 SIUConfig SIU R/IW
01FF8802-03 ROMCitrl SIU R/IW
01FF8804-05 CS0/CS5Ctrl SIU R/W
01FF8806-07 CS1/2Ctrl SIU R/W
01FF8808-09 MCSCtrl SIU R/IW
01FF880A-0B FlashCitrl SIU R/W
01FF880C-0D RotPackCtrl SIU R/W
01FF880E-0F CS3/4Ctrl SIU R/IW
01FF8820-21 DRAMCtrl DRAM/Flash Memory Controller R/W
01FF8822-2F (Not Used) O O
01FF8830-31 GPIOConfig GPIO Block R/IW
01FF8832-33 GPIOData GPIO Block R/W
01FF8834-35 GPIODir GPIO Block R/W
01FF8836-4F (Not Used) O 0
01FF8850-51 SstepClk Scan/Print Motor Control R/W
01FF8852-53 VPStepClk Scan/Print Motor Control R/W
01FF8854-5F (Not Used) O 0
01FF8860-6F (Not Used) O O
01FF8870-71 RotNN Bit Rotation Block R/IW
01FF8872-73 BRBWarp Bit Rotation Block O
01FF8874-75 RotLineLength Bit Rotation Block R/W
01FF8876-8F (Not Used) O g
01FF8880-1 125pSprescaler Fax Timing Block R/W
01FF8882-3 ICLKPeriod Fax Timing Block R/W
01FF8884-5 MSINTPeriod Fax Timing Block R/W
01FF8886-7 INTClear Fax Timing Block W
01FF8888-8F (Not Used) O O
01FF8890-91 ScanCycle Video/Scan Controller R/W
01FF8892-93 ScanConfig Video/Scan Controller R/W
01FF8894-95 ScanDotCtrl Video/Scan Controller R/W
01FF8896-97 ScanLength Video/Scan Controller R/W
01FF8898-99 ScanStartDelay Video/Scan Controller R/W
01FF889A-9B StartEdges Video/Scan Controller R/W
01FF889C-9D StartConfig Video/Scan Controller R/W
01FF889E-9F Clk2aEdges Video/Scan Controller R/W
01FF88A0-Al Clk2bEdges Video/Scan Controller R/W
01FF88A2-A3 Clk2cEdges Video/Scan Controller R/W
01FF88A4-A5 ADCSampleCfg Video/Scan Controller R/W
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MFC2000 Multifunctional Peripheral Controller 2000

Hardware Description

Table 4-3. Setup Registers (2 of 2)

Address

Register Name

Block Name

R, DR (Dummy Read),
W, DW (Dummy Write)

01FF88A6-A7 ClampCitrl Video/Scan Controller R/W
01FF88A8-A9 ClampDelay Video/Scan Controller R/W
01FF88AA-AB ClampEdges Video/Scan Controller R/W
01FF88AC-AD LEDOEdges Video/Scan Controller R/W
01FF88AE-AF LED1Edges Video/Scan Controller R/W
01FF88B0-B1 LED2Edges Video/Scan Controller R/W
01FF88B2-B3 LEDOPWM Video/Scan Controller R/W
01FF88B4-B5 LED1PWM Video/Scan Controller R/W
01FF88B6-B7 LED2PWM Video/Scan Controller R/W
01FF88B8-B9 LEDConfig Video/Scan Controller R/W
01FF88BA-BB ScanlAConfig Video/Scan Controller R/W
01FF88BC-BD ScanCtrlDelay Video/Scan Controller R/W
01FF88BE-BF ADCConfig Video/Scan Controller R/W
01FF88CO0-C1 SPIConfig Video/Scan Controller R/W
01FF88C2-C3 SPIData Video/Scan Controller R/W (Bit[15:8] — R only)
01FF88C4-C5 (Not Used) 0 O
01FF88C6-C7 VidLineCfg Video/Scan Controller R/W
01FF88C8-C9 VidLLStat Video/Scan Controller R only
01FF88CA-CB VidOddFLStat Video/Scan Controller R only
01FF88CC-CD VidEvenFLStat Video/Scan Controller R only
01FF88CE-CF (Not Used) O
01FF88D0-DF (Not Used) O 0
01FF88EO-FF Reserved O O
01FF88900-FFF (Not Used) O 0
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4.2 Cache Memory Controller
4.2.1 Functional Description

4.2.1.1 Cache Summary

* 4 kB instruction cache RAM with expansion capability

* Physical address cache access and cache tags

* Two Way Set Associative with LRU algorithm

* 16 bytes cache line size with 128 cache lines in each way

*  Supports both ARM and thumb mode instructions

* Cache memory can be enabled or disabled

* Provides lock function and flush function

* Interfaces between ARM7TDMI and SIU (System Interface Unit)

4.2.1.2 Cache Overview

The Cache Controller is an instruction only cache; a level 1 cache for ARM7TDMI. The cache, when enabled, will
support zero wait state sequential instruction access from ARM provided the instruction is in the cache and valid
(Cache hit). If an instruction is not found in the cache memory (Cache miss), the Cache Controller will activate the
LRU (Least Recently Used) replacement algorithm. In this case, the ARM will incur a number of wait states
depending on the memory speed.

The 4 kB Cache Memory is divided into two Ways, which means 2 kB per Way. Each Way is further divided into
128 Cache Lines with 16 bytes of instructions in each Line. If a Cache miss is detected and Cache Line fill is
required, the Cache Controller will replace the least recently used (LRU) Cache line, the Cache Line fill operation
is done in burst (sequential), minimizing the overhead.

The ability for the software to lock the entire Cache or individual line and to flush the entire Cache Memory
contents are provided. In addition, the Cache Memory and Cache Tags can be placed in Test Mode for power-up
verification and system diagnoses. The entire Cache Memory and Cache Controller can also be disabled allowing
the ARM to bypass the Cache Controller unit.

‘ Way 1
Way 0
S 16 bytes
—>|1 bnl{— —b{l bit Pb\l"f 21 bits 4’1 1432 bits * 32 bits 4’1432 bits *32 bits
v |L a[31:11] w3 w2 w1 wo
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Figure 4-3. MFC2000 Cache Organization

100723A Conexant 4-19




MFC2000 Multifunctional Peripheral Controller 2000 Hardware Description

Table 4-4. Cache Tag Data Format (for Test Mode Read/Write Operation)

Cache Tag Data Format
Bits Description
31 LRU bit, accessible only through Way 0 Tag Read
30:23 Unused Bits
22 Lock
21 Valid
20:0 A[31:11]

4.2.1.3 Cache RAM

The Cache RAM consists of four 512 X 16 Asynchronous Static RAM modules, and they are organized into two
512 words (32 bit/word) to support two way set associative. The memory map for direct accesses while in Test
Mode or Lock Mode is as follows:

WAY 0: $01FE0000-$01FEO7FF
WAY 1: $01FE0800-$01FEOFFF

4.2.1.4 Cache Tags
The Cache Tags are defined as follows:

Valid (1 bit): A 1 in this bit indicates that the Tags and data at the addressed Cache Line are both valid.
Neither Tags nor data have meaning if this bit is 0. Upon power up, the tag memories will
undergo an automatic flush operation that requires 128 clocks. During the flush operation, the
cache is disabled.

Lock (1 bit): A 1 in this bit indicates that the Tags and data at the addressed Cache Line are both valid and
locked and should not be replaced when a Cache miss is detected.

LRU (1 bit): Indicates that the Tags and data at the addressed Cache line (if not locked) at Way 0 can be
replaced if this bit is 0. If this bit is a 1, the Cache Line and Tags in Way 1 should be chosen for
replacement.

Unused (8 bits): Unused bits are undefined.

A[31:11]: Address Tag bits which together with Cache address (A[10:4]), uniquely identify a Cache Line in
the entire 32-bit physical address space.

The Cache Tags are memory mapped to the following address space (not fully utilized) when in the Test Mode or
Lock Mode :

WAY 0: $01FE1000-$01FE17FF
WAY 1: $01FE1800-$01FE1FFF

It should be noted that bits 2-3 of the addresses are not decoded during the Tag entry accesses, i.e., $sa+00,
$sa+04, $sa+08, and $sa+0C all access the same Tag entry.

4.2.1.5 Accessing the Cache

To access the Cache during an instruction fetch, the Cache Controller performs the normal cache operation. If
accesses are performed during Test mode or Lock mode, the Tag RAM and Cache RAM are treated as regular
memories.

If the Cache is enabled, regardless of cache hit or miss, the Cache Controller asserts one wait state for every
non-sequential cycle to start the instruction fetch cycle.
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If the access results in a hit, the wait state is de-asserted and a 32-bit Cache data is output to the ARM.
Subsequent Sequential (S-cycles) access(es) require zero wait state if they are found in the same Cache Line. If
the access crosses Cache Line boundary, the Cache Controller will add one wait state for the first S cycle that
crosses the boundary, and then add additional wait states if it results in a cache miss.

If the access misses the Cache, the Cache Controller extends the wait states until the corresponding cache data
or cache line is received from external memory through SIU. The number of wait states inserted is affected by the
status of the lock bit for the corresponding Cache Line. If the Line is not locked, then the Cache Line fill operation
will be performed and the required wait state will depend on the speed and the data width of the external devices.
If the Cache Line is locked, the Cache Controller will re-generate the ARM cycle and forward the cycle to SIU.
The required wait states in this case will be much less than that of Cache Line fill, but still a few cycles more than
a simple pass-through operation when the Cache is disabled. This is due to the time required for the tag
comparison. It should be noted that, in the case of Cache Line fill, the requested data is not transferred to the
ARM until the Cache Line fill operation is completed.

4.2.1.6 Definition of a Cache Hit

There are two requirements for a Cache hit. First the ARM A[31:11] must match the Cache Address Tags
accessed by A[10 :4] in an instruction fetch cycle. Second, the addressed Cache Line must be Valid.

4.2.1.7 LRU Algorithm

The LRU (Least Recently Used) algorithm is applied when a Cache miss is detected. This algorithm first looks for
a non-valid Line in the Set for a replacement. The order that is used for this checking is Way O first, then Way 1. If
both lines associated with the Set are valid, then the Lock bit check is followed. If both are not locked, then the
LRU bit (one bit only) associated with the Set is tested. If it is a zero, the Cache Line in Way 0 is replaced;
otherwise, Way 1. If both are locked, no replacement can be performed and the Cache Controller will convert the
cycle from instruction fetch to data fetch and forward the cycle to SIU for the requested instruction. If only one of
the two lines is locked, the unlocked line will be chosen for the replacement.

4.2.1.8 SIU interface

The ARM to SIU interface behaves differently depending on whether the Cache is enabled or not. If the Cache is
disabled, the only affect that the Cache Controller adds to the ARM/SIU interface is a small propagation delay for
those signals that pass through the Cache Controller (refer to the block diagram for the pass-through signals). On
the other hand, if the Cache is enabled, the Cache controller will response to an instruction cycle by either
providing data to the ARM in a cache hit, or, converting the instruction cycle to a series of burst data cycle(s) and
forwarding them to SIU in a cache miss.
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4.2.2 Register Description

Name/Address Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Default
Cache Control N/A Flush Cache| Global Lock | Lock Mode | Test Mode | Cache Enable N/A N/A Rst Value
Register 00h

$01FF8800

This register resides in the SIU block. The SIU, upon detecting the set condition for a given bit(s) in this register,
asserts the corresponding control signal(s) to the Cache controller.

Bit 7 Reserved

Bit 6 Flush Cache

Bit 5 Global Lock

Bit 4 Lock Mode

Bit 3 Test Mode

Bit 2 Cache Enable

Bit 1 Reserved
Bit 0 Reserved

Read/writable bit. Writing a 1 to this bit flushes all Valid bits, LRU bits,
and Lock bits in the Cache Tag to zero. It requires 128 cycles to flush
the entire Tag memory area. This bit will be automatically reset upon
completion of the flush operation. Flush does not reset Global Lock or
Cache Enable condition if present.

Read Writable bit. Writing a 1 to this bit locks the entire Cache
memory; a 0 unlocks the Cache. This bit provides a quick way to lock
the entire cache memory.

Read/writable bit. Writing a 1 to this bit and a 0 to the Cache Enable
bit places the Cache in the Lock Mode. The Cache stays in Lock Mode
until a O is written to this bit.

Read/writable bit. Writing a 1 to this bit and a 0 to the Cache Enable
bit sets the Cache into test mode. In test mode, the Cache RAMs and
Tags can be accessed in the same manner as regular memory.
Certain Tag bits are readable only. The Cache stays in Test Mode
until a 0 is written to this bit.

Read/writable bit. Writing a 1 enables the Cache and the Cache stays
enabled until a 0 is written or a reset is received. Power-up resets to 0
and disables the Cache.
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4.2.3 Firmware Operation

4.2.3.1 Enabling the Cache

The Cache Enable bit in the SIU Cache Control register determines if the Cache is enabled or not. In power-up
reset state, the Cache is disabled. If disabled, all CPU accesses go directly to the SIU and the Cache Controller
passes through all signals from ARM to SIU. After the power-up reset, all Cache Tag entries are flushed after 128
clocks. If the Cache is enabled after power-up, the Cache Controller starts to update the Cache memory and
Cache tag after the flush operation is completed.

4.2.3.2 Locking the Cache

The system can lock the entire cache memory by setting GLOBAL LOCK bit to 1 in Cache Control register. The
Cache remains locked until the bit is reset. Setting and resetting the Global _Lock bit has no effect on the
individual lock bit set during the Lock mode, the individual lock bit can be cleared by setting Flush_Cache bit to 1.

The system can also lock an individual Cache Line by placing the Cache in the Lock Mode. Once in the Lock
mode, the system can access the Cache RAM and Tag RAM as if they were regular memory. A write to the Tag
entry sets both the Lock bit and Valid bit for the corresponding Tag. The software is responsible for properly
mapping the instructions from ROM (‘where to be cached in’) into Cache RAM and Tag RAM (‘where to be locked
down’) based on the modular of 2048 bytes. In other words, the A10-A2 of address lines used for the ROM code
and Cache/Tag RAM'’s entry must be identical, and the A31-Allused for the ROM code becomes the data entry
for the corresponding Tag entry. Caching is disabled during lock mode; the system must exit the lock mode before
enabling the Cache.

Once a Cache line is locked, LRU replacement policy prevents the replacement of the locked Cache Line. If both
Cache Lines in a Set (two Ways) are locked, the LRU algorithm is not able to replace either Line; thus, no Cache
Line fill is performed; instead, a data fetch N (non-sequential) cycle is generated by the Cache Controller and sent
to the SIU. A minimum of 5 wait states is expected.

4.2.3.3 Flushing the Cache

The system can clear the Cache by activating the Flush input. This signal is generated by the SIU when the Flush
bit in the Cache Control register is set by the system. Upon receiving the Flush input, the Cache Controller starts
the flush operation. The operation takes 128 clocks to resets all the Tag Valid bits, LRU bit, and Lock bit. During
the operation the cache, if enabled, is temporarily disabled until the flush is completed. The Flush bit is cleared
automatically at the end of the flush operation.

4.2.3.4 Testing the Cache and Tag Memories

The system can access the Cache memory and Tag RAM as regular memory does when in Test mode. Test
mode is entered after setting the Test bit in the Cache Control register. In Test mode, the Tag RAM and Cache
RAM behave like an ordinary memory for read/write cycles. This test feature is not only required for the power-up
self test, but also is important for diagnostics when a system problem develops. The contents of the TAG and
Cache RAM are essential to the investigation of the problem.

Note: The Valid bit, Lock bit, and LRU bit can only be read, not written, and LRU is only
available through Way 0 access.

Note: Itis important to flush the Cache upon completion of the Test Mode.
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4.3 SIU

4.3.1 Functional Description

The System Integration Unit (SIU) is responsible for interfacing between the ARM7TDMI core, the Cache Memory
Controller, the Internal Peripheral Bus (IPB), and the External Bus (EB). The ARM7TDMI core and the Cache
Memory Controller are on the Internal System Bus (ISB). The ISB data bus is 32-bits wide and the IPB and EB
data buses are 16-bits wide. The SIU generates the external chip selects along with chip selects to all the internal
peripherals. It provides the following functions:

1. Interfaces between the Internal Peripheral Bus (IPB), the Internal System Bus (ISB) and the External Bus
(EB). The SIU allows bus master devices on the IPB and ISB.

2. Control the chip selects to devices on the IPB, the ISB, and the EB.
3. Address multiplexing for DRAM access.

4. ROM interleave control (including wait state control for the interleave mode): no interleave and 2-way
interleave with external Q-switch.

5. Fast page mode ROM operation.

6. Even though ARM7TDMI is fixed to the little endian in this MFC2000 chip, the SIU can support the little
endian or big endian for the DMA operation.

7. Support Arm and Thumb mode operations.

4.3.1.1 IPB, ISB and External Bus
IPB Bus

The IPB Bus supports both 8-bit and 16-bit peripherals. The ARM or an internal bus master such as DMA can
access a device residing on the IPB bus.

The SIU provides the chip selects to each of the internal peripheral devices. The chip selects are driven in the
second clock cycle of an IPB bus cycle. The peripheral device needs to decode only the address lines required to
access the specific registers within the block.

Transactions on the IPB bus only occur when a device on the IPB bus is being accessed. All accesses on the IPB
bus require two peripheral bus clock cycles (2 SIUCLK’s). During the first cycle, the address is decoded and
determined if an access to an internal peripheral is occurring. During the second cycle the peripheral chip select is
asserted, and the access occurs.

During Write operations to peripherals, signals BS[1:0] are used to signal which bytes are valid on the data bus.

8-bit peripherals can ignored these signals. 16-bit peripherals MUST use these signals to allow each 8-bit half of
the peripheral registers to be written independently. This is due to the fact that the ARM compiler may generate

two byte transactions when accessing a 16-bite register on the IPB instead of a single halfword transaction.

During Read operations, the peripherals must fill the 16-bit IPB data bus. If the peripheral is less than 16-bit wide,
it should fill the empty bits with O.
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ISB Bus

The ISB Bus is used for connecting ARM and Cache Controller to the highest performance. The 32-bit ISB bus
directly interfaces with the ARM core 32-bit data bus. The cache memory controller resides on this bus.

All control signals to and from the ARM, and its address bus go through the cache memory controller regardless
of the cache enable bit. The cache controller control register resides in the SIU.

When the ARM is fetching instructions, and it is a cache hit situation, the ARM gets the instructions from the
cache. The SIU lets the other bus masters have the bus.

When the ARM is fetching instructions, and it is a cache miss situation, the SIU must perform a burst read of eight
halfwords (4 words) to fill up the cache line if the cache line is not locked. If the cache line is locked, then the SIU
reads in two halfwords (one word) of instruction.

When the ARM is fetching data, data is passed directly from the SIU to the ARM.
EB Bus

The EB Bus is used for connecting external memories and devices. The width of the selected slave device is
programmable in the chip select configuration register. The external A[23:12] and A[11:0] addresses are
multiplexed through A[11:0] pins. The ALE signal is provided to latch A[23:12] addresses externally.

External Chip Selects

The SIU provides programmable external chip selects. Each chip select is programmable through the chip select
configuration register.

* Each chip select can be configured to be:

* enabled or disabled (default = enabled).

* programmable from 0 up to 7 walit states.

* programmable read/write delay-on (write strobe activated one or two SIUCLK cycles later).
* programmable write early-off (read or write strobe deactivated one SIUCLK cycle earlier).

* programmable to allow for 8 or 16 bit devices. The SIU will automatically perform the necessary transaction to
access any size data as long as the source of the transaction is internal.

Note: The RD/WR-delay-on and WR-early-off settings should be disabled for zero wait state
access. For other wait state settings (> 1wait state), the delay-on and early-off will shorten the
width of read/write strobe. Firmware has the responsibility to set RD/WR-delay-on and WR-
early-off bits correctly. Otherwise, read or write strobes may disappear. For example, if 1 wait
state and 1 RD/WR-delay-on are set for a chip select, the read strobe is not suppressed when
firmware tries to do a read operation. If 2 wait states, 1 WR-early-off and 1 RD/WR-delay-on are
set for a chip select, the write strobe is not suppressed when firmware try to do a write operation.

ROM Interface

The SIU supports non-interleave, 2-way interleave and fast page mode access to ROM, depending on the ROM
Access Configuration pins (AE[2]/ROM_CFGJ[0] and AO[2]/ROM_CFG[1] pins). Following are the four
configurations supported by the SIU.

ROM Access Configuration[1:0] ROM Mode
00 8-bit non-interleave
01 16-bit non-interleave
10 16-bit 2-way interleave
11 16-bit fast page mode
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The MFC2000 assigns 4 multi-function pins (AE[2], AO[2], AE[3], and AOJ[3]) to facilitate the interleave access.
SIU generates 4 signals on these 4 pins to control ROMs for the following types of interleave accesses.

* In 2-way interleave mode, MFC2000 pins AE[2] ,AQ[2], AE[3], and AOI[3] are connected to pin A[1:0] of the
even and odd external ROMs. MFC2000 pins A[1:0] are used to enable the ROM’s data busses.

ROMCSn
RDn \ \
L Ll
AR25]  —— a2 s oE A25] —— p3 S OF
EVEN OoDD
Al —— w2 Ald] —
AER] —— m AO[3] — AL
AE2] —— no b AO[2] —— a0 b
all EN Q-SW ALl EN  QSw
D

Figure 4-4. 2-Way Interleave ROM Connection

* The ROMCSn can be programmed to have up to 7 wait states for the initial access, and up to 1 wait state for
the sub-sequential access.

*  The write access to the ROM chip select area (ROMCSN) is allowed. It is customer’s choice to use it or not.

* To use NOR-type flash memory in the ROM chip select area, WREn and WROn are designed to be used as
the write strobes for the different banks in the interleave mode (not for the higher and lower bytes). Therefore,
the 16-bit wide flash memory should be used in order to avoid the extra glue logic.

*  For non-interleave mode flash memory in the ROM chip select area, the WROnN is used to access the higher
byte of the 16-bit data bus and the WREn is used to access the lower byte of the 16-bit data bus.

Assume that W wait states are needed for the initial access to ROM and S wait states (S = 0 or 1) for the sub-
sequential access according to the CPU clock frequency and the ROM speed. For a burst of 8 half-words
interleave access, the wait state of each half-word access, assuming the starting address’s A[3:1]=000. We can
have the following table show all different access modes for reading from ROM.
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Table 4-5. Access Modes for Reading ROM

ROM Access Data Type Cache Memory Wait States Notes
Mode
8-bit non- instruction | Cache enabled W,W,W,W,W,W,W,W This is cache burst access. Save the address decoding
interleave and Cache miss WLW. WL WL WL, W cycle for all accesses except the first access.
(16 sequential accesses)
16-bit non- instruction | Cache enabled W, W, W,W,W,W,W,W This is cache burst access. Save the address decoding
interleave and Cache miss (8 sequential accesses) cycle for all accesses except the first access.
8-bit non- instruction | Cache disabled w If the sequential access occurs, save the address decoding
interleave cycle for all accesses except the first access.
16-bit non- instruction | Cache disabled w If the sequential access occurs, save the address decoding
interleave cycle for all accesses except the first access.
8-bit non- data Not applied w If the sequential access occurs, save the address decoding
interleave cycle for all accesses except the first access.
16-bit non- data Not applied w If the sequential access occurs, save the address decoding
interleave cycle for all accesses except the first access.
16-bit 2-way instruction | Cache enabled w, s, This is cache burst access. 0 or 1 wait state is
interleave and Cache miss W-s-1. S programmable and depends on the CPU clock frequency
e and the ROM speed. If ‘w-s-1' is less than 1, it will be forced
w-s-1, s, to 1.
w-s-1, s
(8 sequential accesses)
16-bit 2-way instruction | Cache disabled w, s, 0 or 1 wait state is programmable and depends on the CPU
interleave W-s-1. S clock frequency and the ROM speed. If the starting address
T of the sequential access is not lined up with the octal
w-s-1, s, address boundary of the interleave access, the patrtial
w-s-1 s interleave access sequence should be done. Then, restart
) the interleave access sequence at the octal address
(one interleave access boundary of the interleave access. Even if the stopping
sequence) address of the sequential access is not lined up with the
The actual sequential octal address boundary of the interleave access, the access
access length is dynamic. | sequence must be stopped immediately at anywhere. If ‘w-
s-1'is less than s, it will be forced to s.
16-bit 2-way data Cache enabled w, s, 0 or 1 wait state is programmable and depends on the CPU
interleave and Cache miss W-s-1. S clock frequency and the ROM speed. If the starting address
e of the sequential access is not lined up with the octal
w-s-1, s, address boundary of the interleave access, the partial
oo interleave access sequence should be done. Then, restart
w-s-1, s

(one interleave access
sequence)

The actual sequential
access length is dynamic.

the interleave access sequence at the octal address
boundary of the interleave access. Even if the stopping
address of the sequential access is not lined up with the
address boundary of the interleave access, the access
sequence must be stopped immediately at anywhere. If ‘w-
s-1'"is less than s, it will be forced to s.
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If the ROM write access (Flash memory in the ROM address range) is performed in the interleave access mode,
the SIU still generates those signals to control ROMs and external multiplexes to perform the interleave access.
But, all the access (no matter if it is the sequential access or not) have W wait states.

External DRAM Interface

When the decoded address from any bus master matches external DRAM address, the SIU will issue a DRAM
request to the DRAM controller and start the transaction . First, it routes the DRAM row address to the address
bus. After receiving the column enable signal from the DRAM controller, the SIU multiplexes the DRAM column
address to the same address bus according to the size of the DRAM . The SIU will perform the next transaction
after receiving the DRAM ready back from the DRAM controller signaling the DRAM transaction is complete.

The SIU also looks at the burst request signals from the bus master who owns the bus to generate the BURST
signal to the DRAM Controller indicating a burst access.

Bus Arbitration

The bus arbitrator block arbitrates control of the internal and external busses between the ARM7TDMI core and
any bus master devices (such as DMA) residing on the IPB or ISB. The ARM core is the default bus master and
has control of the bus whenever no other bus master requests it . In arbitrating control of the bus, the arbitrator
gives highest priority to the DMA Controller and then, the ARM core.

In burst mode access (both DMA and CPU), the bus is not arbitrated within the burst access. In order to prevent a
bus master from hogging the bus. The maximum burst length allowed is eight halfword access. The DMA of
internal peripherals only bursts a maximum of five halfwords.

A bus master requests the bus by asserting request. The arbitrator grants the bus to the requesting bus master by
asserting grant. The requesting bus master must continue to assert request for as long a bus ownership is
required and release the bus by de-asserting request. The arbitrator always inserts a single dead cycle before
granting the bus to another bus master.

Little Endian and Big Endian

The little endian and big endian control is only for internal DMA (The DMA request is from an internal peripheral).
When a DMA access requires different endian format. the corresponding bit of the DMAEnNdian register needs to
be set. The SIU will transform the endian format; from little endian DMA address and data into big endian format
or from big endian DMA address and data into little endian format. The even and odd write signals (WREn,
WRON) also change accordingly. The following tables show the final addresses and data at the ASIC pins, and
the resulting DMA read or write data. Internal DMA data size is always 16 bits (a halfword).
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Table 4-6. Read Operation (Internal Peripheral Gets Data From Memory)

BIG ENDIAN LITTLE ENDIAN
DMA SIZE MEM SIZE DMA_AD DMA DATA MEM ADDR MEM DATA
(output) (input)
Half Word Byte 0000 Byte 2, Byte 3 0011,0010 Byte 3, Byte 2
Half Word Byte 0010 Byte 0, Byte 1 0001,0000 Byte 1, Byte 0
Half Word Half Word 0000 Byte 2, Byte 3 0010 Byte 3, Byte 2
Half Word Half Word 0010 Byte 0, Byte 1 0000 Byte 1, Byte 0

Table 4-7. Write Operation (Internal Peripheral Puts Data Into Memory)

LITTLE ENDIAN BIG ENDIAN
DMA SIZE MEM SIZE DMA_AD DMA DATA MEM ADDR MEM DATA | WRON | WREN
(input) (output)
Half Word Byte 0000 B1,B0 0011,0010 BO,B1 0 0
Half Word Byte 0010 B3,B2 0001,0000 B2,B3 0 0
Half Word Half Word 0000 B1,B0 0010 BO,B1 0 0
Half Word Half Word 0010 B3,B2 0000 B2,B3 0 0
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4.3.2 Register Description

SIU Control
Address Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8 Default
SIU Configuration |(Not Used) |(Not Used) |(Not Used) [(NotUsed) |(NotUsed) |(NotUsed) |(NotUsed) [CS4n Read [Rst.Value
(SIUConfig) Only XXXXXXXOb
01FF8801 Read Value
00h
Address Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Default
SIU Configuration {CS3n Write [Flush Global Lock |Cache Lock [Cache Test [Cache Disable Disable Rst. Value
(SlUConfig) Only Cache Mode Mode Enable Force Abort 00h
01FF8800 External Read Value
00h

Bit 8 CS4n Read only Writing a 1 makes CS4n a read only CS. Default is 0.

Bit 7 CS3n Write only Writing a 1 makes CS3n a write only CS. Default is 0.

Bit 6 Flush: Write only bit. Writing a 1 generates a pulse which flushes all Valid bits, LRU bits and
Lock bits in the Cache Tag. Defaultis O

Bit 5 Global_Lock: Read/writable bit Writing a 1 locks the whole Cache. The Cache stays in Lock Mode
until a O is written. Default is 0.

Bit 4 Cache_Lock: Read/writable bit Writing a 1 places the Cache in the Lock Mode and the Cache stays in
Lock Mode until a 0 is written. Each cache line is locked individually .
Default is O

Bit 3 Cache_Test: Read/writable bit Writing a 1 sets the Cache into Test Mode and the Cache RAM and
Tags can be accesses as regular memory. Note that certain Tag bit
only readable . The Cache stays in Test Mode until a 0 is written to
this bit. Default is 0.

Bit 2 Cache_Enable: Read/writable bit
Writing a 1 enables the Cache and the Cache stays enabled until a 0
is written or a reset is received. Power-up resets to 0, so the Cache is
disabled.

Bit 1 Force_external This signal will disable the forcing of all accesses to be visible on the
external bus regardless of destination. If this signal is enabled, only
external transactions will be visible on the external bus. 1 is disabled,
0 is enabled. Default is 0.

Bit 0 Disable_abort: This signal disables abort generation for internal and external access.
If this signal is a 1, all transactions to internal and external address
space will be allowed to occur regardless of if an valid internal or
external peripheral exists. If this signal is 0, then accesses must be to
valid peripheral locations or an abort signal will be generated. Default
is 0.
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External Chip Select Control Registers

Associated with each external chip select pin is a register to control automatic functions that will be executed

when a location within the chip select range is accessed. All bits default to 0 unless otherwise specified.

Several control functions are common between the various chip select register.

A chip select is enable when the enable bit is set to 1.

Wait states defines the number of wait states that are added to the associated bus cycle, in increments of
SIUCLK cycle. A bus cycle is 1 SIUCLK.

Size is the width of the external devices peripherals using the chip select. The allowable widths are 8 and 16 bits.
Size are coded : O=byte, 1 = half-word. If the size of the data is larger than the size of the peripheral, the SIU will
automatically perform multiples accesses to complete the transaction. Default to 0.

Where applicable, Strobe Delay On = 1 delays the activation of RDn or WRn by 1 clk. Write Early Off deactivates
the WRn strobe by 1 clk earlier.

Address Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8 Default
ROMCS (Not Used) |(Not Used) |[(Not Used) |[(NotUsed) [(NotUsed) |(NotUsed) |(NotUsed) (Not Used) |Rst. Value
Control xxh
(ROMCitrl) Read Value
01FF8803 00h

Address Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O Default
ROMCS Read/Write |Mode[1] Mode[0] Subsequent [Wait[2] Wait[1] Wait[0] Enable Rst. Value
Control Strobe (read only) |(read only) |Wait 17711111b
(ROMCitrl) Delay On Read Value
01FF8802 1?711111b
Bit 7 Read/Write strobe Delay On (default = 1)

Bits 6-5 Mode[1:0] ROM interface mode (read only). These 2 bits are read in
directly from 2 pins (the AE[2]/ROM_CFG|0] pin and the
AO[2)/ROM_CFG[1] pin during reset).
00: 8-bit Non Interleave
01: 16-bit Non interleave
10: 16-bit 2way interleave
11: 16-bit fast page mode |
Bit 4 Subsequent access wait states in interleave mode (default = 1)
Bits 3-1 Wait states or initial access wait states in interleave mode (default = 7)
BitO  ROMCSn Enable. (default = 1) |

Note: These controls are also applicable to the optional CS5n.
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Address Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8 Default
CS5 Control Write Strobe [Read/Write [Read/Write |Size Wait[2] Wait[1] Wait[0] Enable Rst. Value
(CS5Ctrl) Early Off Strobe Strobe Delay xxh
01FFE8805 Delay On[1] |On[0] Read Value

00h

Address Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Default
CSO0 Control Write Strobe |Read/Write [(Not Used) |Size Wait[2] Wait[1] Wait[0] 0 Rst. Value
(CSoctrl) Early Off Strobe 00x00000b
01FF8804 Delay On Read Value

00h

Bit 7,15 Write Strobe Early Off (default =0)
Bit 6,14-13 Read/Write Strobe Delay On  (default = 0)
Bit 5 (Not used)
Bit 4,12 Size (default =0 . Byte )

Mode = 0: 8-bit access

1: 16-bit access
Bit 3-1, 11-9 Wait states (default =0)
Bit 8 CSb5n Enable

Note: The enable control for CSO is set by the Battery Control Logic.

Address Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8 Default
CS2 Control Write Read/Write [Read/Write |Size Wait[2] Wait[1] Wait[0] Enable Rst. Value
(Cs2cCtrl) Strobe g"l"be g"l‘)be 01h

Early Off |2€'aY elay
01FF8807 y On[l] On[O] Read
Value
01h

Address Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Default
CS1 Control Write Read/Write |Read/Write |Size Wait[2] Wait[1] Wait[O] Enable Rst. Value
(CS1cCtrl) Strobe gtflobe gtflobe 01h

Early Off |[P€lay elay
01FF8806 y On[l] On[O] Read
Value
01h
Bit 15 Write Early Off strobe (default =0)

Bit[14:13] Read/Write strobe Delay On

(default = 00)

Bit 12 Size (default = 0. Byte)
0: 8-bit access
1: 16-bit access
Bit[11:9] Wait states (default =0)
Bit 8 CS2n Enable (default =1) .
Bit 7 Write Early Off strobe (default =0)
Bit[6:5] Read/Write strobe Delay On (default = 00)
4-32 Conexant 100723A




Hardware Description

MFC 2000 Multifunctional Peripheral Controller 2000

Bit 4 Size (default = 0. Byte)
0: 8-bit access
1: 16-bit access
Bit[3:1]  Wait states (default =0)
Bit 0 CS1n Enable (default = 1)

Address Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8 Default
CS4 Control Write Read/Write |Read/Write |Size Wait[2] Wait[1] Wait[0] Enable Rst. Value
(CS4cCtrl) Strobe S‘gﬁf’e S‘gﬁf’e 01h
01FFsgoF | Early Off On[ﬁ/ On[oﬁl Read

Value
01h

Address Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O Default
CS3 Control Write Read/Write [Read/Write |Size Wait[2] Wait[1] Wait[0] Enable Rst. Value
(CS3Ctrl) Strope | Strobe | Strobe 0th

ela ela
01FF8goE | Early Off On[l)]’ On[O)]/ Read
Value
01h
Bit 15 Write Early Off strobe (default =0)
Bit[14:13] Read/Write strobe Delay On (default = 00)
Bit 12 Size (default = 0. Byte)
0: 8-bit access
1: 16-bit access
Bit[11:9] Wait states (default =0)
Bit 8 CS4n Enable (default = 1)
Bit 7 Write Early Off strobe (default =0)
Bit[6:5]  Read/Write strobe Delay On (default = 00)
Bit 4 Size (default = 0. Byte)
0: 8-bit access
1: 16-bit access
Bit[3:1]  Wait states (default =0)
Bit 0 CS3n Enable (default = 1)

Address Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8 Default
Modem CS (Not Used) [(Not Used) |(NotUsed) |(NotUsed) |(NotUsed) [(NotUsed) [(NotUsed) |Modem Rst. Value
Control Interrupt XXXXXXX0b
(MCSCtrl) Select Read Value
01FF8809 00h

Address Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Default
Modem CS Write Strobe |Read/Write [(Not Used) |Size Wait[2] Wait[1] Wait[0] Enable Rst. Value
Control Early Off Strobe 00x00001b
(MCSCitrl) Delay On Read Value
01FF8808 01lh
Bit 7 Select P80 or external MIRQn interrupt ( default =0, select P80 )

Bit 7 Write Early Off strobe (default =0)

Bit 6 Read/Write strobe Delay On (default = 00)

Bit 5 (Not Used)
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Bit 4

Size (default = 0 . Byte)
0: 8-bit access
1: 16-bit access

Bit 3,2&1 Wait states (default =0)

Bit 0 MCSn Enable. (default = 1)
Address: Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8 |Default:
Flash Memory (Not Used) |[(Not Used) |(Not Used) |(NotUsed) |(NotUsed) [FCS1n value|FCSOn value|FCS1n Rst. Value
Control for NAND  |for NAND [disable ¥8h
(FlashCtrl) ype type Read Value
01FF880B 08h
Address: Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 |Default:
Flash Memory Write Strobe |FCSn (Not Used) [Size Wait[2] Wait[1] Wait[0] FCSOn Rst. Value
Control Early Off NAND-type disable 00x00000b
(FlashCrl) Read Value
01FF880A 00h
Bit 10 Output value of FCS1n when NAND-type memory is used. Not applicable for NOR-type memory.
Bit 9 Output value of FCSOn when NAND-type memory is used. Not applicable for NOR-type memory.
Bit 8 1= Disable FCS1n (default = 0: Enable)

When this bit is set to 1, pin PWM2/FCS1n is used as PWM2.
Bit 7 Write Early Off strobe (default =0)
Bit 6 NAND-type memory is used when this bit is set to 1. (default =0 . NOR type).
Bit 4 Size (default = 0 . Byte)

0: 8-bit access

1: 16-bit access
Bit[3:1] Wait states (default =0)
Bit 0 1= Disable FCSOn (default = 0: Enable)

When this bit is set to 1, pin PWMO/FCSOn is used as PWMO.
4-34 Conexant 100723A




Hardware Description

MFC 2000 Multifunctional Peripheral Controller 2000

Address Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8 Default
RotPacked [ (Not Used) | (Not Used) | (Not Used) | (Not Used) | (Not Used) | (Not Used)| (Not Used) | (Not Used) [Rst. Value
Data register xxh
Access Read
Control Value
(RotPackCitrl) 00h
01FF880D

Address Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Default
RotPacked Write Read/Write |Read/Write |Size Wait[2] Wait[1] Wait[O] Enable Rst. Value
Data register | Strobe gg%@e gterg;e 01h
G| =" fontt [om o
(RotPackCitrl) 01h
01FF880C
Bit 7 Write Early Off strobe (default =0 )

Bit[6:5]  Read/Write strobe Delay On (default = 00)
Bit 4 Size (default = 0. Byte)
0: 8-bit access
1: 16-bit access
Bit[3:1]  Wait states (default =0)
Bit 0 RotPackedData register access enable. (default = 1)
Note: This register is used to set up the access timing for the DMA read from RotPackedData
register to the external PIF device. It provides the control of wait states and RDn width when
accessing the RotPackedData.
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4.3.3 Timing

SIUCLK

(internal clock),

ARM_A[31:0] D< A B C Internal internal D
ALE M ' ' ' "/ “\ ' ' ' ' ' '
- EXT_AD[11:0] [11:0]+2 ( B[23:12] ¥B[11:0] B[11:0]+><B[11:O]+%<3[11:0]+3 C[23:12] >< C[11:0] D[23:12] D[11:0] "+l

o Y

o U U

Read Data ‘

Write Data. | Byte0 BLA B2\ B3

Figure 4-5. Zero Wait State, Single Access, Normal Read, Normal Write
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SIUCLK

(internal clock)

ARM_A[31:0] D< A Internal B c

ALE

EXT_AD[11:0] A23:12] AlLL:0] A[11:0]+2 B[23:12] B[1L:0] B[11:0+1 B[11:0]+2 B[11:0]+3 C[23:12)

CSn

T e N B

WRn

Read Data ‘

Write Data ‘ ByteO Bytel Byte2 Byte3

Figure 4-6. One Wait State, Single Access, One Read, One Write
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SIUCLK |

(internal clock) ,

ARM_A[31:0] D< A B C

- EXT_AD[11:0] AR3:12] ' A[11:0] AlL1:0}+2 B[23:12) B[11:0] BILLOJ+2 C[23:12) Cfi1:0]

CSln

CS2n
on o

WRn

Read Data ‘

Write Data ‘ Byte0 Bytel

Figure 4-7. Two Wait States, Single Access, Read On Delayed (CS1n), Write Early Off (CS2n)
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SIUCLK
(internal clock)
. ]
ARM_A[3L:0] D< Al A2 A3\ A4 A5 A6 A7 A8
' ' ]
] T ' ' ' '
L] ' l l l ' l ' '
. ‘ [
EXT_AD[11:0] A1[23:12) X A1[11:0] f A2[11:0] | A3[11:0]) A4[11:0] || A5[11:0] J(A6[23:12]A6[11:0]) A7[11:0]  A8[11:0]
‘ ]
]
CSn N
]
RDn
]
WRn ' k
]
[]
Read Data ‘
]
Write Data ‘
OCTAL
BOUNDARY
Figure 4-8. Zero Wait State, Burst Access, Normal Read, Normal Write
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SIUCLK

(internal clock)

ARM_A([31:0] D< ‘ A >< A+2 ‘><A+4‘>< B B+2 B+4 B+6 ‘
we N )

EXT_AD[11:0] A[23:12]. A[11:0] A[11:0]+2 A[11:0]+><B[23:12] B[11:0] B[11:0]+2 B[11:0]+4 B[11:0]+6

ROMCSn

RDn

WREN/WROnN

Figure 4-9. Fast Page Mode ROM Access 1,0,0 Read Access Followed by 1,1,1,1, Write Access
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Detail External Bus Timing

SIUCLK

(internal clock)M/—\_/—\_/—\J

“ 3 wait states »

Al1L:0] |

ALE

upper a('jdress }( lower address | : ‘ K >

‘r tpp P tan taaH

*I‘ tALD

Ext. CS's (romcsn,
gpio21(mcsn),gpio7-
4(cs5,2n),
csln,csOn)

»

RDn

WREnN,

—» t

WROnN

GPIO[5] (CS3n),

s Y
ﬂ:twoL‘ JIWD}« 1 s

GPIO[6] (CS4n)

D[15:0] (read)

# tCGD L

TSI
R AIEIKRIKIKRKIEIKKKKERRKEL

SISKKKKKRKK KKK KKK KIKKKKKKIKKKKKKKE
QSISRKKKIKKKKKK KKK KKK KKKKIKKKILKKKKKKL]
L020%620%6% %620 % 0 %20 0 %o 0t et et 0% 0% 0% 620 Yo% e e e e 20 %

DIS |

D[15:0] (write)

L:‘*IDOD -

Figure 4-10. System Bus TimingO Read/Write with Wait States
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zero wait
w state
SIUCLK ‘ |
(internal clock) : \ j
A[11:0] ( upper address lower address >< >
*] tAD [ tas %’ :’_‘5 ‘47 taH
Ext. CS's 1
4" tCSD "
RDn
oo > [* e R
WREn,
WROn

o
‘ twoo# I
GPIO[5] (CS3n), ‘ ‘

GPI0O[6] (CS4n) 3 |
SR # |

D[15:0] (read)

DIOS N DIOH

. % tow
D[15:0] (write) ———— ——
) S — T

LtDOOD >

Figure 4-11. System Bus TimingO Zero-Wait-State Read/Write
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SIUCLK
(internal clock)

A[11:0]

ROMCS,
CSbn

AE[2]

AE[3]

AO[2]

AOI[3]

RDn

D[15:0] (read)

| 4 wait states
«—
(w=4)

— e

| S
1

e

2 wait s=
L e
states ‘ 1

—»
iAD
iAD
th
‘ o > ¢
‘tRD
! R EEIIEEIISI IS E L - SRR 0 70%0%0 70 %0 % e e %4 PSEEIEIN
R R IR KK AR gggg (R
T (X XCAHHHIARHXHHIIHHXHIIHNHXHHAIIKNA RRRRRN] (0000050503050 000203020 P300e0s0gec0sese!
P00.0,0,0,0,0.0,0,0,0,0.0,9,0,9,9.9.9,9,9,9.9.9.9.%.4 0000} |92029,9,0,9,9,9,9,9.9.4 KRXXXXXX
s ‘
tDIS tDIH

Figure 4-12. System Bus TimingO 2-Way Interleave Read Timing (S = 1)
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SIUCLK ‘
(internal clock) |

<+—3wait states (w=3)

| )
—»<—3 wait states

—*<«—3waitstates ——>«——3waitstates —»

A[11:0] (

—» tAD‘i‘

ROMCS, 3
CS5n L

.-
tCSD ' '

AE[2]

AE[3]

AO[2]

AO[3]

WD |

D[15:0] (write) ]gg
tD

o}

WREn, —
WRON tm*JL
e

-

DOH

Figure 4-13. System Bus TimingO 2-Way Interleave Write Timing (S=0or 1)
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Table 4-8. Read/Write with Wait States Timing Parameters

Parameter Symbol Min. Max. Units
Address delay time to 5 20 ns
Chip select delay time teso - 20 ns
Read delay time for the normal case and delay-on) teo 5 18 ns
Write delay time (the normal case, delay-on, and early-off) two 5 12 ns
CSJ[4:3] delay time (gated with read or write strobe) teco - 18 ns
Data input setup time tos 8 - ns
Data input hold time tom 0 - ns
Data output delay time toon - 21 ns
Data output hold time toon 5 21 ns
Read delay time (for zero wait state) teon 5 11 ns
Write delay time (for zero wait state) twoo 5 11 ns
CS[4:3] delay time (gated with read or write strobe for zero wait state) tecon - 20 ns
Data input setup time (for zero wait state) tos 8 - ns
Data input hold time (for zero wait state) toion 0 - ns
Data output delay time (for zero wait state) too0o - 21 ns
Data output hold time (for zero wait state) tooon - 21 ns
2-way interleave address delay time to - 11 ns
ALE address setup time tao 10 ns
ALE address hold time [ 2 ns
ALE delay time b - 10 ns
Address setup time (read and write) tas 3 - ns
Address hold time (read and write) b 2 - ns
Data hold time (write) ton 2 - ns

Note: SIUCLK is the internal system interface clock. These values are for SIUCLK = 30 MHz.
When S=0 in the 2-way interleave read operation, t|sp parameter is still same.

4.3.4 Firmware Operation

Caution Only word or half-word accesses that happen on their respective boundaries are
valid. If the access is to a non-boundary address, the SIU ignores the last 2 LSBs (word access)
or 1 LSB (half word access) and reset the address to the appropriate boundaries.

For 16-bit register, writing a byte to the even address (register address) will update the lower 8-bits of the register.

Writing a byte to the odd address (register address + 1) will update the upper 8 bits of the register. BS[1:0]
indicate which byte is written. Writing a halfword to either the even or odd address will update all 16-bits.
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4.4 Interrupt Controller

4.4.1 Function Description

Table 4-9. MFC2000 Interrupt and Reset Signals

Description External Internal IRQ
Source Source Number
Modem Interrupt MIRQn P80 Core IRQO
Countach Bus System Interrupt Countach Imaging DSP | IRQ1
(irgcbs) Bus System
Print subsystem Interrupt PRTIRQN O IRQ2
Scan Step Interrupt Motor Control Block IRQ3
(irgsstep)
Vertical Print Step Interrupt Motor Control Block IRQ4
(irgvpstep)
SASIF Interrupt O SASIF Block IRQ5
(irgsasif)
DMA ch.2 Interrupt (irqdmaz2) O DMA Control Block IRQ6
Bi-level Resolution Conversion Bi-level Resolution IRQ7
Interrupt (irgbrc) Conversion Block
DMA ch.10 Interrupt (irgdmal0) | DMA Control Block IRQ8
Reset BATRSTn Watchdog Timer &
RESETn power-down lockout N/A
VSC IF Interrupt (irgvsc) O VSC IF Block IRQ9
Timer Interrupt 1 O Interrupt Controller IRQ10
(irgtimer1)
External Interrupt 1 IRQ11 0 IRQ11
PIO Interrupt O PIO Block IRQ12
(irgpio)
External Interrupt 2 IRQ13 0O IRQ13
T.4/T.6 Interrupt O T.4/T.6 Block IRQ14
(irqt4)
SOPIF Interrupt O SOPIF Block IRQ15
(irgsopif)
System Interrupt IRQ16 Power Down Block IRQ16
(irgsys)
Software Interrupt 0 Interrupt Controller IRQ17
(irgsw)
SSIF Interrupt O SSIF IRQ18
(irgssif)
DMA ch.5 Interrupt (irgdma5) DMA Controller IRQ19
SmartDAA IF Interrupt (irgsdaa) SmartDAA IF IRQ20
Timer Interrupt 2 O Interrupt Controller IRQ21
(irgtimer2)
USB Interrupt O USB Block IRQ22
(irqusb)
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This section describes the three methods of interrupting the CPU program flow, which are:

* Reset
* Interrupts for the normal functions (IRQs)
* Interrupt for the development system (through the IRQ16 pin)/Power Down (through the Power Down block)

The reset signal is controlled by the Prime Power Reset block. IRQs and SYSIRQn are managed by the Interrupt
Controller and are sent to the ARM as either an IRQ or a FIQ if enabled. Table 4-9 summarizes the interrupts and
their sources.

4411 Reset

An active level on the CPU Reset input halts program execution and resets the CPU's internal registers. When the
CPU's Reset input is released, the CPU begins program execution at the address located in the reset vector. This
signal can be activated externally by putting low levels on the BATRSTn or RESETn pins, or internally by the
Watchdog Timer or the Battery Power Control logic Lockout circuitry. (For more information, see Section 5-1.)

4.4.1.2 System Interrupt

The system interrupt can be activated externally by the programmable interrupt IRQ16 or by the power down
signal from the Power Down Block. This interrupt is treated the same as other interrupts in the interrupt controller.
Firmware has the responsibility to make it the highest priority and to use it as the NMI function which is provided
by many other CPUs.

The input from the Power Down Block is detected and OR’ed with the programmable external IRQ16 pin. This
combined signal is then synchronized to the rising edge of SIUCLK, and then clocked to the falling edge of
SIUCLK before an interrupt will be operated in the interrupt controller.

For normal system operation, the system interrupt represents a loss of system power, indicated by Power Down
signal going low. The system interrupt control firmware performs the necessary power-down maintenance
operations, and then writes to the Lockout Enable register (LockEnn) to protect the battery backed-up registers
during loss of power. (Note that activating lockout also generates a reset).

4.4.1.3 Interrupts for Normal Functions

The level-mode interrupt is provided for internal and external interrupts. All internal interrupts are high-level
interrupts. The external Modem interrupt is a low-level interrupt. All other external interrupts are programmable to
be either high/low/level/edge interrupts. There are only two kinds of registers needed for the interrupt controller;
one is the interrupt enable register and another is the interrupt event register. The interrupt controller DOES NOT
prioritize the multiple sources of interrupts and DOES NOT generate the interrupt addresses. It only provides
interrupt masking for all of interrupts including the system interrupt (i.e., enable/disable control), and generates
the interrupt request for the CPU.

When the bit corresponding to an interrupt in the interrupt enable register is set, it enables the interrupt request to
cause an interrupt. When the bit is cleared, it masks the interrupt. When the event corresponding to an interrupt
bit in the interrupt event register occurs, this bit needs to be set on the rising edge of SIUCLK whether it is
enabled or not. On the falling edge of SIUCLK, the interrupt controller generates the interrupt (IRQn and FIQn) to
CPU. This interrupt controller has two identical sets of interrupt logic and registers for IRQn and FIQn. Firmware
needs to decide which interrupts trigger IRQn and which interrupts trigger FIQn. In the interrupt subroutine, the
CPU needs to clear the interrupt event from the interrupt source. Then, this bit will be reset at the following rising
edge of SIUCLK. For the software interrupt, the interrupt source is the interrupt bit in the interrupt event register
itself. Therefore, the CPU needs to write a 1 to generate the software interrupt and write a 0 to clear the software
interrupt.

The source of the IRQ is required to latch the interrupt signal and hold the signal active until the CPU processes
the IRQ. The CPU firmware clears the source of the IRQ before exiting the IRQ's service routine. If any IRQ's are
pending when new IRQ's are enabled by either setting the interrupt enable registers or the Interrupt Disable bit in
the CPU Processor Status register, the enabled IRQ causes an almost immediate CPU interrupt [the CPU only
acknowledges interrupts during the op code fetch of an instruction].
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External Interrupts

The optional IRQ13 and IRQ11 external interrupt requests share pins with GPIO9 and GPIO8, respectively, and
these interrupts are enabled by setting the corresponding bits in the IRQ ENABLE registers to 1. These interrupt
enable bits must be set to 0 when using GPIO[9:8] as GPIO to prevent these pins from causing interrupts.

If an external interrupt source is connected to GPIO8 and/or GPIO9, the corresponding GPIO direction control
register must remain set to 0 (GPI) [default] to avoid bi-directional conflicts with the GPIO output.

Dedicated external interrupt pins are provided for an active low modem interrupt (MIRQn). All other external
interrupts (IRQ2, IRQ11, IRQ13, and IRQ16) are programmable to be either active low or high, edge or level
triggered. All external interrupts are resynchronized in the ASIC.

Internal Interrupts

Internal interrupts are provided for the Countach Imaging DSP Bus System (irqcbs), the T.4/T.6 logic (irqt4), the
vertical printer stepper motor (irqvpstep), the scan stepper motor (irgsstep), the parallel 10 block (irgpio), USB
interface (irqusb), the 50ms timerl and timer2 (irgtimerl, irgtimer2), DMA Channel 2 (irqdmaz2), Bi-level
Resolution Conversion (irgbrc), DMA Channel 10 (irqdmal0), Scanner IF (irqvsc), SOPIF (irgsopif ), SASIF
(irgsasif), software interrupt (irgsw), SSIF (irgssif), DMA Channel 5 interrupt (irqdma5), and the SDAA Interface
interrupt (irgsdaa).
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4.4.2 Register Description

4.42.1 IRQ/FIQ Eventl Register

Address: Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8 Default:
IRQFIQEvent1 IRQ15 IRQ14 IRQ13 IRQ12 IRQ11 IRQ10 IRQ9 IRQ8 Rst Value
irgsopif irqt4 irgext2 irgpio irgextl irgtimer1 irqvsc irgdmal0
00h
Event Event Event Event Event Event Event Event
Status Status Status Status Status Status Status Status Read Value
0x01FF8021 00h
Address: Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Default:
IRQFIQEvent1 IRQ7 irgbrc | IRQ6 IRQ5 IRQ4 IRQ3 IRQ2 irgprt | IRQ1 IRQO Rst Value
irgdma2 irgsasif irqvpstep irgsstep irqcbs MIRQ
Event Event 00h
Status Event Event Event Event Status Event Event
Status Status Status Status Status Status Read
Value
0x01FF8020
00h
Bit 15 Internal interrupt from SOPIF block. Read only.
Bit 14 Internal interrupt from T4/T6 block. Read only.
Bit 13 External interrupt 2. Programmable. Read only.
Bit 12 Internal P10 interrupt from PIO block. Read only.
Bit 11 External interrupt 1. Programmable. Read only.
Bit 10 Internal timer 1 interrupt up to 50 ms. Read only.
Bit 9 Internal video scan controller interrupt from VSC IF block. Read only.
Bit 8 Internal DMA channel 10 interrupt from DMA controller block. Read
only.
Bit 7 Internal bi-level resolution conversion interrupt from BLRC block.
Read only.
Bit 6 Internal DMA channel 2 interrupt from DMA controller block.
Read only.
Bit 5 Internal SASIF interrupt from SASIF block. Read only.
Bit 4 Internal vertical print step interrupt from motor control block.
Read only.
Bit 3 Internal scan step interrupt from motor control block. Read only.
Bit 2 External print subsystem interrupt. Programmable. Read only.
Bit 1 Internal Countach bus system interrupt from Countach Bus System.
Read only.
Bit 0 External modem interrupt (active low) or the internal P80 core

interrupt. Read only.
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4.4.2.2 IRQ/FIQ Event2 Register
Address: Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8 Default:
IRQFIQEvent2 (Not (Not Used) | (Not Used) | (Not Used) | (Not Used) | (Not Used) | (Not Used) | (Not Used) | Rst Value
Used) xxh
Read Value
0x01FF8023 00h
Address: Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Default:
IRQFIQEvent2 (Not IRQ22 IRQ21 IRQ20 IRQ19 IRQ18 IRQ17 IRQ16 Rst Value
Used) irqusb irgtimer2 irgsdaa irgdmab irgssif irgsw irgsys x0000000b
Event Event Event Event Event Event Event Read Value
O0xO1FF8022 Status Status Status Status Status Status Status 00h
Bit 6 Internal USB interrupt from USB block. Read only.
Bit 5 Internal timer 2 interrupt up to 50 ms. Read only.
Bit 4 Internal SmartDAA interface interrupt from SmartDAA IF block. Read
only.
Bit 3 Internal DMA channel 5 interrupt from DMA controller block. Read
only.
Bit 2 Internal SSIF from SSIF block. Read only.
Bit 1 Internal Software interrupt. When CPU writes a 1, the software
interrupt is issued. When CPU writes a 0, the software interrupt is
cleared. R/W.
Bit 0 Internal system interrupt from programmable external interrupt 16 or
power down circuit Read only.
4.4.2.3 IRQ Enablel Register
Address: Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8 Default:
IRQEnablel Enable Enable Enable Enable Enable Enable Enable Enable Rst Value
IRQ15 IRQ14 irqt4 | IRQ13 IRQ12 IRQ11 IRQ10 IRQ9 IRQ8 00h
irgsopif irgext2 irgpio irgextl irgtimerl irqvsc irgdmalo Read Value
0x01FF8025 00h
Address: Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Default:
IRQEnablel Enable Enable Enable Enable Enable Enable Enable Enable Rst Value
IRQ7 IRQ6 IRQ5 IRQ4 IRQ3 IRQ2 IRQ1 IRQO MIRQ | ooh
irgbrc irgdma2 irgsasif irgvpstep irgsstep irgprt irgcbs Read Value
0x01FF8024 00h
Bit 15 - 0: When 1 will enable the corresponding interrupt and when 0 will mask

that interrupt out. R/W.
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4.4.2.4 IRQ Enable2 Register
Address: Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8 Default:
IRQEnable2 (Not Used) | (Not Used) | (Not Used) | (Not Used) | (NotUsed) | (NotUsed) | (Not Used) | (Not Used) | Rst Value
xxh
Read Value
0x01FF8027 00h
Address: Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Default:
IRQEnable2 (Not Used) | Enable Enable Enable Enable Enable Enable Enable Rst Value
IRQ22 IRQ21 IRQ20 IRQ19 IRQ18 IRQ17 IRQ16 x0000000b
irqusb irgtimer2 irqgsdaa irgdma5b irgssif irgsw irgsys Read Value
0x01FF8026 00h
Bit3-0: When 1 will enable the corresponding interrupt and when 0 will mask

4.4.2,5 FIQ Enablel Register

that interrupt out. R/W.

Address: Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8 Default:
FIQEnablel Enable Enable Enable Enable Enable Enable Enable Enable IRQ8 | Rst Value
IRQ15 IRQ14 IRQ13 IRQ12 IRQ11 IRQ10 IRQ9 irgdma10 00h
irgsopif irqt4 irgext2 irgpio irgextl irgtimer1 irqvsc Read Value
0x01FF8029 00h
Address: Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Default:
FIQEnablel Enable Enable Enable Enable Enable Enable Enable Enable Rst Value
IRQ7 IRQ6 IRQ5 IRQ4 IRQ3 IRQ2 irgprt | IRQ1 IRQO 00h
irgbrc irgdma2 irgsasif irqvpstep irgsstep irqcss MIRQ Read Value
0x01FF8028 00h
Bit 15— 0: When 1 will enable the corresponding interrupt and when 0 will mask

4.4.2.6 FIQ Enable2 Register

that interrupt out. R/W.

Address: Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8 Default:
FIQEnable2 (Not Used) | (Not Used) | (Not Used) | (Not Used) | (Not Used) | (Not Used) | (Not Used) | (Not Used) | Rst Value
xxh
Read Value
0Ox01FF802B 00h
Address: Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Default:
FIQEnable2 (Not Used) | Enable Enable Enable Enable Enable Enable Enable Rst Value
IRQ22 IRQ21 IRQ20 IRQ19 IRQ18 IRQ17 IRQ16 x0000000b
irqusb irgtimer2 irgsdaa irgdmas irgssif irqgsw irgsys Read Value
0x01FF802A 00h
Bit 3 - 0: When 1 will enable the corresponding interrupt and when 0 will mask

that interrupt out. R/W.
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4.4.2.7 External Interrupt Configuration Register

Address: Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Default
EIRQConfig irgl6edge irgl3edge irglledge irg2edge irqgl6actlo irqgl3actlo irgllactlo irg2actlo Rst
Value
00h
0x01FF802C Read
Value
00h
Bit 7 —4: Write a 1 will configure the corresponding external interrupt to be edge
triggered and write a O will configure it to be level triggered.
Bit 3 - 0: Write a 1 will configure the corresponding external interrupt to be

active low and write a O will configure it to be active high.

4.4.2.8 External Interrupt Clear Register

Address: Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Default:
EIRQClear (Not Used) | (Not Used) | irg21clr irq10clr eirql6clr eirq13clr eirqliclr eirg2clr Rst Value
xx000000b
Read Value
0x01FF802D 00h
Bit 3 - 0: Firmware uses these bits to clear the corresponding edge triggered
external interrupt which is latched in the interrupt controller. After
writing a 1 to clear the interrupts, the bits reset themselves to 0.
Bit 5 —4: Firmware uses these bits to clear the corresponding internal timer
interrupts. After writing a 1 to clear the interrupts, the bits reset
themselves to 0.
4.4.29 Timerl Register
Address: Bit 15 | Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8 Default:
Timerl Timer 1 Value MSB Rst Value
00h
Read Value
OX01FF802F 00h
Address: Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Default:
Timerl Timer 1 Value LSB Rst Value
00h
Read Value
0X01FF802E 00h
Bit 15 - 0: This is the timer value for the timerl interrupt. This value will be

loaded in a counter when the timer interrupt bit is enabled. The value
loaded in this register is dependent on the SIUCLK frequency. This
interrupt period can be programmed up to 50 ms with a programmable
resolution. To write a new timer value into the register, the enable bit
in the IRQ/FIQ Enable register must be disabled first; the new timer
value is then written into the register and the enable bit is set to load
the new timer value into the counter.

4-52

Conexant

100723A




Hardware Description

MFC 2000 Multifunctional Peripheral Controller 2000

4.4.2.10 Timer2 Register

Address: Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8 Default:
Timer2 Timer 2 Value MSB Rst Value
00h
Read Value
0x01FF8031 00h
Address: Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O Default:
Timerl Timer 2 Value LSB Rst Value
00h
Read Value
0x01FF8030 00h
Bit 15 - 0: This is the timer value for the timer2 interrupt. This value will be

loaded in a counter when the timer interrupt bit is enable. The value
loaded in this register is dependent on the SIUCLK frequency. This
interrupt period can be programmed up to 50 ms with a programmable
resolution (see Table 4-10). To write new timer value into the register,
the enable bit in the IRQ/FIQ Enable register has to be disabled first;
the new timer value is then written into the register and the enable bit

is then set to load the new timer value into the counter.

The resolution of the timerl and timer2 is dependent on SIUCLK and can be calculated as follows:
TMRCLK = (SIUCLK/B)/8 = ICLK/8 (value of B is programmable)

Table 4-10. Programmable Resolution of Timerl and Timer2

SIUCLK (MHz) B ICLK (MHz) TMRCLK (MHz) TMRCLK (uSec)
30 3 10 1.25 0.8
30 4 75 0.9375 1.067
375 4 9.375 1.171875 0.833
40 4 10 1.25 0.8
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4.4.3 Timing

SIUCLK

(internal) A AN N N 2 N

o

PRTIRQN(IRQ2)
or
GPIO[8](IRQL1)
o
GPIO[9](IRQ13)
or
IRQ16(SYSIRQ)

Figure 4-14. External Interrupt Request Timing

Note: The MFEP2000 chip resynchronizes MIRQn, PRTIRQn, GPIO[8], GPIO[9], and
IRQ16 signals internally. There are no setup time and hold time requirements for MIRQn,
PRTIRQn, GPIO[8], GPIO[9], MIRQn, and IRQ16 signals with respect to SYSCLK. The four
external interrupts PRTIRQn, GPIO[8], GPIO[9], and IRQ16 can also be programmed as edge
triggered interrupts. In this case, the interrupt signals are implemented as clock into flip-flops
with D-input either tied to high or low; again there is no setup and hold time requirements either.

4.5 DRAM Controller (Including Battery DRAM)

4.5.1 Functional Description

The DRAM Controller interfaces to external memory devices and to the internal ARM7 SIU block. The DRAM
memory space can be divided into two banks of memory which can be independently configured. The system
clock rate that is supported can be up to 40MHz and can support the DRAM characteristics that are listed in the
following tables

Addressing Size: 512K, 1M, 4M, 16M
Organization: 4 bits, 8 bits, or 16 bits
Access Speed: 50, 60, 70, 80 ns

The maximum memory size that is supported for two memory banks is 32M. The DRAM Chip sizes that are
supported go up to 16M, but are limited to the row/column configurations that can be accommodated from the
address multiplexing table (Table 4-12) and the DRAM row/column configuration Table 4-14).

The number of DRAM access and refresh cycle wait states can be programmed from the DRAMCTtrl register.
Specifically, options to control the RAS precharge width, RAS low time, and CAS low time are provided. The drive
capability of the DRAM control signals can support a maximum of 50pF of loading capacitance.

Several types of external DRAM configurations can be supported: non-interleaved (8-bit or 16-bit data bus) and 2-
way interleaved (16-bit data bus) (See Table 4-11). Memory bank 0 can be configured independently from
memory bank 1.
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If a burst of data is sent to the DRAM, the DRAM Controller will run in page mode once the initial access is
completed. The maximum burst length is limited to 8 halfwords (i.e., the maximum burst length coincides with the
CACHE line length) and is controlled by a burst signal that is generated from the SIU. If a burst of data is being
sent to the DRAM, but an octal address boundary occurs, the burst signal will turn off causing a RASn precharge.
It is impossible to go across a page boundary without precharging the RASnh signal.

Note: If a 16-bit wide memory structure is implemented, bursts of data must be 16-bit halfword
bursts. 8-bit byte bursts are only allowed for an 8-bit wide memory structure.

Table 4-11. DRAM Wait State Configurations

Non-Interleaved Modes (8 or 16 bit interfaces)

1 Cycle CASn
30 MHz -50, -60 3 wait state, PG = 1 wait state
2 Cycle CASn
30 MHz -50, -60, -70, -80 3 wait state, PG = 2 wait state (read)
2 wait state, PG = 1 wait state (write)
37.5 MHz and 40 MHz -50, -60 5 wait state, PG = 2 wait state (read)
4 wait state, PG = 1 wait state (write)
37.5 MHz -70 5 wait state, PG = 2 wait state (read)

4 wait state, PG = 1 wait state (write)

Interleaved Mode (16-bit interface)

30 MHz -50, -60, -70, -80 3 wait state, PG = 0,1,0 wait state (read)-Even starting
address, non octal boundary

4 wait state, PG=1,0,1 wait state (read)- Odd starting
address, non octal boundary

2 wait state, PG = 1 wait state (write)

37.5 MHz and 40 MHz -50, -60 5 wait state, PG = 0,1,0 wait state (read)
4 wait state, PG = 1 wait state (write)
37.5 MHz -70 5 wait state, PG = 0,1,0 wait state (read)

4 wait state, PG = 1 wait state (write)

Note: PG = page mode

45.1.1 Memory Bank Structure

DRAM address space can be selected in 2 separate memory blocks (Bank 0: RASn[0] and CASON[0] (8-bit) or
CASOn[1:0] (16-bit) or CASON[1:0] and CASEN[1:0] (interleaved), Bank 1: RASn[1] and CASOn[0] (8-bit) or
CASON[1:0] (16-bit) or CASON[1:0] and CASEN[1:0] (interleaved). Separate control bits are provided in the
Backup Configuration register to enable and disable (default) each of the memory banks. Each bank has separate
configuration controls and the address ranges of the two memory banks is continuous around the midpoint of the
DRAM memory bank. The RASn[1] starting address is 03000000h and grows larger based on the size of the
memory. The end of the RASN[0] bank ends at 03000000h and grows smaller from that point. The memory range
is programmed through the address multiplexer selections for bank 0 and bank 1 in the DRAMCTtr| register.
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45.1.2 Non-Interleaved DRAM Accesses

Non-interleaved DRAM accesses are available for 8-bit or 16-bit data bus. Byte access is available for both 8-bit
and 16-bit data bus and 16-bit halfword access is available for 16-bit data bus. DRAM early-write mode, normal
read mode and page mode are supported. Read-modify-write is not supported.

Note: 16-bit DRAMs must have upper and lower CAS’s in order to work with the DRAM
controller. 8-bit bursts of data will not work with a 16-bit wide memory structure.

02000000h ~

02800000h

/ RASN[0] %
03000000h <

@ RASN[1] @
03400000h S

04000000h J

NOTE: In this example, Bank 0 is 8M and Bank 1 is 4M.

Figure 4-15. DRAM Bank/Address Map

45.1.3 2-way Interleaved DRAM Accesses

The two-way interleaved DRAM interface can support up to four 16-bit wide devices a maximum of 8M deep.
Bank 0 is selected with RASn[0] and bank 1 is selected with RASn[1]. CASEN[1:0], CASOn[1:0], DWRn, DOEORn,
DOEEN, ADDR, and DATA are common between the two banks. 2-way interleaving is limited to a 16-bit wide
databus. 8-bit or 16-bit wide devices can be used. The ARM CPU can write 32-bit words, 16-bit halfwords or bytes
to the memory banks. The addressing to the interleaved DRAMSs starts with address bit 2. Bits 1 and 0 are used
internally to generate the proper CASON[1:0] and CASEN[1:0] signals. When the memory structure is configured
for two-way interleaving, byte bursts are not allowed. Only bursts of 32-bit words or 16-bit halfwords are allowed.
The maximum burst length is eight 16-bit halfwords. The burst length is controlled by the DRAMBURST signal
that is sent from the SIU. The external memory structure can use the output enables directly to the memory
device or for increased speed can use external bus transceivers. Bus contention must be considered when the
output enables are tied directly to a DRAM memory.
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Table 4-12. Address Multiplexingd Part 1

Address Select Option 000 Select Option 001 Select Option 010 Select Option 011
Multiplexing

Register
Physical Address ROW COL. ROW COL. ROW COL. ROW COL.
A[13] A[22] A[13] A[23] A[13] A[24] A[13] A[25] A[13]
A[12] A[21] A[12] A[22] A[12] A[23] A[12] Al24] A[12]
A[11] A[20] A[11] Al21] A[11] Al22] A[11] Al23] A[11]
A[10] A[19] A[10] A[20] A[10] Al21] A[10] Al22] A[10]
A[9] A[18] A[9] A[19] A[9] A[20] Al9] A[21] A[9]
A[8] A[17] A[8] A[18] A[8] A[19] A[8] A[20] A[8]
Al7] A[16] Al7] A[17] Al7] A[18] Al7] A[19] Al7]
Al6] A[15] Al6] A[16] Al6] A[17] Al6] A[18] Al6]
A[5] A[14] A[5] A[15] A[5] A[16] A[5] A[17] A[5]
Al4] A[13] Al4] Al14] Al4] A[15] Al4] A[16] Al4]
A[3] Al12] A[3] A[13] A[3] Al14] A[3] A[15] A[3]
Al2] A[11] Al2] A[12] Al2] A[13] Al2] A[14] Al2]
Al1] A[10] Al1] A[11] Al1] A[12] Al1] A[13] Al1]
A[Q] Al9] A[0] A[10] A[0] A[11] A[0] Al12] A[0]

Table 4-13. Address Multiplexingd Part 2
Address Select Option 100 Select Option 101 Select Option 110 Select Option 111
Multiplexing

Register
Physical Address ROW COL. ROW COL. ROW COL. ROW COL.
A[11] A[24] A[13] A[23] A[13] A[24] A[12] Al22] A[12]
A[10] A[23] Al12] Al22] Al12] A[23] A[11] Al21] A[11]
A[9] Al22] A[11] Al21] A[11] Al22] A[10] A[20] A[10]
A[8] Al21] A[10] A[20] A[10] Al21] Al9] A[19] Al9]
Al7] A[20] Al9] A[19] Al9] A[20] A[8] A[18] A[8]
Al6] A[19] A[8] A[18] A[8] A[19] Al7] A[17] Al7]
A[5] A[18] Al7] A[17] Al7] A[18] Al6] A[16] Al6]
A[4] A[17] Al6] A[16] Al6] A[17] Al5] A[15] Al5]
A[3] A[16] A[5] A[15] A[5] A[16] Al4] Al14] Al4]
Al2] A[15] Al4] A[14] Al4] A[15] Al3] A[13] Al3]
A[1] A[14] Al3] A[13] Al3] A[14] Al2] A[12] Al2]
A[0] A[13] Al2] Al12] Al2] A[13] Al1] A[11] Al1]
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Table 4-14. DRAM Row/Column Configuration

Memory Size Address Multiplex Supported/Not Supported Row/Column Configuration
Setting
8-bit 16-bit 2-wy Row Column
intrl.
256K x 8 000 000 000 Supported 9
256K x 16 DRAMSs 000 000 000 Supported 9
Not Supported 10 8
512K x 8 000 000 000 Supported 10 9
IMx38 001 001 001 Supported 10 10
1M x 16 DRAMs 001 001 001 Supported 10 10
Not Supported 12 8
4Mx 8 010 010 100 Supported 11 11
4M x 16 DRAMs 001 111 101 Supported 12 10
Not Supported 13 9
16M x 8 011 110 Supported 12 12
Not Supported 13 11

45.1.4 Refresh Operation

DRAM Refresh is performed automatically using the CAS-before-RAS method. Three different refresh speeds are
supported: slow, normal and fast. These speeds are selected by bits in the backup configuration register. The
refresh time is based on the crystal oscillator frequency and the refresh rate that is selected. During prime power
when it is time to refresh the DRAM, a CAS-before-RAS refresh cycle will be inserted. If the DRAM is being
accessed when a DRAM refresh is requested, the refresh cycle is not inserted until the access is complete. The
maximum burst length that the DRAM Controller will see is 8 halfwords (i.e., the maximum burst length coincides
with the CACHE line size). The maximum burst length is controlled by the SIU with the DRAMBURST signal that
is sent to the DRAM Controller.
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4515 Power Down Mode

When the ASIC is powered down, the DRAMSs cannot be accessed. Only DRAM refresh will continue on battery
power (VDRAM). Refresh timing is generated from a one shot and an internal gate delay circuit during battery
powered operation. To ensure a smooth transition from VDD refresh to battery powered refresh, a control signal
from the power reset block allows the DRAM controller to switch from VDD refresh to battery refresh when power
is down. When the prime power is reapplied, the refresh logic switches back to VDD refresh. The refresh speed
selected using the BackupConfig register remains in force during the battery backed up mode. The DRAM
Backup time duration is defined by the two DRAM Backup time bits in the BackupConfig register. No backup, 1-2
days, 2-3 days, and infinite are the backup options.

Note: The AMFPC ASIC uses a 3V process; therefore, if the DRAM memory structure is to be
backed up, for the lowest power consumption 3 DRAMs should be used. Also, any external
circuitry must also be battery powered. The output pads of the AMFPC are only 5V tolerant
during high Z. The simplified block diagram for the DRAM controller is illustrated in Figure 4-16.

EXTERNAL ADDRESS >
< DATABUS >
SIU
DRAM CONTROLLER
——DOEOn—»
———SIUCLK——p DRAM CONTROL DRMAAI\éI::;I'NAETE
<4—DRAMRDY —— BANK 0
«DRAM CNTL.— BANK 1
BATTERY BACKED UP LOGIC ——RASN[1:0]—»
. BACKUP . I :
DRAM ADDR—» . REGISTER CASEn[1:0]—»
"""""""" - DWRn—»
REFRESH
SPEED ONESHOT SWITCH MUX
——SIU CNTL—
A
""" 7L RTC Battery
OSCCLK,
CO_1DAY [_] oram Battery

Figure 4-16. Simplified DRAM Controller Block Diagram
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addr[u:0
. [u:0]
| . data[7:0] n
< »
RASN[1] - Bank'l
»  DRAM (8-bit
. CASOn[0] > Non-interleaved)
. DWRn » WEn
DOEON (W
n (Wron) » OEn
DOEON (WRon)
° data[15:0] . | Q- |4 »
"l switch [ g
. addr[11:0] >
Asic - RASN[0] »  DRAM
CASOn[0] »
»
CASOn[1] »
Ll
OEn
. DWRn » WEn
L Bank 0
DOEen (WRen)+ = (Interleaved)
data[15:0] Q- P »
"1 switch [ g
addr[11:0] »
»
RASN[0] . DRAM
Ll
CASEN[0] »
CASEN[1] 4
OEn
DWRn > WEn

Figure 4-17. DRAM Interface Example

Figure 4-17 gives an example of how each bank of DRAMs might be setup for non-battery back-up DRAM
system. In this example, Bank 0 is setup for an 8-bit non-interleaved memory bank and Bank 1 is setup with a 16-
bit 2-way interleaved DRAM bank.

Note:

1. DWRn is a battery backed-up signal and is ‘high’ during the battery back-up mode. All inputs
of the prime powered logic will have ‘no power’ or ‘low’ during the battery back-up mode.
Therefore, all external logic, which uses DWRn, should be battery backed-up logic and
should be gated with WRPROTN to ensure that outputs are ‘low’ when the prime power is off
for the battery back-up DRAM operation.

2. DWRn, CASOQ[1:0]n and CASE[1:0]n are shared by both DRAM banks (RAS[0]n and
RAS[1]n). If you only want to back up one bank by battery power, all shared signals should
be separated by the external logic and should follow the rule in note 2.
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4.5.2 Register Description

Address Bit 15 | Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8 Default
DRAM Control Bank 1 Address Multiplexing Bank 1 Bank 1 Bank 1 Bank 1 Non-interleaved |Rst. Value
Register Increase 2-cycle 1-cycle Speed Control x0000000b
(DRAMCItrI1) RAS Cycle |RAS RAH 00 = Fast Mode Read Value
$01FF8821 Time Precharge 01 = Normal Mode 00h

10 = Slow Mode
11 =N/A

Address Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Default
DRAM Control Bank 0 Address Multiplexing Bank 0 Bank 0 Bank 0 Bank 0 Non-interleaved [Rst. Value
Register Increase 2-cycle 1-cycle Speed Control x0000000b
(DRAMCrI1) RAS Cycle |RAS RAH 00 = Fast Mode Read Value
$01FF8820 Time Precharge 01 = Normal Mode 00h

10 = Slow Mode
11 =N/A

Register Description: The DRAM Control register is used to program the two DRAM banks for the type of

operation that is desired.

Bits 15-13: Bank 1 Address Multiplexing

This register controls the addressing multiplexing for Bank 1

This register will add one cycle after the refresh cycle prior to RAS
precharge to meet Trc (RASN cycle time). This is needed in order to
use 70 ns DRAMSs while running at 39MHz.

This register will increase the RASn[1] Precharge time from 1 to 2
clock cycles.

This register will increase the RASNn[1] address hold time. When this
bit is set, the address will be multiplexed 1 clock cycle after the falling
edge of RAS[1]n. The default setting will multiplex the row/column
address Y2 clock cycle after the falling edge of RAS[1]n.

Bit 12: Bank 1 Increase RAS Cycle Time
Bit 11: Bank 1 2-cycle RAS Precharge
Bit 10: Bank 1 1-cycle RAH

Bit 9-8: Bank 1 Speed Control

These registers will control the speed of the DRAM interface for bank
1 when in the non-interleaved mode. This register controls the width of
the CASn signal. These bits are ignored in interleaved mode.

Bit 9 Bit 8 Non-Interleaved Operation:
0 0 CASn is % clock cycle wide.
0 1 CASn is 1 clock cycle wide.
1 0 CASn is 2 clock cycles wide for Read
and 1 clock cycle wide for write.
1 1 N/A

Bits 7-5: Bank 0 Addressing Multiplexing:

This register controls the addressing multiplexing for Bank 0
(Table 4-12).

100723A

Conexant 4-61




MFC2000 Multifunctional Peripheral Controller 2000 Hardware Description

Bit 4: Bank O Increase RAS Cycle Time
This register will add one cycle after the refresh cycle prior to RAS
precharge to meet Trc (RASN cycle time). This is needed in order to
use 70 ns DRAMSs while running at 39MHz.

Bit 3: Bank 0 2-cycle RAS Precharge
This register will increase the RASn[0] Precharge time from 1 to 2
clock cycles.

Bit 2: Bank 0 1-cycle RAH

This register will increase the RASNn[0] address hold time. When this
bit is set, the address will be multiplexed 1 clock cycle after the falling
edge of RAS[O]n. The default setting will multiplex the row/column
address Y2 clock cycle after the falling edge of RAS[1]n.

Bits 1-0: Bank 0 Speed Control
These registers will control the speed of the DRAM interface for bank
0 when in the non-interleaved mode. This register controls the width of
the CASn signal. These bits are ignored in interleaved mode.

Bit 1 Bit 0 Non-Interleaved Operation
0 0 CASn is % clock cycle wide.
0 1 CASn is 1 clock cycle wide.
1 0 CASn is 2 clock cycles wide for Read
and 1 clock cycle wide for write.
1 1 N/A
Address Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8 Default
Backup (Not Used) |(Not Used) [Internal Batrstn Lockenn SRAM Bank 1 Bank 0 Rst. Value
Configuration Power Down|Detected | Timeout Enable Data Data Xxxxx000b
Register Select Detected 0 = disable |interface interface | pead value
(BackupConfig) 1=enable |SiZ& Size: 00h
$01FF8099 0 = 8-hit 0 = 8-hit
1 = 16-bit 1 =16-bit
Address Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Default
Backup DRAM Backup Time Refresh Oscillator Bank 1 Bank 0 Bank 1 Bank 0 Rst. Value
Configuration 0 = no backup Rate Speed Enable Enable Interleave Interleave |oonh
Register _ 1=1-2 days O0=normal (0= 0=disable |0 =disable |Enable Enable Read Value
(BackupConfig) |5 _ 5 3 gays 1 =slow 32.768kHz |1 =enable |1=enable |0=Non 0=non  |ooh
interleaved |interleaved
$01FF8098 3 = infinite days 1= - -
65.536 kHz 1=2way |1=2way
interleaved [interleaved

Register Description: This register is set to all zeros when first powered up and is battery backed up with the
RTC Battery during power down. When a time out condition occurs, the RASn and CASn signals are tri-stated.
When prime power has returned from a power down sequence, the user will have to perform a checksum on the
DRAM data to know if a time out has occurred since there is no indication that the DRAM battery has lost power.
The user will have to wait 1ms before accessing the DRAM after prime power has returned.

Bits 15-14:
Bit 13:

Not used

Internal Power Down Select

0 = PWRDWNN is generated by or-ing power_down1 with
power_down2
1= PWRDWNN is generated by and-ing power_down1 with
power_down2
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circuit 1 and 2.

Note: Power_downl and power_down2 are output signals from the power-down detection

Bitl12: Betrstn Detected

Bit11:

Bit10: SRAM Chip Select Enable

Bit 9: Bank 1 Interface Size

Bit 8: Bank O Interface Size

Bits 7-6: DRAM Battery Backup Time

This bit indicates that a betrstn occurred. To clear this bit, a 1 must be
written to this bit.

This bit indicates that a power down occurred, but no lockout was set
within the 1-2 second period. The lockout timer initiated the lockenn to
create the lockout condition. Once the lockout condition occurs, if the
power down signal is high, the chip will come out of reset after a pudl
delay. To clear this bit a 1 must be written to this bit.

This bit enables the SRAM chip select CSNO.

This register defines whether the data bus to the bank 1 DRAMs is 8
bits wide or 16 bits wide. An 8-bit wide DRAM interface uses RASN[1]
and CASOnN[0]. A 16-bit wide non-interleaved DRAM interface uses
RASN[1] and CASOnN[1:0]. A 16-bit wide interleaved DRAM interface
uses RASn[1], CASEN[1:0], and CASOn[1:0].

This register defines whether the data bus to the bank 0 DRAMs is 8
bits wide or 16 bits wide. An 8-bit wide DRAM interface uses RASN[0]
and CASON[0]. A 16-bit wide non-interleaved DRAM interface uses
RASN[0] and CASOnN[1:0]. A 16-bit wide interleaved DRAM interface
uses RASN[0], CASEN[1:0], and CASOn[1:0].

These bits control the amount of time that the DRAM controller will
spend refreshing the DRAMs when in the battery backup mode. After
reset when the CPU is being released to run, the CPU will not be able
to write data to bits 7 and 6 of the BackupConfig register immediately
since the immediate write will not take effect. The CPU must wait at
least one oscillator clock cycle before writing data into bits 7 and 6.

Bit 7 Bit 6 Battery Backup Duration:
0 0 No battery backup (default)
0 1 1-2 days
1 0 2-3 days
1 1 Infinite

Bit 5-4: DRAM Refresh Rate

These bits are used to set up the DRAM refresh rate. See the following table:
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Bits 3:

Bit 2:

Bit 1:

Bit O:

Refresh Oscillator Refresh Description:
Speed: Speed: Speed:
(bit 5) (bit 4)
0 0 normal RTC crystal frequency = 32.768 kHz,
Refresh clock = the crystal frequency = 32.768 kHz,
The refresh cycle time = 15.625 ms/1024 cycles.
0 1 fast RTC crystal frequency = 65.536 kHz,
Refresh clock = the crystal frequency = 65.536 kHz,
Refresh cycle time = 7.8125 ms/1024 cycles.
1 0 slow RTC crystal frequency = 32.768 kHz,
Refresh clock = the crystal frequency/8 = 4.096 kHz
Refresh cycle time = 125 ms/1024 cycles.
1 1 slow RTC crystal frequency = 65.536 kHz,
Refresh clock = the crystal frequency/16 = 4.096 kHz
Refresh cycle time = 125 ms/1024 cycles.

Bank 1 Enable

Bank 0 Enable

Bank 1 Interleave Enable

Bank O Interleave Enable

This bit controls whether or not the Bank 1 DRAMs will be enabled.
The Enable signal will allow CAS before RAS refresh to occur based
on the non-interleave or interleave setting. If the bank setting indicates
a non-interleaved mode, RASN[1] and CASOn[0] (8-bit mode) or
CASOnN[1:0] (16-bit mode) will refresh the DRAM. If the bank setting
indicates an interleaved mode, RASn[1], CASOn[1:0] and CASEnN[1:0]
will refresh the DRAM. DWRn will be high during refresh. If bank 1 is
disabled, RAS[1]n will be tri-stated and all appropriate CASn’s will be
tri-stated based on mode settings.

This bit controls whether or not the Bank 0 DRAMSs will be enabled.
The Enable signal will allow CAS before RAS refresh to occur based
on the non-interleave or interleave setting. If the bank setting indicates
a non-interleaved mode, RASN[0] and CASOn[0] (8-bit mode) or
CASOnN[1:0] (16-bit mode) will refresh the DRAM. If the bank setting
indicates an interleaved mode, RASNn[0], CASOn[1:0] and CASEN[1:0]
will refresh the DRAM. DWRn will be high during refresh. If bank 0 is
disabled, RAS[O]n will be tri-stated and all appropriate CASn’s will be
tri-stated based on mode settings.

This register defines whether the bank 1 DRAMSs are to be accessed
using 2-way interleave or non interleaved access. 2-way interleaved
access is only valid with a 16-bit interface (the 16 bit vs. 8 bit interface
size bit for bank 1 is ignored by the DRAM controller, but is used by
the SIU to output the data correctly).

This register defines whether the bank 0 DRAMs are to be accessed
using 2-way interleave or non interleaved access. 2-way interleaved
access is only valid with a 16-bit interface (the 16 bit vs. 8 bit interface
size bit for bank 1 is ignored by the DRAM controller, but is used by
the SIU to output the data correctly).
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4.5.3 Brief Timing

No matter which mode you use and which address you access, the DRAM access timing is lined up with the octal
halfword boundary.

A AVAVAR AR AVARAVAVAVAEAY

RASN[0]

e T
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SIUADDR ( s NadGeafEa ave s

cursoon — {ror o Mool o el TR
DATA X{ OO XX

NOTE: In this example, a =...01010, a+2=...01110, a+4=...10000

Figure 4-18. 8-bit Memory Data Bus

The timing diagram illustrates an 8-bit memory data bus, a burst of halfword transfers (3 halfwords) from the
ARM7 or DMA, for % cycle CASn and PG = zero wait states (non-interleaved). It also illustrates the octal halfword
boundary that will cause the SIU to terminate the burst and cause the DRAM Controller to regenerate the RASn
precharge time. This interface speed can only be used at slow frequencies.
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Figure 4-19. 16-bit Memory Data Bus
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The timing diagram illustrates a 16-bit memory data bus, a burst of word transfers (2 words) from the ARM7 for
full clock width CASn and PG = one wait state (non-interleaved). It also illustrates that the octal halfword boundary
doesn’t occur in the middle of the burst of word transfers.
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Figure 4-20. CASn Non-Interleaved 8-bit DRAM Read

