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MC6809E



(1.0 MHz) MC68A09E



(1.5 MHz) MC68B09E



(2.0 MHz) a-BIT MICROPROCESSING UNIT



~



1



The iVl C6809E is a revolutionary high performance 8-bit microprocessor which supports modern programming techniques such as position in dependence, reentrancy, and modular programming, This third-generation addition to the iVl6800 family has major architectural improvements which include additional registers, instructions and addressing modes, The basic instructions of any computer are greatly enhanced by the presence of powerful addressing modes, The iVlC6809E has the most com plete set of addressing modes available on any 8-bit microprocessor today, The iVlC6809E has hardware and software features which make it an ideal processor for higher level language execution or standard control 1er applica tions, External clock inputs are provided to allow synchronization with peripherals, systems or other iVl PUs, MC6800 COMPATIBLE • Hardware - Interfaces with Ail iVl6800 Peripherals • Software - Upward Source Code Compatible Instruction Set and Addressing iVlodes



ARCHITECTURAL FEATURES



• Two 16-bit Index Registers • Two 16-bit Indexable Stack Pointers • Two 8-bit Accumulators can be Concatenated to Form One 16-Bit Accumulator • Direct Page Register Allows Direct Addressing Throughout iVlemory HARDWARE FEATURE'3 • ::\:=-~e= CCK 1;!êL:S, :: ard 0, .L'liovv Syncrlrcnlzmion • TSC Inpul Comrals !rlternal Bus Buffers • L1C Indicates Opcode Fetch • AViVlA Allows Efficient Use of Common Resources in A Multiprocessor System • BUSY is a Status Line for Multiprocessing • Fast Interrupt Request Input Stacks Only Condition Code Register and Program Counter • Interrupt Acknowledge Output Allows Vectoring By Devices • SYNC Acknowledge Output Allows for Synchronization to External Event • Single Bus-Cycle RESET • Single 5-Volt Supply Operation • NMI Inhibited After RESET Until After First Load of Stack Pointer • Early Address Valid Allows Use With Siower Memories • Early Write-Data for Dynamic Memories



SOFTWARE FEATURES



• 10 Addressing Modes



.. M6800 Upward Compatible Addressing Modes



.. Direct Addressing Anywhere in Memory iVlap



.. Long Relative Branches



Program Counter Relative



li .. True Indirect Addressing



.. Expanded Indexed Addressing:



0, 5, 8, or 16-bit Constant Offsets 8, or 16-bit Accumulator Offsets Auto-Increment/Decrement by 1 or 2 • Improved Stack Manipulation • 1464 Instruction with Unique Addressing Modes • 8 x 8 Unsigned Multiply • 16-bit Arithmetic • Transfer/Exchange Ail Registers • Push/Pull Any Registers or Any Set of Registers • Load Effective Address



HMOS (HIGH-DENSITY N-CHANNEL, SILICON-GATE)
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MICROPROCESSING



UNIT 
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~':UM RATINGS



Rating



1



:: ~ == , \! oltage -=o~ Voltage :::cerating Temperature Range MC6809E, MC68A09E, MC68B09E



Value



Unit 



VCC 



-0.3to+7,0



V 



Vin 



-0.3 to + 7.0



V 



TL to TH



o to



TA 



Storage Temperature Range



Thermal Resistance Ceramic Cerdip Plastic



This device contains circuitry to protect the inputs against damage due to high static voltages or electric fields; however, it is ad vised that normal precautions be taken to avoid application of any voltage higher than maximum rated voltages to this high im pedance circuit, Reliability of operation is enhanced if unus ed inputs are tied to an appropriate logic voltage level (e.g., either VSS or VCC).



oC 



+ 70



oc 



-55 to + 150



Tstg 



THERMAL CHARACTERISTICS Characteristic



1



Symbol 



Symbol 



Value



Unit



{)JA 



50 60 100



°C!W



POWER CONSIDERATIONS The average chip-junction temperature, T J, in oC can be obtained fram: (1 )



TJ=TA+(PO·OJAI Where: TA == Ambient Temperature, oC OJA == Package Thermal Resistance, Junction-to-Ambient, °C/W PO==PINT+PPORT PINT==ICCxVCC, Watts -



Chip Internai Power



PPORT== Port Power Dissipation, Watts -



User Oetermined



For most applications PPORT~ PINT and can be neglected, PPORT may become significant if the ds\ :::s 3 corflgured to drive Oarlington bases or sink LED loads, An appmximate relationship between PD and T J (if PPORT is neglectedl is: PO=K-+-(TJ+273°Cl 



(2)



Solving equations 1 and 2 for K gives: (3) K = PO",n A + 273°C) + 8JA"'P 0 2 Where K is a constant portaining to the particular part. K can be determined from equation 3 by measuring PD (at equilibriuml for a known TA Using this value of K the values of PD and TJ can be obtained by solving equations (1) and (2) iteratively for any value of TA,



OC ELECTRICAL CHARACTERISTICS (V CC = 5.0 V



=5'"



\,' S S = =,



-



-



-



-



- .-



Characteristic Input High Voltage Input Low Voltage



Logic,O, RESET E Logic, 0, RESET



E



Logic, 0, RESET



E 



Input Leakage Current (Vin = 0 to 5,25 V, VCC = max) DC Output High Voltage



00-07



IILoad = -205 fLA, VCC = min) AO-A15, R!W



(ILoad = -145 fLA, VCC = min) BA, BS, L1C, AVMA, BUSY (ILoad = -100 flA, VCC = min) OC Output Low Voltage



(ILoad = 2.0 mA, Vce = min)



Internai Power Dissipation IMeasured at TA= TL in Steady State Operation)



Capacitance'



00-07, Logic Inputs, Q, RESET



(Vin = 0, TA = 25°C, f = 1.0 MHz) E



AO-A15, R!W, BA, BS



Lie, AVMA, BUSY



Frequency of Operation (E and Q Inputs) Three-State (Off State) Input Current (Vin = 0.4 to 2.4 V, VCC = max)



MC6809E



MC68A09E



Me68B09E



00-07



AO-A15, R/W 



-



- _- sss otherwise noted.1



Symbol



Min



VIH



VIHP. VIHC VIL VILC



VSS + 2.0 VSS ~ 4.0 VCC-:l75 VSS - 0.3 VSS-0.3



lin



-



Typ -



-



Max VCC VCC VCC+0,3 VSS + 0,8 VSS+O.4 2.5 100



V flA



-



-



-



-



VOL



-



-



VSS + 0.5



V



PINT Cin



-



-



1.0



W



-



10 30



15 50



pF



Cout



-



10



15



pF



0.1 0.1 0,1



-



f



1.0 1.5 20



MHz



-



2.0



-



-



10 100



flA



ITSI



-



'Capacitances are periodically tested rather than 100% tested,
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V



VSS + 2.4 VSS + 2.4 VSS + 2.4



VOH



-



Unit



V



BUS TIMING CHARACTERISTICS ISee Notes 1 2 3 and 4) loent,



Symbol



Characteristics



N~:nber



MC6809E Min Max



MC68A09E Min Max



MC68B09E Min Max



Unit



t cyc PWEL



1,0



10



0,667



10



0,5



10



p's



,;:lu,se Width, E Low



450



9500



295



9500



210



9500



ns



-



Puise Width, E High



PWEH



450



9500



280



9500



220



9500



ns



:.



Clock Rise and Fall Time



t r, t f



-



25



25



-



20



ns



-



Pulse Width, 0 High



PWOH



450



9500



280



9500



220



9500



ns



Delay Tlme, E to 0 Rise



tEOl



200



-



130



-



100



-



ns



7,1::.,



Delay Time, 0 High ta E Rise



tE02



200



-



130



-



100



-



ns



78



Delay Time, E High to 0 Fall



tE03



200



-



130



-



100



-



ns



7C



Delay Time, 0 High to E Fall



tE04



200



-



130



-



100



-



ns



20



-



20



-



ns



-



110



ns



,=,ce lime ~



~



-



9



Address Hold Time



tAH



20



-



11



Address Delay Time fram E Low IBA, BS, R/WI



tAO



-



200



-



17



Read Data Setup Time



tDSR



80



-



60



-



40



-



ns



18



Read Data Hold Time



tDHR



10



-



10



-



10



-



ns



20



Data Delay Time from 0



tDDO



-



21



Write Data Hold Time



tDHW



30



-



30



-



30



-



ns



29



Usable Access Time



tACC



695



-



440



-



330



-



ns



tCD



-



300



-



Interrupts, HAL T, RES ET, and TSC Setup Time (Figures 7,8,9, 10, 13, and 14)



tpcs



200



-



Control Delay Time 1Figure 21



200



-



140



140



140



250 -



110



-



-



110



ns



Tse Drive to Valid Logic Level (Figure 141



tTSV



-



210



-



150



-



120



ns



tTSR



-



200



-



140



-



110



ns



TSC Three-State Delay Time 1Figure 141



tTse



-



120



-



85



-



80



ns



Processor Control Rise and Fall Time (Figure 81



tPCr, tpef



-



100



-



100



-



100



ns



READ/WRITE DATA TO MEMORY OR PERIPHERALS



fi' ,.:J



0



~ VIH



~



VILC



4-0 .. CV



VILe



7A



0



~



N'IHe VIHf



f:::'\



®



--.



---0



~



...



®~



~0







r-0



K>--:::.j3 CLR



2



8



"'x>-4J~....r-:>E ta Processor



74LS04



+5V NOTE: If optional circuit is not included the CLR and PRE inputs of U2 and U3 must be tled hlgh.



FIGURE 12 -



READ-MODIFY-WRITE INSTRUCTION EXAMPLE (ASL EXTENDED INDIRECT)



Memory Contents



Memory Location



Contents Description



--. PC- $0200



$68



ASL Indexed Opcode



$0201



$9F



Extended 1ndirect Postbyte



$0202



$63



Indirect Address Hi-Byte



$0203



$00



Indirect Address Lo-Byte



$0204



Next Main 1nstruction



---.



L....-- $E3



Effective Address Hi-Byte



$6301



$06



Effective Address Lo-Byte



$E3D6



$5C



Target Data



$6300



'-------- ®



I---------!
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-) Last Cycle of Current lnstr. 1



m-1



BUSY TIMING
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m



1



1



m+1



1



m+2



1



m+3



1



m+4



rn+5



1



1



m+6



1



m+7



rn+8



1



1



m+9



rn+10



1



1



n



1



E~ LJ-~~



Q



@



~



a'J ~



Address



~



$0200 Data



X



$0201



X



AVMA



X $9F



X $0203



YL__ ~ $FFFF



X



$6300



X



$63



$00



X $6301



X



~ VMA



X $FFFF



X



$E3



$06



X $E3D6



X $FFFF



$5C



/



/



\



j,-------



\'----



1 \



/



\



~



El
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(')



t:



Q



(')



0



""'Il



'1)



E



a ê" (')



~



-, ~



f)



\'----__



.~~



en (1) 3-. 0 :3 Cl



_



/



-~



~



CAl



X,--_ $B8



/



\



y



$0204



X VMA



~



À



C



X $E3D6



X=~ VMA



y



R/W~



LlC



X $0202



X $68



BUSY



X



C~



TSC



\ .,pc~~ rI/Y



~ ~'rsD



1



)



1



1



1



R/W,ADDR------------,~ MPU DATA



TSC TIMING



\



'TSV



(1 ~



r 1C 1



Jf



1



-1 ri



f~tPcs_



'TSR:',.j



h-tDDW








r-'TSV



~ ~tTSV



_



-



4~



L



--



c



77



Z V



A+M+C-A B+M+C-B



1 1



1 1



1 1



1 1 Il!



A+M-A B+M-B D+M'M+l-D



t



1



1



;



·



1



1



;



1



" 1



1



:



·0100 .0100 ·0100 i -



1_



~:--=::'::



','



;~=,,....,



==--~::r8



\~



frorT' B



A



Cc"'pace V1.M+l from D



C~\/IPX



5 7



CMPY 8C



1



9C



AC



COMB COM



03



6



2



63



6+



2+



73



7



1 1



1 1



1 1



1 1



1



1



1



1



COI',pare M M + 1 from S



•



1



1



1



Compare M.M Tl irom U



•



1



1



1



Compare M M + 1 t'Dm X Compare M MT 1 tram y



ID



t



l



1



•



1



1



1



3



88 C8



2



2



2



2



OA



6



2



6A



6+



2+



7A



7



3



98 D8



4



2 2



A8 E8



4+ 4+



2+ 2+



B8 F8



5 5



3 3



01



1



1 A-l-A 1 B-1-B M-l-M



1 1



• •



1



•



2



1E



8



INCA INCB INC



4C SC



2 2



OC OE



JMP



9D



JSR



'LDU LDX LDY



2 3 4



2



3 3



3



4



96 D6 DC 10 DE DE



3 4



~ ~~



4



S 3 7 4 4 S 6



2



SC



6+



2+



7C



2



6E



3+



2+



7E



2



AD 7+ A6 4+ E6 4+ EC 5+ 10 6+



2+



BD



2+



5 5



2 2



6



3



B6 F6 FC 10 FE FE BE 10 BE



2 2 2



3



2+ 2+ 3+



EE



1



LEA



M



Legend: Operation Code IHexadecimal}



EE 5 + AE 5 + 10 6+ AE



2+ 2+ 3+



4+ 4+ 4+ 4+



2+ 2+ 2+ 2+



7



8 5 5



3 3 3 3 3



6 7



6 6 7



o • o •



A-\f-M-A B-'o'-M-B 1 A+ l--A 1 B+ l-B M+l-M J ump to Subroutlne •



1



1 0



•



•



1



1



0



•



4



M-A M-B MM + l-D MM+1-S



• •



1 1



1 1



0 0



• •



3 3 4



MM+ 1-U MM+1-X MM+1-Y



• •



1 1



11 0 1 0



•



•



1



1



0



•



fi



e



\li



0



e



G



"



'"



G



t t



Q



S



@



@



3



EA3_S EA3_U EA3_X EA3_y



0



Test and set if true, cleared otherwise



Complement of M Transfer Into



•



Number of MPU Cycles



H



Half-carry Ifrom bit 31



Number of Program Bytes



N



Negative Isign bitl



Arithmetic Plus



Z



Zero msult



Arithmetic Minus



V



Multiply



C



@



1



1 DeCimai Adjust A



INC



2



1 1



2



Rl, R2



2



i



1 0 1 0



2



EXG



86 C6 CC 10 CE CE 8E 10 8E



1



1



19



EORA EORB



LDA LDB LDD LDS



• •



4A 5A



EOR



LD



1 B-B M- M



CC 1\ IMM-CC Walt for Interrupt



DECA DECB 1 DEC



DEC



2



2



DAA



•



!



BC



53 3C 2:2C



CWAI



# +



8 8.



---+-C-0-M-A--+--I-~--+---+-+-----+---+-+----,I-----+--I--+--4-3+--2-+--l-+-A~--A-----------1-.-+-+-1+-0-1-1



CO M



OP



!



:



CLP



CMP



:



1 1



-------c-_



=-_



'.



C



;



~ 1-+---"-~--+ -



47



85 C5



H N



Description



A 1\ M-A B1\M-B CC1\IMM-CC 48 58



ASRA ASRB ASR BITA BITB



4 4



94



ASLA ASLB ASL



BIT



4



53210



Inherent



Op



Forms



CC



Not Affected Condition Code Register Concatenation



V



Logical or



Overflow, 2's complement



A



Logical and



Carry from ALU



:.,;..



Logical Exclusive or
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r



FIGURE 20 -



Instruction



Forms



LSL



LSLA LSLB LSL



L.SR



LSRA LSRB LSR



Immediate #



Op



PROGRAMMING AID (CONTINUED)



Addressing Modes Direct Indexed1



Op



08



04



-



6



6



#



2



2



Op



68



64



-



6+



G+



#



2+



2+



Extended



Op



78



74



-



7



7



NEGA NEGB NEG



ORA ORB ORCC



-



#



48 58



2 2



1 1



• •



44



2



1



00:



54



2



1



el



3D



11



11'1 x B-D!U n s!gnedl



2



1



A~



1-,'1



50



2



1



B+



1-B



12



2



1 No Operation



3



6



2



60



6~



2+



70



7



8A CA



2 2



2 2



lA



3



2



9A DA



4 4



2



2



AA 4~ EA 4+



2+ 2+



BI'I FA



5 5



1



M+I-M



3



~



PULS PULU



Pull Reglsters trom S Stack Pull Reglsters trom U Stac,



RüL



ROLA ROLB ROL



ROR



6+



2+



79



7



ROR



06



6



2



66



6+



2+



76



7



•



2



III



1 ! il, t



2 2 RellH!l From lnterrupt



RTS



39



1



Relurn trom Subroutlne



82 C2



2 2



2 2



92 02



4 4



2



A2



4+



2+



B2



2



E2



4+



2+



F2



4 4 5 6



2



A7



4+



2~



B7



2



E7



2 3



ED



4~ 5+



2~ 2+



F7 FD



la



6+



3+



110 FF



EF AF



5 + 2+



5 5



3



A-M-C-A B-M-C-B



3



SEX



ID



ST



9;



STA



STS



07



STD STS



DO



10



STU



OF OF



STX



9F



10



STY



EF



5



2



5 6



2 3



AF



6+



3+



BF



4 4 6



2 2



AD EO



2



A3



4+ 4+ 6+



2+ 2+ 2+



BO FO B3



9F SUB



SUBA SUBB SU BD



80



2



2



90



CO



2



2



DO



83



4



3



93



10



5~



2+



FF BF



10



5 5 6 7 6 6 7



5 5 7



2



1 Silln ExtenrJ B !nto A



3 3



~



&



:



11 il1 1



•



1



70



7



20 20



1



1 Synchronlze to Interrupt



3



Software Interrupt 3



1·



'



l '1 1 1 1 Il 1 'I Il



0 •



1



· ,.



oo 1·• o



1 Test A 1



1



·. ·.



10



3F 11 3F



•



2+



~ 1:



o ~ o •



D-MM+l-D



2 2



o '• o '•



l '1 1 1 0



1 Software Interrupt 1 2 Software Interrupt 2



40 50 6+



1



1



o 1.



,1 1



TSTA TSTB TST



60



j



D-M,M~l



8



TST



2



t i



A-M 8-M



1,8



6



9



1



B- M-B



~4



1



1 Il



A-fv1-A



1F



6



:



Il



3 3



13



1 1 1 Il



8 i 1



3



Rl, R2



1 e



8



X-MM+l Y-MM+l



SYNC



1 0



7



3 4



TFR



00



!



U-MM~1



19



1



1 1 1 11



S-MM+l



1



3F



•



i



3



SWI



1 t 1



0



1



c



1



5



1 1 1



: : : 1: :1



3 3B 6'15



SBCA SBCB



e



2



RTl



SBC



1



i



•



46 56



0 C



O· 0 .., 7



: '



Q



3



RORA RORB



1



1 1



1



l



PUL



69



1



•



Push Reg!sters on S S',ac, Push Reglsters on U Stack



2



l



:"



A V M-A B V M-B CC V IMM-CC



3 3



1



v



• 1 0' 1 • 1 • 1 • 9 1 1 1 1 1 1 1 1



8 8 8



PSHS PSHU



6



0



•



PSH



09



1: 1 1: 1 1: 1



•



40



00



Description



o



NOP OR



Op



3



MUL NEG



1



Inherent



#



Test B Test M



0



1



Notes: 1,



This column gives a base cycle and byte count. Ta obtain total counr, add the values obtained from the INDEXED ADDRESSING MODE table, Table 2, 2. RI and R2 may be any pair of 8 bit or any pair of 16 bit registers.



The 8 bit registers are: A, B, CC, OP



The 16 bit registers are: X, Y, U, S, D, PC 



3,



EA is the effective address.



4.



The PSH and PUL instructions require 5 cycles plus 1 cycle for each byte pushed or pulled,



5. 6.



5161 means: 5 cycles if branch not taken, 6 cycles if taken IBranch instructions). SWI sets 1and F bits. SWI2 and SWI3 do not affect 1 and F, 



7,



Conditions Codes set as a direct result of the instruction. 



8,



Vaue of half-carry flag is undefined, 



9.



Special Case -



Carry set If b7 is SET,



'-------- ®
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PROGRAMMING AID (CONTINUED)



--



Branch Instructions



Addressing Mode



Relative



Instruction



BCC



Forms



BGE



F



5~11



3 25



10 5161



25 



2 4



Branch C = 1



Long Branch C=1



BEO LBEO



3 27



10 5161



27 



2 4



Branch 2 = 0



Long Branch 2=0



BGE LBGE



2e 3 10 5161



2C 



2 4



Branch ~ Zero



Long Branch '" Zero



BGT 'LBGT



2E



3 10 5161



2E 



2 4



Branch > Zero



Long Branch > Zero



2 4



Branch Hlgher



Long Branch Hlgher



1



BHI



24



10



24 



5 Description



Branch C = 0 Long Branch



C=O 



BCS LBCS
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