
EE 308 Apr. 1, 2002

M
IC

R
O

P
R

O
C

E
S

S
O

R

M
E

M
O

R
Y

P
R

IN
C

E
T

O
N

 (
V

O
N

 N
E

U
M

A
N

) 
A

R
C

H
IT

E
C

T
U

R
E

S
T

A
T

U
S

O
U

T

IN
C

O
N

T
R

O
L

C
L

O
C

K

C
O

N
T

R
O

L

A
L

U

D
A

T
A

IN
S

T
R

U
C

T
IO

N
&

 A
D

D
R

C
O

N
T

R
O

L

1



EE 308 Apr. 1, 2002

MEMORY

ADDR(N Bits)

DATA(M Bits)

CONTROL

COMPUTER

Computer with N bit address bus can access
 

Control lines tell memory when computer wants

N
2  bytes of data

Computer with M bit data bus can access
M bits of data in one memory cycle

to read (write) data, and if access is read or write

location computer wants to read (write)
Value on address bus tells memory which
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MEMORY

ADDR(16)

E

R/W

DATA(16)

LSTRB

HC12

HC 12 has 16 bit address bus − can access 65536 bytes

1024 bytes = 1 kB

65536 bytes = 64 kB

HC12 has 16 bit data bus − can access 16 bits (2 bytes)

at a time

For example, the instruction   LDX  $0900
will read the two bytes at address $0900 and $0901

Sometimes HC12 only accesses one byte −− e.g., LDAA $0900
   The HC12 accesses only the byte at address $0900

R/W high => read
R/W low  => write

E tells memory when HC12 is reading (writing) −−
  synchronizes data accesses

LSTRB tells memory if HC12 accessing one or two bytes

R/W tells memory if HC12 is reading or writing
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Address,Data and Control Buses

� A microprocessorsystemusesaddress, dataandcontrolbusesto communi-
catewith externalmemoryandmemory-mappedperipherals

� Theaddressbusdetermineswhichmemorylocationto access

� Thecontrolbusspecifieswhetherthememorycycle is a read(into micropro-
cessor)or a write (out of microprocessor) cycle, andspecifiestiming infor-
mationfor thecycle

� Thedatabuscontainsthedatabeingtransferedduringthememorycycle

� For example,considerthe following simpleHC12program,which continu-
ouslyincrementsthecontentsof address0x0400:

org 0x2000

loop: inc 0x0400
bra loop

– Theprogramis storedin memorystartingat memorylocation0x2000

– TheHC12ProgramCounterstartsat address0x2000

– TheHC12readsthe first instruction,inc 0x0400, locatedin address
0x2000 through0x2002

– TheHC12thenreadsthecontentsof memorylocation0x0400, takesan
internalmemorycycle to incrementthevalue,thenwritesthenew value
out to address0x0400

– TheHC12thenreadsthenext instruction,bra 0x2000

– TheHC12takesonememroy cycle to loadtheprogramcounterwith the
new valueof 0x2000, andto clear its internalpipeline,thenreadsthe
instructionat0x2000 to figureoutwhatto donext
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The HC12 Memory Map

� TheHC12hasaddressregionsoccupiedby internalmemoryandperipherals

� A diagramshowing whichaddressregionsareusedis calledamemorymap

� Hereis amemorymapof theHC12B32with noaddedmemoryor peripherals

0x0000

0x03FF

REGISTERS

0xFFFF

EEPROM

0x8000

0x0800

0x0BFF

0x0D00

0x0FFF

EEPROM

RAM

FLASH

6



EE 308 Apr. 1, 2002

The ExpandedHC12 Memory Map

� Wewill addexternalmemoryto theHC12

� Hereis amemorymapof theHC12B32with thememoryandperipheralswe
will add

0xFFFF

EEPROM

0x8000

0x0800

0x0BFF

0x0D00

0x0FFF

EEPROM

FLASH

0x1000

0x7FFF

RAM

EXTERNAL

RAM

Use address 0x1000−0x7FFF
for External RAM

0x0400
0x0402

Use address 0x0400−0x0402
for External Peripherals

0x03FF

REGISTERS
0x0000
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SimplifiedHC12 Write Cycle

� WhentheHC12writesdatato memoryit doesthefollowing:

– It putstheaddressit wantsto write to on theaddressbus(whenE-clock
goeslow)

– It putsthedatait wantsto write ontothedatabus

– It bringstheRead/Write(
��� �

) line low to indicateawrite

– TheHC12expectstheexternaldevice at thegivenaddresswill latchthe
datainto its registersdataon thefalling edgeof theE-clock

ADDR(16)

R/W
HC12 MEMORY

WRITE:  HC12 puts address on address bus
             puts data on data bus
             brings R/W low
        Memory latches data on falling edge of E clock

E

R/W

ADDR

DATA 0xfedc

DATA(16)

Example:  Write 0xfedc to address 0x3456 & 3457

0x3456

E

LSTRB
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Simplified HC12 ReadCycle

� WhentheHC12readsdatafrom memoryit doesthefollowing:

– It putstheaddressit wantsto readfrom ontheaddressbus(whenE-clock
goeslow)

– It bringstheRead/Write(
��� �

) line high to indicatea read

– TheHC12expectstheexternaldevice at thegivenaddresswill put data
on thedatabus

– On the falling edgeof the E-clock, the HC12 latchesthe datainto its
internalregisterl

ADDR(16)

HC12 MEMORY

E

R/W

ADDR

DATA

        Memory puts data on data bus
        HC12 latches data on falling edge of E clock

             brings R/W high

Example:  Read from address 0x5678 & 0x5679

0x5678

0xba98

DATA(16)

R/W

E

LSTRB

READ:   HC12 puts address on address bus
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The RealHC12B32Bus

� Up to now wehavebeenusingtheHC12in SingleChipMode

– In SingleChip Mode the HC12 doesnot have an externaladdress/data
bus

� TheHC12canberun in ExpandedMode

– In ExpandedModetheHC12doeshaveanexternaladdress/databus

� Thingsarea little morecomplicatedon therealHC12B32busthanshown in
thesimplifieddiagramsabove

� TheHC12B32hasamultiplexedaddress/databus

� The HC12B32sometimesaccessesa singlebyte on a memorycycle, andit
sometimesaccesstwo bytesonamemorycycle

The Multiplexed Addr ess/DataBus

� TheHC12B32hasa limited numberof pinsit canuse

� To havefull 16-bitaddressbusandafull 16-bitdatabustheHC12B32would
needto use32extra pins(in additionto severalpinsusedfor thecontrolbus)

� To savepin countMotorolausesthesamesetof pinsfor severalpurposes

� Whenput into expandedmode,the HC12 usesthe pins normally usedfor
PortsA andB for its mulitplexedaddressanddatabus

– Whenrunningin expandedmodeyoucannolongerusePortsA andB as
generalpurpose I/O lines

� TheHC12usesthesamesixteenline of PortsA andB for bothaddressand
data

� WhentheE-clockis low thesixteenlinesAD15-0areusedfor address

� WhentheE-clockis high thesixteenlinesAD15-0areusedfor data
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The Multiplexed Addr ess/DataBus

ADDR/DATA 15−8

ADDR/DATA  7−0Port B

Port A

HC12

R/W

E

LSTRB

A/D

E

ADDR DATA

In expanded mode, the HC12 uses Ports A and B for
mulitplexed address and data.

When E clock is high, Ports A and B are used for data.

When E clock is low,  Ports A and B are used for address.

In expanded mode, you cannot use Ports A and B for 
general purpose I/O.
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The Multiplexed Addr ess/DataBus

ADDR(16)

HC12 MEMORY
DATA(16)

Requires 35 bits

  for buses and pins for all other functions

R/W

E

LSTRB

Not enough pins on HC12 to allocate 35 pins

HC12 has 16−bit address and 16−bit data buses

12



EE 308 Apr. 1, 2002

Memory Chip Interface

� Memorychipsneedseparateaddressanddatabus

– Needway to de-multiplex addressanddatalinesfrom HC12

� MemorychipsneeddifferentcontrollinesthantheHC12supplies

� Thesecontrollinesare:

– ChipSelect– goeslow whentheHC12is accessingmemorychip

– Write Enable– goeslow whentheHC12is writing to memory

– OutputEnable– goeslow whentheHC12is readingfrom memory

– High ByteEnable– goeslow whentheHC12is accessingtheHigh Byte
(OddAddress)of memory

– Low Byte Enable– goeslow whentheHC12is accessingtheLow Byte
(EvenAddress) of memory

ADDR(16)

MEMORY
DATA(16)

WE

Need way to separate address and data

Memory needs separate address and data busses

CS

OE

HBE

LBE

LBE − Low Byte Enable

HBE − High Byte Enable

CS  − Chip Select

WE  − Write Enable

OE  − Output Enable (Read)
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