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Technical Summary
8-Bit Microcontroller

The MC68HC11E20 high-performance microcontroller unit (MCU) is an enhanced member of the
MB8HC11 E series of microcontrollers. These devices combine a multiplexed bus with highly
sophisticated on-chip peripheral functions and are characterized by high speed and low power
consumption. Their fully static design allows these devices to operate at frequencies from 3 MHz
to dc.

This document contains information concerning both the ROM-based {MC68HC11E20) and the
EPROM-based (MC68HC711E20) versions of this MCU. ROM/EPROM refers to ROM for ROM-
based devices and refers to EPROM for EPROM-based devices. Custom-ROM devices have a
ROM array that is programmed at the factory to customer specifications. The diagrams for these
devices are combined also and differences are noted where necessary.

Features

« M68HC11 CPU
+ 20 Kbytes of On-Chip ROM or EPROM
« 512 Bytes of On-Chip Electrically-Erasable Programmable Read-Only Memory (EEPROM)
« 768 Bytes of On-Chip RAM, All Saved During Standby
‘ - Power Saving STOP and WAIT Modes
« Multiplexed Address/Data Bus
» 16-Bit Timer System
— Three Input Capture (IC) Channels
— Four Qutput Compare (OC) Channels
— One Additional Channel, Software Selectable as Fourth IC or Fifth OC
= B8-Bit Pulse Accumulator
e Real-Time interrupt Circuit
- Computer Operating Properly (COP) Watchdog
« Block Protect on EEPROM for Added Security
« Asynchronous Nonreturn to Zero (NRZ) Serial Communications Interface (SCi)
» Synchronous Serial Peripheral Interface (SPI)
+ Eight-Channel 8-Bit Analog-to-Digital (A/D) Converter
» Five Input/Output (I/O) Ports (38 Pins)
— 16 Bidirectional Pins
— 11 Input Only Pins
— 11 Output Only Pins
» Available in 52-Pin Plastic Leaded Chip Carrier (PLCC), 52-Pin Windowed Ceramic Leaded Chip
Carrier (CLCC), and 64-Pin Plastic Quad Flat Pack (QFP)

‘ This document contains information on a new product. Specifications and information herein are subject to change without notice.
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Standard Device Ordering Information

Package

Description

CONFIG

Frequency

Temperature

MC Order Number

64-Pin QFP

OTPROM

$OF

2 MHz

—40°t0+85°C

MC68HC711E20CFU2

—40°to +105°C

MC68HC711E20VFU2

—-40°to + 125°C

MC68HC711E20MFU2

3 MHz

0°to+70°C

MC68HC711E20FU3

—-40°t0o+85°C

MC68HC711E20CFU3

52-Pin PLCC

OTPROM

$0F

2MHz -

-40°t0+85°C

MC68HC711E20CFN2

—~40°to + 105°C

MCE8HC711E20VFN2

~40°to + 125°C

MC68HC711E20MFN2

3 MHz

0°to+70°C

MC68HC711E20FN3

—40°to +85°C

MCe8HC711E20CFN3

52-Pin CLCC
{(Windowed)

EPROM

$OF

2 MHz

—-40°to +85°C

MC68HC711E20CFS2

—40°to+ 105°C

MC68HC711E20VFS2

—40°to +125°C

MC68HC711E20MFS2

3 MHz

0°to+70°C

MC68HC711E20FS3

~40°to+85°C

MC68HC711E20CFS3

Custom ROM Device Ordering Information

Package

Description

Frequency

Temperature

MC Order Number

64-Pin QFP

Custom ROM

2MHz

—-40°to +85°C

MC88HC11E20CFU2

-40°t0+105°C

MC88HC11E20VFU2

—40°to+ 125°C

MC68HC11E20MFU2

3MHz

0°to+70°C

MC&8HC11E20FU3

-40°10+85°C

MC68HC11E20CFU3

52-Pin PLCC

Custom ROM

2 MHz

—-40°t04+85°C

MC68HC11E20CFN2

—40°to+105°C

MC68HC11E20VFN2

—-40°to+125°C

MC68HC11E20MFN2

3 MHz

0°to+70°C

MC68HC11E20FN3

—40°10 + 85°C

MC68HC11E20CFN3
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E20 84 PINOFP

Pin Assighments for 64-Pin Quad Flat Pack

MC68HC11E20 MOTOROLA
MC6B8HC11E20TS/D B bL3kL7248 0137125 g23 W 5

This Material Copyrighted By Its Respective Manufacturer




&
| ©» |m % ~ w©
+5 2%9% 2222
EE ES S g8ERLI SR
w v wwm = 2 > > >0 a a a
i e B oo B e I e N s N e N e T e s T st O e B e |
~ @ o N ‘u\-:' 5 8 % 3 ':r 3
xTAL[ 8 - 46 [1 PES/ANS
PCO/ADDRO/DATAO [] 9 45 [1 PE1/AN1
PC1/ADDR1/DATA1 [} 10 4411 PE4/ANA
PC2/ADDR2/DATA2 [] 11 43 {] PEO/ANO
PC3/ADDR3/DATA3 [] 12 42 |1 PBO/ADDRS
PC4/ADDR4/DATA4 [] 13 41 [] PB1/ADDRY
PCS/ADDRS/DATAS [] 14 MCB8HC11E20 40 {1 PB2/ADDR10
PC6/ADDRE/DATAS [] 15 39 [1 PB3/ADDR11
PC7/ADDR7/DATA7 [] 16 38 [] PB4/ADDR12
RESET [ 17 37[] PBS/ADDR13
" XIRQVppe [ 18 36 [1 PB6/ADDR14
iRa Q19 35]] PB7/ADDR15
PDO/RxD [] 20 34 f1 PAOAC3
T8 IQgLERYLEILITsoG
g|_1 O 07 T LT O O35 7 I T o T d
0O 0O 5 X O y- v Y- Y- v y- ©d
22832858888 ¢8¢
=== 58 = 8 3 3z
[=] o oo O 8 g 8 o a
- -
<« W Wb <
2228
2
o
* Vppe APPLIES ONLY TO DEVICES WITH EPROM.
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Operating Modes

The MC68HC11E20 has four modes of opefation. These modes directly affect the address
space and the memory map ditfers for each of them. Refer to the memory map diagram.

Single-Chip Mode

In single-chip operating mode, the MC68HC11E20 is a stand-alone microcontroller with no
external address or data bus. Although the CPU can access the full 64-Kbyte address space,
addressing is limited to on-chip resources. Portions of the 64-Kbyte space that are not occupied
by the on-chip resources cannot be utilized. Refer to the memory map diagram.

Bootstrap Mode

Bootstrap mode is a special variation of the single-chip mode. Bootstrap mode allows special-
purpose programs to be entered into internal RAM. When boot mode is selected at reset, a small
bootstrap ROM becomes present in the memory map. Reset and interrupt vectors are located in
this ROM at $BFC0—$BFFF. The bootstrap ROM contains a small program which initializes the SCI
and allows the user to download a program of up to 768 bytes into on-chip RAM. After a four-
character delay, or after receiving the character for address $02FF, control passes to the loaded
program at $0000. Refer to the memory map diagram.

Special Test Mode

Special test mode is used primarily for factory testing. In this operating mode, ROM/EPROM is
removed from the address space and vectors are located at $BFCO0-$BFFF.

Expanded Operating Mode

MC68HC11E20

MOTOROLA
pm L3L724d 0137128 832 - MC68HC11E20TS/D

8

In expanded operating mode, the MCU can access the full 64-Kbyte address space. The space
includes the same on-chip memory addresses used for single-chip mode as well as addresses for
external peripherals and memory devices. The expansion bus is made up of ports B and C, and
control signals AS and R/W. The R/W (read/write) and AS (address strobe) allow the low-order
address and the 8-bit data bus to be multiplexed on the same pins. During the first half of each
bus cycle address information is present. During the second half of each bus cycle the pins
become the bidirectional data bus. AS is an active-high latch enable signal for an external address
latch. Address information is allowed through the transparent latch while AS is high and is latched
when AS drives low. The address, R/W, and AS signals are active and valid for all bus cycles,
including accesses to internal memory locations. The E-clock is used to enable external devices
to drive data onto the internal data bus during the second half of a read bus cycle (E clock high).
R/W controls the direction of data transfers. R/W drives low when data is being written to the
internal data bus. R/W will remain low during consecutive data bus write cycles, such as when a
double-byte store occurs. Notice that the write enable signal for an external memory is the NAND
of the E clock and the inverted R/W signal. Refer to the example diagram of address and data
demultiplexing.

This Materi al
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PB? ADDR15
PB6 ADDR14
PBS5 ADDR13
PB4 ADDR12
PB3 ADDRI11
PB2 ADDR10
PB1 ADDRS
PBO ADDRS
PC7 * DATAt af ADDR7
PCs DATA2 Q2 ADDR6
MCU PCS DATA3 Q3 ADDRS
PC4 DATA4 & Q4 |—— ADDR4
PC3 DATA5 £ Q5 [—— ADDR3
PC2 » DATAS § Q6 ADDR2
PCi 9 DATA7 & Q7 |—— ADDAf
PCO DATAS 08 ADDRO
AS LE wp—
. Do x
i — WE
’ DATA7
J DATAB
DATAS
‘ DATA4
DATA3
DATA2
DATA1
DATAO

ADDRDATA DEMUX

Address/Data Demultiplexing

Mode Selection

Operating modes are selected by a combination of logic levels applied to two input pins (MODA
and MODB) during reset. The logic level present (at the rising edge of reset) on these inputs is
reflected in bits in the HPRIO register. After reset, the operating mode may be changed
according to the table contained in the following description of the HPRIO register.

The function of internal read visibility/not E is determined by the state of the IRVNE bit and the
mode selected at reset. When enabled, internal read visibility (IRV) causes the data from internal
reads to be driven out the data bus. The user must be cautioned that even though the R/W line
suggests that the data bus is in a high-impedance state, data will be driven out each time an

or off. Refer to the description of IRVNE in HPRIO register.

| . internal read occurs. The not E clock (NE) function of this bit determines whether the E clock is on

MC68HC11E20 MOTOROLA
MC68HC11E20TS/D B L3k7248 0137129 779 W 9

This Material Copyrighted By Its Respective Manufacturer




HPRIO — Highest Priority I-Bit Interrupt and Miscellaneous $103C

Bit 7 6 5 4 3 2 1 Bit 0
[ RBOOT"| sMOD* | MDA* | IRVNE" | PSEL3 | PSEL2 | PSELY | PSELO |
RESET: 0 o] 0 1 1 0 Single Chip
0 o] 0 1 1 0 Expanded
1 0 0 1 1 0 Bootstrap
0 0 0 1 1 0 Special Test

MDA depend on the mode selected at power up.

RBOOT — Read Bootstrap ROM
Valid only when SMOD is set (bootstrap or special test mode). Can only be written in special modes.
0 = Bootloader ROM disabled and not in map
1 = Bootloader ROM enabled and in map at $BE00-$BFFF

SMOD and MDA — Special Mode Select and Mode Select A
The initial value of SMOD is the inverse of the logic level present on the MODB pin at the rising edge
of reset. The initial value of MDA equals the logic level present on the MODA pin at the rising edge of
reset. These two bits can be read at any time. They can be written anytime in special modes. MDA
can only be written once in normal modes. SMOD cannot be set once it has been cleared.

Inputs Latched at Reset
MODB MODA Mode SMOD MDA
1 0 Single Chip g
1 1 Expanded
0 0 Bootstrap
0 1 Special Test

IRVNE — Internal Read Visibility/Not E
IRVNE can be written once in any mode. In expanded modes, IRVNE determines whether IRV is on or
off. In special test mode, IRVNE is reset to one. In all other modes, IRVNE is reset to zero.
0 = No internal read visibility on external bus
1 = Data from internal reads is driven out the external data bus.
In single-chip modes this bit determines whether the E clock drives out from the chip.
0 = E is driven out from the chip.
1 = E pin is driven low. Refer to the following table.

Mode IRVNE OQut | E Clock Out | IRV Out of IRVNE IRVNE Can

of Reset of Reset Reset Affects Only| Be Written
Single Chip (o] On Oft E Once
Expanded 0 On Off IRV Once
Bootstrap 0 On Off E Once
Special Test 1 On On IRV Once

PSEL[3:0] — Priority Select Bits [3:0]
Refer to Resets and Interrupts.

MOTOROLA MC68HC11E20
10 M L367248 0137130 490 W MCE8HC11E20TSD
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On-Chip Memory
The MC68HC11E20 has 768 bytes RAM, 512 bytes EEPROM, and 20 Kbytes ROM. The
MC68HC711E20 has EPROM replacing ROM. The following paragraphs describe the memory
‘ systems of these two MCUs.

Memory Map and Register Block

The INIT and CONFIG registers control the presence and location of the registers, RAM,
EEPROM, and ROM/EPROM in the 64 Kbyte CPU address space. The 64-byte register block
originates at $1000 after reset and can be placed at any 4K boundary ($x000) by writing an
appropriate value to the INIT register. The INIT register can be written only in the first 64 cycles
after reset. Refer to the memory map diagram.

{72222 ) V) Y -
EXT EXT X 02FF | 4K PAGE BY THE INIT REGISTER)
SWwpZZAd Yoz Vi YV 1000 sémgg ggalsmgx BLOCK
APPED TO ANY
EXT EXT \ 103F &K PAGE BY THE INIT REGISTER)
-—/_ m
s bl v v AFre | KBYTES ROWEPROM
E;T EQT B600
v ¥ __/— 512 BYTES EEPROM
. $8600 P72 V///{///A L V/A’;’///A BTFF
800T BFCO
EXT i _f BFOO M SPECIAL MODES
l = f:: i::' B prer | VECTORS
$D000 % 7 7 7/ D000 |12 KBYTES ROMEPROM
FFCO | NORMAL
o / // -
$FFFF B2 iz Z 7 FEFF FFFF_] VECTORS

SINGLE EXPANDED  BOOTSTRAP SPECIAL
CHIP TEST

£20 MEM MAP

MC68HC11E20/MC68HC711E20 Memory Map

MC68HC11E20 MOTOROLA
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MC68HC11E20 Register and Control Bit Assignhments (1 of 2)

The register block begins at $1000 out of reset and can be remapped to any 4K boundary.
Bit 7 6 5 4 3 2 1 Bit 0

$1000 | PA7 | Pas | Pas | Pa4 | Pa3 | PAa2 | Pat

| Pao |

PORTA

$1001 Reserved
$1002 | STAF | stat [ cwom | inbs | oN | Pis | Eca [ INvB |  Pioc
$1008 | pc7 | pcs | pcs | pca | peca | pc2 | pct | Pco | PORTC
$1004 | PB7 | PBs | PBs | PB4 | PB3 | PB2 | PB1 | PBO | PORTB
$1005 | PcL7 | Pcle | pcs | Pola | Pas | pol2 | pcLt | Pclo | PORTGL
$1006 : =

$1007 | ppc7 | poce | pocs | pocsa | pocs | pboc2 | poci | obco | DbRC
stoo8 | — | — | pps | Poa | Pps [ Po2 | Pp1 | Ppo | PORTD
$19009 | — | — | ooos | poos | poos | ooo2 | pooi | pooo | DoRD
$100A | PE7 | Pes | PEs | Pe4 | Pesa | PE2 | PE1 | PE0 | PORTE
$100B | Foc1 | Foc2 | Foca | Foca [Focs | — | — | — | crore
$100c | ocim7 | ocime | ocims | ocima [ocims | — | — | — | -ocim
$100D | ociD7 | ocipe | ocibs Jociba [ocia| — | — | — | ocwp
$100E | Bit15 14 13 12 11 10 9 Bit8 | TCNT (High)
$100F | Bit7 6 5 4 3 2 1 Bit 0 | TONT (Low)
$1010 | Bit1s | 14 13 12 11 10 9 Bit8 | TiC1 (High)
$1011 | Bit7 6 5 4 3 2 1 Bito | TIC1 (Low)
$1012 | Bit1s | 14 13 12 11 10 9 Bit8 | TIC2 (High)
$1013 | Bit7 6 5 4 3 2 1 Bito | TiC2 (Low)
$1014 | Bit1s | 14 13 12 11 10 9 Bit8 | TIC3 (High)
$1015 | Bit7 6 5 4 3 2 1 Bit0 | TIC3(Low)
$1016 | Bit15 | 14 13 12 11 10 9 Bit8 | TOC1(High)
$1017 | Bit7 6 5 4 3 2 1 Bit0 | TOCH (Low)
$1018 | Bit15 | 14 13 12 14 10 9 Bit8 | TOC2 (High)
$1019 | Bit7 6 5 4 3 2 1 Bit0 | TOC2 (Low)
$101A | Bit1s | 14 13 12 11 10 9 Bit8 | TOC3 (High)
$101B | Bit7 6 5 4 3 2 1 Bit0 | TOCS3 (Low)
$101C | Bit15 | 14 13 12 11 10 9 Bit 8 | TOC4 (High)
$101D | Bit7 6 5 4 3 2 1 Bit0 | TOC4 (Low)
s101E | Bt1s | 14 | 13 | 12 | 11 | 10 | 9 | Bits |T4/05High)
sto1rF | Btz | 6 | s | 4 | 3 | 2 | 1 | Bito |TI405(Low)
$1020 | om2 | o2 | om3 | o3 | oms | o4 | oms | os | TCTU
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Bit 7 6 5 4 3 2 1 Bit 0
. $1021 [ EDG4B | EDG4A | EDG1B | EDG1A | EDG2B | EDG2A | EDG3B | EDG3A |
$1022 [ octt | ocal | ocal | ocal [ 1051 ] 1o | cal | ical |

$1023 [ ociF | oc2F | OcsF | oc4 [ 140sF | IctF | IcoF | ICoF |

s1024 [ Tol | AR [pPaovi| Pal | — | — [ PR1_| PRO |

s1025 [ TOF | RF [PaovF| PAF [ — [ — | — [ — |

$1026 [ DDRA7 | PAEN | PAMOD | PEDGE | DDRA3 | 1405 | RTR1 | RTRO |

sto27 [ Bt7 | 6 | s | 4 | s [ 2 | 1 | Bito |

$1028 | SPIE | sPE | DWOM | MSTR | cPoL | cPHA | SPR1 | SPRo |

st020 [ sPF [wooL [ — [wmooF [ — [ — | — [ — |

st02a [ Btz | 6 | 5 | 4 | 8 [ 2 [ 1 | sito |

$102B | TOLR | scP2 | SCP1 | sCPo | RCKB | SCR2 | SCR1 | SCRo |

stoec[ mre | 18 | — | M Jwake ]| — [ — [ — |

$1020 [ TE | TCE | RE | WE | TE [ RE | RWU | SBK |

$102 [ TORE | 1 | RORF | DLE | oR | & [ FE [ — |

$102F [ R77T7 | Re/T6 | Rss | R474 | RaM3 | R2T2 | RIM | Romo |

$1030 [ coF | — [ scaN [mur | o [ o [ cB | cA |

. $1031 [ Bt7 | & | 5 | 4 [ 3 [ 2 | 1 | Bito |
sto32 [ Bt7 | 6 | s [ 4 | 3 | =2 | 1 | Bito |

sto33 [ Bt7 | 6 | s | a4 [ 3 | 2 | 1 | sito |

$1034 | Bt7 | 6 | 5 | 4 | 3 [ 2 | 1 [ sito |

s1033 [ — | — | — T[prcon| BPRT3 [ BPRT2 | BPRT1 | BPRTO |

$1036 | MBE | — ] ELAT | excoL [exrow]| T | 10 | PaM |

$1039 | ADPU | CSEL | IRQE vy [ eMve [ — [ crt | cro |

$103A | Bit7 | 6 | s a4 | a3 [ 2 | 1 | Bito |

YTE | ROW | ERASE | EELAT | EEPGM |

Thi

MC68HC11E20 Register and Control Bit Assignments (2 of 2)

$103B | ODD | EVEN | —

$103C | RBOOT | SMOD | MDA

RVNE | PSEL3 | PSEL2 | PSEL1 | PSELO |

$103€ | THOP | — | OCCR

By | DISR | FcM | FcoP | TCON |

| o
I
[ 8
K
$1030 | RAMS | RaM2 | RAM1 | RAMO | REG3 | REG2 | REG1 | REGO |
| ¢
|

$to3F | — | — | —

— | nosec | Nocop | RoMON | EEON |

* MC68HC711E20 only.

MC68HC11E20 .
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TCTL2
TMSK1
TFLGA
TMSK2
TFLG2
PACTL
PACNT
SPCR
SPSR
SPDR
BAUD
SCCR1
SCCR2
SCSR
SCDR
ADCTL
ADR1
ADR2
ADR3
ADR4
BPROT
EPROG*
Reserved
Reserved
OPTION
COPRST
PPROG
HPRIO
INIT
TEST1
CONFIG

MOTOROLA
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RAM

The 768 bytes of on-chip RAM are located at $0000 after reset. If RAM and registers are both

mapped to the same 4K boundary, the register block starts at $x000, and RAM starts at $x040. In

this case, registers overlap the first $3F RAM addresses and that portion of RAM becomes ‘
inaccessible. Remapping is accomplished by writing appropriate values to the INIT register.

When power is removed from the MCU, RAM contents may be preserved using the MODB/VsTgY
pin. A 5-volt nominal power source applied to this pin protects all 768 bytes of RAM.

INIT — RAM and Register Mapping $103D
Bit 7 6 5 4 3 2 1 Bit 0
RAM3 | RaM2 | RaMi | RaMo | REGs | REG2 | REG1 | REGO

RESET: 0 0 0 0 0 0 0 0

Can be written only once in first 64 cycles out of reset in normal modes or at any time in special mode.

RAM[3:0] — Internal RAM Map Position
These bits determine the upper four bits of the RAM address. At reset RAM is mapped to $0000.
Refer to the memory map diagram.

REG[3:0] — 128-Byte Register Block Map Position
These bits determine the upper four bits of the register space address. At reset registers are mapped
to $1000. Refer to the memory map diagram.

MOTOROCLA MC68HC11E20
14 . ER bL3b7244 0137134 03 WA MCB8HC11E20TSD

This Material Copyrighted By Its Respective Manufacturer



ROM/EPROM

The MC68HC711E20 has 20 Kbyles of ultraviolet-erasable EPROM (OTPROM in a non-
windowed package). The MC68HC11E20 has 20 Kbytes of mask-programmed ROM. The
ROMON control bit in the CONFIG register controls the presence of ROM/EPROM in the memory
map. In special test, bootstrap, and single-chip modes, ROMON = 1 out of reset and the 20
Kbytes of ROM/EPROM is enabled and located in two blocks. The two blocks are 8 Kbytes and
12 Kbytes in size. The 8-Kbyte block is located at $9000-AFFF and the 12-Kbyte block is located
at $D000-FFFF. In single-chip mode the ROM/EPROM is enabled, regardless of the value in the
CONFIG register. To use the ROM/EPROM in expanded mode, begin in single-chip mode, then
change to expanded mode by setting the MDA bit in HPRIO register.

EPROM can be programmed in any operating mode — special test, bootstrap, expanded, or
single chip. Programming is accomplished through the EPROG register. Programming EPROM
requires an external 12.25 volt nominal power supply (VppE).

To program the EPROM, complete the following steps using the EPROG register:

Set the ELAT bit in EPROG register.

Wirite data to the desired address.

Turn on programming voltage by setting the PGM bit in EPROG register.

Delay for 10 ms or more, as appropriate.

Clear the PGM bit in EPROG to turn off the programming voltage.

Clear the EPROG register to reconfigure the EPROM address and data buses for normal
operation.

oOAWON

Although the external 12.25 V programming voltage must be applied to the XIRQ/Vppg pin during
EPROM programming, it should be equal to Vpp before verifying the data that was just
programmed. It should equal Vpp during normal operation also. The XIRQ/Vppg pin has a high
voltage detect circuit that inhibits assertion of the ELAT bit when programming voltage is at low
levels.

CAUTION
If the MCU is used in any operating mode while high voltage (12.25 V nominal) is
present on the XIRQ/Vppg pin, the IRQ/CE pin must be pulled high to avoid
accidental programming or corruption of EPROM contents. After programming an
EPROM location, IRQ/CE must also be pulled high before the address and data
are changed to program the next location.

MC68HC11E20
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EPROG — EPROM Programming Control $1036

Bit 7 6 5 4 3 2 1 Bit 0
| MBe | — [ EwaT | ExcoL [exrow| T To PGM
RESET: 0 0 0 0 0 0 0 0

MBE — Muitiple-Byte Programming Enable
When multiple-byte programming is enabled, address bit 5 is considered a don't care so that bytes
with address bit 5 = 0 and address bit 5 = 1 both get programmed. MBE can be read in any mode and
always reads zero in normal modes. MBE can only be written in special modes.
0 = EPROM array configured for normal programming
1 = Program two bytes with the same data

Bit 6 — Not Implemented
Always reads zero

ELAT — EPROM Latch Control
When ELAT = 1, writes to EPROM cause address and data to be latched and the EPROM cannot be
read. ELAT can be read any time. ELAT can be written any time except when PGM = 1; then the write
to ELAT will be disabled.
0 = EPROM address and data bus configured for normal reads
1 = EPROM address and data bus configured for programming

EXCOL — Select Extra Columns
0 = User array selected
1 = User array is disabled and extra columns are accessed at bits [7:0]. Addresses use bits [13:5]
and bits [4:0] are don't care. EXCOL can only be read in special modes and always returns
zero in normal modes. EXCOL can be written in special modes only.

EXROW — Select Extra Rows
0 = User array selected
1 = User array is disabled and two extra rows are available. Addresses use bits [7:0] and bits [13:8]
are don't care. EXROW can only be read in special modes and always returns zero in normal
modes. EXROW can be written in special modes only.

' T11:0] — EPROM Test Mods Select Bits .~~~ 7"

T1 T2 Function Selected
0 0] Normal Mode

0 1 Reserved

1 0 Gate Stress

1 1 Drain Stress

These bits allow selection of either gate stress or drain stress test modes. They can be read only in
special modes and always read zero in normal modes. T[1:0] can only be written in special modes.

PGM — EPROM Programming Voltage Enable
0 = Programming voltage to EPROM array disconnected
1 = Programming voltage to EPROM array connected .
PGM can be read any time and can only be written when ELAT = 1.

MOTOROLA MC68HC11E20
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Electrically Erasable Programmable Read-Only Memory (EEPROM)

The 512 bytes of EEPROM in the MC68HC711E20 are located at $8600 through $B7FF. The
EEON bit in the CONFIG register controls whether the EEPROM is present in the memory map.

. When EEON =1 (erased state), the EEPROM is enabled; when EEON = 0, the EEPROM is
disabled and not present in the memory map. EEON is reset to the value last programmed into
CONFIG.

An on-chip charge pump develops the high voltage required for programming and erasing. When
the frequency of the E clock is less than 1 MHz, select the internal clock source to drive the
EEPROM charge pump by writing one to the CSEL bit in the OPTION register.

-t 4 -

Programming and erasing the EEPROM is controlled by the PPROG register, and dependent
upon the block protect (BPROT) register vaiue.

To erase the EEPROM, ensure that the proper bits of the BPROT register are cleared, then
complete the following steps using the PPROG register:

1. Setthe ERASE, EELAT, and appropriate BYTE and ROW bits in PPROG register.
Write to the appropriate EEPROM address with any data. Row erase only requires a write
to any location in the row. Bulk erase is done by writing to any location in the array.

3. Set the ERASE, EELAT, EEPGM, and appropriate BYTE and ROW bits in PPROG
register.

4. Delay for 10 ms or more, as appropriate.

5. Clear the EEPGM bit in PPROG to turn off the programming voltage.

6. Clear the PPROG register to reconfigure the EEPROM address and data buses for normal
operation.

. To program the EEPROM, ensure the proper bits of the BPROT register are cleared and use the
PROG register to complete the following steps:

Set the EELAT bit in PPROG register.

Wirite data to the desired address.

Set EEPGM bit in PPROG.

Delay for 10 ms or more, as appropriate.

Clear the EEPGM bit in PPROG to turn off the programming voltage.

Clear the PPROG register to reconfigure the EEPROM address and data buses for normal
operation.

oaswh =

CAUTION

Since it is possible to perform other operations while the EEPROM
program/erase operation is in progress, it is common to start the operation and
then return to the main program until the 10 ms is completed. When the EELAT
bit is set at the beginning of a program/erase operation, the EEPROM is
electronically removed from the memory map; thus, it is not accessible during the
program/erase cycle. Care must be taken to ensure that EEPROM resources will
not be needed by any routines in the code during the 10 ms progranmverase time.

MC68HC11E20 ' MOTOROLA
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PPROG — EEPROM Programming Control $103B

Bit 7 8 5 4 3 2 1 Bit 0
| ooo [ EveN | — T BYTE | ROW | ERASE | EELAT | EEPGM
RESET: 0 0 0 0 0 0 0 0

ODD — Program Odd Rows in Half of EEPROM (TEST)
EVEN — Program Even Rows in Half of EEPROM (TEST)

Bit 5 — Not implemented
Always reads zero

BYTE — Byte/Other EEPROM Erase Mode

ROW — Row/All EEPROM Erase Mode

BYTE ROW Action
0 0 Bulk Erase (All 512 Bytes)
0 1 Row Erase (16 Bytes)
1 0 Byte Erase
1 1 Byte Erase

ERASE — Erase/Normal Control for EEPROM
0 = Normal read or program mode
1 = Erase mode

EELAT — EEPROM Latch Control
0 = EEPROM address and data bus configured for normal reads
1 = EEPROM address and data bus configured for programming or erasing

EEPGM — EEPROM Programming Voltage Enable
0 = Programming voltage to EEPROM array disconnected
1 = Programming voltage to EEPROM array connected

MOTOROLA MC68HC11E20
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BPROT — Block Protect $1035

Bit 7 6 5 4 3 2 1 Bit 0
[ — | — [ — T prcon][ BPRT3 [ BPRT2 | BPRT1 | BPRTO |
: RESET:  © 0 0 1 1 1 1 1

PTCON — Protect for CONFIG
0 = CONFIG register can be programmed or erased normally
1 = CONFIG register cannot be programmed or erased

BPRT[3:0] — Block Protect Bits for EEPROM
0 = Protection disabled for associated block
1 = Protection enabled for associated block

Bit Name Block Protected Block Size

BPRTO $B600-$B61F 32 Bytes

BPRT1 $B620-$B65F 64 Bytes

BPRT2 $8660-$B6DF 128 Bytes

BPRT3 $B6E0—$B7FF 288 Bytes

NOTE

Block protect register bits can be written to zero (protection disabled) within 64
‘ cycles of a reset in normal modes, or at any time in special modes. Block protect

register bits can be written to one (protection enabled) at any time.

EEPROM Security Feature

Although it is not an operating mode, the security feature affects how the MCU behaves in certain
modes. When the optional security feature has been specified prior to manufacture and enabled
via the NOSEC bit in CONFIG, the MCU is restricted to operation in single-chip modes only. When
the NOSEC bit equals zero, the MCU ignores the state of the MODA pin during reset. This allows
the MCU to be operated in single-chip and bootstrap modes only. These modes of operation do
not allow external visibility of the internal address and data buses. Although the security feature
can easily be disabled when in bootstrap mode, the bootloader firmware residing in bootstrap
ROM checks to see if the NOSEC bit is clear. If NOSEC is clear (security enabled), the bootloader
program first erases the entire EEPROM array then writes $FF to all locations in RAM. The
program then verifies that these two steps have been completed. |f they have not, they are
repeated. Once these steps have been verified, the reset sequence continues and the device is
brought into bootstrap mode as usual. For more information refer to M68HC11 Reference Manual
(MBSHC11RM/AD).

MC68HC11E20
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Configuration Control Register (CONFIG)

The CONFIG register is used to define several system functions. CONFIG is made up of EEPROM

cells and static working latches. The operation of the MCU is controlled directly by these latches

and not the actual EEPROM byte. When programming the CONFIG register, the EEPROM byte is .
being accessed. When the CONFIG register is being read, the static latches are being accessed.

The CONFIG register can be read at any time. The value read is the one latched from the
EEPROM cells during the last reset sequence. A new value programmed into this register cannot
be read until a subsequent reset occurs. Unused bits always read as ones. :

In normal modes (SMOD = 0), CONFIG bits can only be written using the EEPROM programming
sequence, and are neither readable nor active until latched via the next reset. In special modes
(SMOD = 1), CONFIG bits can be written at any time.

CONFIG — System Configuration Register $103F
Bit7 6 5 4 3 2 1 Bit 0
| — 1T = 1 — — | Nnosec | Nocop | RoMoN | EEON |
RESET: 0 0 0 0 1 — — —

Bits [7:4] — Not implemented
Always read zero

NOSEC — Security Mode Disable
The security feature, a mask option, protects the contents of RAM and EEPROM by restricting the
operation of a protected device to single-chip modes. Changing to other modes while the device is
protected forces erasure of all RAM and EEPROM contents. This option must be specified before
manufacture. .
0 = RAM/EEPROM security mode enabled
1 = RAM/EEPROM security mode disabled

NOCOP — COP Watchdog Timer Disable
Refer to Resets and Interrupts.

ROMON — ROM/EPROM Enable
If SMOD = 1, this bit can be written at any time. If SMOD = 0, this bit cannot be written. In single-chip
mode ROMON is forced to one out of reset. In special test, boot, and normal expanded modes,
ROMON is forced to zero out of reset.
0 = 20 Kbytes of ROM/EPROM removed from the memory map
1 = 20 Kbytes of ROM/EPROM present in the memory map

EEON — EEPROM Enable
0 = 512 bytes EEPROM is removed from the memory map
1 =512 bytes EEPROM is present in the memory map

L
L
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Parallel Input/Output

The MC68HC11E20 has up to 38 input/output lines, depending on the operating mode. The
. data bus of this microcontroller is multiplexed with the low-order address outputs on port C.

Port A has three input-only pins, three output-only pins, and two bidirectional /O pins. Port A
shares functions with the timer system.

Port B is an 8-bit output-only port in single-chip mode, and the high-order address bus in
expanded modes.

Port C is an 8-bit bidirectional port in single-chip mode, and the muitiplexed low-order address and
data bus in expanded modes.

Port D, a 6-bit bidirectional port, shares functions with the serial systems (SCI and SP1).

Port E is an 8-bit input-only port that shares functions with the A/D converter system.

Simple and full handshake input and output functions are available on ports B and C lines in
single-chip mode. The following is a description of the handshake functions.

in simple strobed mode, port B is a strobed output port and port C is a latching input port. The two
activities are available simultaneously.

The STRB output is pulsed for two E-clock periods each time there is a write to the PORTB

register. The INVB bit in the PIOC register controls the polarity of STRB pulses. Port C levels are

latched into the altemnate port C latch (PORTCL) register on each assertion of the STRA input.

STRA edge select, flag, and interrupt enable bits are located in the PIOC register. Any or all of the
. port C lines can still be used as general-purpose 1/O while in strobed input mode.

Full handshake modes involve port C pins and the STRA and STRB lines. Input and output
handshake modes are supported, and output handshake mode has a three-stated variation.
STRA is an edge detecting input, and STRB is a handshake output. Control and enable bits are
located in the PIOC register.

In full input handshake mode, the MCU uses STRB as a ready line to an external system. Port C

logic levels are latched into PORTCL when the STRA line is asserted by the external system. The

MCU then negates STRB. The MCU reasserts STRB after the PORTCL register is read. A mix of

-... - latched inputs, static-inputs, and. static outputs is allowed. on pon C dlfferentlated by the data} SR
" direction bits and use of the PORTC and PORTCL: registers:" : : . =

In full output handshake mode, the MCU writes data to PORTCL which, in turn, asserts the STRB
output to indicate that data is ready. The external system reads port C and asserts the STRA input
to acknowledge that data has been received.

In the three-state variation of output handshake mode, lines intended as three-state handshake
outputs are configured as inputs by clearing the corresponding DDRC bits. The MCU writes data
to PORTCL and asserts STRB. The external system responds by activating the STRA input,
which forces the MCU to drive the data in PORTCL out on all of the port C lines. The mode
variation does not allow part of port C to be used for static inputs while other port C pins are being
used for handshake outputs. Refer to the PIOC register description for further information.

o
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The following table is a summary of the configuration and features of each port.

Port Input Output Bidirectional Shared Functions
Pins Pins Pins

Port A 3 3 2 Timer

Port B — 8 — High Order Address

PortC —_ —_ 8 Data Bus/Low Order
Address/General 110

Port D —_ — 6 SCl and SPI

Pont E 8 — — A/D Converter

Port pin function is mode dependent. Do not confuse pin function with the electrical state of the
pin at reset. Port pins are either driven to a specified logic level or are configured as high

impedance inputs.

/0 pins configured as high-impedance inputs have port data that is

indeterminate. The contents of the corresponding latches are dependent upon the electrical
state of the pins during reset. In port descriptions, an "I" indicates this condition. Port pins that
are driven to a known logic level during reset are shown with a value of either one or zero. Some

control bits are unaffected by reset. Reset states for these bits are indicated with a "U".

PIOC — Parallel IO Control $1002
Bit 7 6 5 4 3 2 1 Bit 0
| sTAF | stal [ cwom [ HNDs | oI PLS | EGA | INVB
RESET: 0 0 0 0 0 u 1 1

STAF — Strobe A Interrupt Status Flag
STAF is set when the selected edge occurs on Strobe A and cleared by reading PIOC with STAF set
followed by a PORTCL read (simple strobed or full input handshake mode) or PORTCL write (output
handshake mode).
0 = No Active Edge Detected
1 = Selected Active Edge Detected

STAI — Strobe A Interrupt Enable Mask
0 = STAF does not request interrupt
1 = STAF requests interrupt

CWOM — Port C Wired-OR Mode (affects all eight port C pins)
0 = Port C outputs are normal CMOS outputs
1 = Port C outputs are open-drain outputs

HNDS — Handshake Mode
0 = Simple strobe mode
1 = Full input or output handshake mode

OIN — Output or Input Handshake Select
HNDS must be set to one for this bit to have meaning.
0 = Input handshake
1 = Output handshake

e
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PLS — Pulse/Interlocked Handshake Operation
HNDS must be set to one for this bit to have meaning. Once activated, strobe B stays active until the
selected edge of strobe A is detected when interlocked handshake is selected.
. 0 = Interlocked handshake
1 = Pulsed handshake (Strobe B pulses high for two E-clock cycles.)

EGA — Active Edge for Strobe A
0 = STRA falling edge selected
1 = STRA rising edge selected

INVB — Invert Strobe B
0 = Active level is logic zero
1 = Active level is logic one

Parallel /O Control

STAF
Clearing
Sequence |HNDS|OIN PLS EGA PortB Port C
Simple Read PIOC o X X Inputs latched STRB pulses
strobed with STAF =1 0 * into PORTCL on writes to
mode then read on any PORTB
PORTCL * active edge
! on STRA
. Full Read PIOC 1 0| 0=STRB Inputs latched Normal output
input with STAF = 1 active level 1 + into PORTCL  |port, unaffected
handshake] then read — on any in handshake
mode PORTCL 1 =STRB active edge mades

active pulse | 2 on STRA

Fuil Read PIOC 1 1 _ Dri tputs if| Normal cutput
output  |with STAF = 1 0-STRB | o_| N L i bl e

) active level STRA at active | port, unaffected
handshake| then write h S?ice(ri tavel; follows in handshake
mode PORTCL 1 = STRB L__J: DDRC if STRA not modes
active pulse | STRA ' at active level
Foliow ¢ Active Edge A Follow
DDRC * ¢+ DDRC
PORTA — Port A Data $1000
Bit7 6 5 4 3 2 1 Bit 0
PA7 | PAa6 | PAs | Pa4 PA3 | PA2 | PAl PAO
RESET: | 0 0 0 | | J |
Alt. Pin
Func.: PAI oc2 OC3 OC4 QCs5/IC4 IC1 ] IC3
. Andlor:  OCH oct  oct oc1 oc1 — — —
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PACTL — Pulse Accumulator Control $1026

Bit 7 6 5 4 3 2 1 Bit 0
| DDRA7 | PAEN | PAMOD | PEDGE | DDRA3 | 14/05 | RTR1 | RTRo
RESET: 0 0 0 0 0 0 0 0

DDRA7 — Data Direction for Port A Bit 7
0 = Input only
1 = Output

PAEN — Pulse Accumulator System Enable
Refer to Pulse Accumulator.

PAMOD — Pulse Accumulator Mode
Refer to Pulse Accumulator.

PEDGE — Pulse Accumulator Edge Control
Refer to Pulse Accumulator.

DDRAS3 — Data Direction for Port A Bit 3
Overridden if an output compare function is configured to control the PA3 pin.
0 = Input
1 = Output

14/05 — Input Capture 4/Output Compare 5
Reter to Maln Timer.

RTR[1:0] — Real-Time Interrupt (RTI) Rate
Refer to Main Timer.

PORTB — Port B Data $1004
Bit 7 6 5 4 3 2 1 Bit 0
PB7 | PB6 | PB5 | PB4 | PB3 | PB2 | PB1 | PBO

S. Chip

orBoot:| PB7  PB6 PBS PB4  PB3  PB2  PBi PBO

RESET:| o 0 0 0 0 0 0 0

Expan.

or Test: | ADDR1S ADDR14 ADDR13 ADDR12 ADDR11 ADDRI1O ADDR9 ADDRS

In single-chip or bootstrap modes, port B pins are general-purpose outputs. In expanded or special
test modes, port B pins are high order address outputs. In PROG mode, port B pins are high-order
address inputs.
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PORTC — Port C Data $1003

Bit 7 6 5 4 3 2 1 Bit 0
PC7 PCé6 PCs PC4 I PC3 PC2 PC1 PCO ]
S. Chip
or Boot: PC7 PCé PCs PC4 PC3 PC2 PC1 PCO
RESET: | I | | I l | |
Expan.
or Test: | DATA7 DATA6 DATA5 DATA4 DATA3 DATA2 DATAt1 DATAO

In single-chip and bootstrap modes, port C pins reset to high impedance inputs (DDRC bits are set to
zero). It is customary to have an external pull-up resistor on lines that are driven by open-drain
devices. In expanded and special test modes, port C pins are multiplexed address/data bus and the
port C register address is treated as an external memory location.

PORTCL — Port C Latched Data $1005

Bit 7 6 5 4 3 2 1 Bit 0
PCL7 | PCls | Pcls | pcla | PCL3 | Polz | PcLi | PCLO |
RESET: | | | | [ | | |

PORTCL is used in the handshake clearing mechanism. When an active edge occurs on the STRA
pin, port C data is latched into the PORTCL register. Reads of this register return the last value
latched into PORTCL and clear STAF flag (following a read of PIOC with STAF set).

DDRC — Data Direction Register for Port C $1007
Bit 7 6 5 4 3 2 1 Bit 0
[ boc7 | pbpcs | pocs | ppca | pboca | ppc2 | DDC1 | DDCo
RESET: 0 0 0 0 0 0 0 0

DDC[7:0] — Data Direction for Port C
0 = Input
1 = Qutput
In handshake output mode, DDRC bits select the three-stated output option (DDCx = 1).

MC68HC11E20 MOTORO
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PORTD — Port D Data $1008

Bit 7 6 5 4 3 2 1 Bit 0
| — | — PDs | Ppa | Pp3 | pPD2 | PD1 PDO
RESET: 0 0 | I | | | !
Alt. Pin _
Func.: —_ — S8S SCK SDO/ SDl/ TxD RxD
MOSI  MISO

In all modes, port D bits [5:0] can be used either for general-purpose I/O, or with the SCI and SPI
subsystems. During reset, port D pins PD[5:0] are configured as high impedance inputs (DDRD bits

cleared).
DDRD — Data Direction Register for Port D $1009
Bit 7 6 5 4 3 2 1 Bit0
| —_ —_ DDD5 DDD4 DDD3 DDD2 DDD1 DDDO
RESET: 0 0 0 0 0 0 0 0

Bits [7:6] — Not implemented
Always read zero

DDD[5:0] — Data Direction for Port D

0 = Input
1 = Output
PORTE — Port E Data $100A
Bit 7 6 5 4 3 2 1 Bit 0
PE7 | PE6 | PEs | PE4 | PE3 | PE2 | PE1 | PEO
RESET: | | ! | | | | |
Alt. Pin
Func.: AN7 ANB ANS AN4 AN3 AN2 ANt ANO

Port E has eight general-purpose input pins and shares functions with the A/D converter system.
When any port E pins are being used as A/D inputs, PORTE should not be read during the sample
portion of an A/D conversion.
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Resets and Interrupts

MC68HC11E20
MC88HC11E20TSD

The MC68HC11E20 has 3 reset vectors and 18 interrupt vectors. The reset vectors are as
follows:

« RESET, or Power-On Reset
«  Clock Monitor Fail
« COP Failure

The 18 interrupt vectors service 23 interrupt sources (3 nonmaskable, 20 maskable). The three
nonmaskable interrupt vectors are as follows:

«  XIRQ Pin (X-Bit Interrupt)
« lilegal Opcode Trap
= Software Interrupt

On-chip peripheral systems generate maskable interrupts, which are recognized only if the global
interrupt mask bit () in the condition code register (CCR) is clear. Maskable interrupts are
prioritized according to a default arrangement; however, any one source can be elevated to the
highest maskable priority position by a software-accessible control register, HPRIO. The HPRIO
register can be written at any time, provided the | bit in the CCR is set.

Twenty interrupt sources in the MC68HC11E20 are subject to masking by a global interrupt mask
bit (I bit in the CCR). In addition to the global | bit, all of these sources, except the external
interrupt ({RQ) pin, are controlled by local enable bits in control registers. Most interrupt sources in
the M68HC11 have separate interrupt vectors; therefore, there is usually no need for software to
poli control registers to determine the cause of an interrupt.

For some interrupt sources, such as the SCI interrupts, flags are automatically cleared during the
normal course of responding to the interrupt requests. For example, the RDRF flag in the SCI
system is cleared by an automatic clearing mechanism consisting of a read of the SCI status
register while RDRF is set, followed by a read of the SCI data register. The normal response to an
RDRF interrupt request would be to read the SCI status register to check for receive errors, then
to read the received data from the SCI data register. These two steps satisfy the automatic
clearing mechanism without requiring any special instructions.
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Refer to the following table for interrupt and reset vector assignments.

Vector Address Interrupt Source CCR Local Mask | Prlority
Mask Bit (1=High)
FFCO0, C1 - FFD4, D5 | Reserved — — —_
FFD8, D7 SCI Serial System i
» SCI Receive Data Register Full RIE
* SCI Receiver Overrun RIE 23
¢ SCl Transmit Data Register Empty TIE
* SCI Transmit Complete TCIE
« SCl Idle Line Detect ILIE
FFDS8, D9 SPI Serial Transfer Complete | SPIE 22
FFDA, DB Puilse Accumulator Input Edge | PAIl 21
FFDC, DD Pulse Accumulator Overflow I PAOVI 20
FFDE, DF Timer Overflow | TOI 19
FFEO, E1 Timer Input Capture 4/Output Compare 5 | 14/051 17
FFE2, E3 Timer QOutput Compare 4 | OcC4l 14
FFE4, E5 Timer Qutput Compare 3 1 ocsli 13
FFES, E7 Timer Output Compare 2 | oczi 12
FFES8, ES Timer Output Compare 1 | OC1l 11
FFEA, EB Timer Input Capture 3 | IC3i4 10
FFEC,ED Timer Input Capture 2 I IC21 9
FFEE, EF Timer Input Capture 1 I IC11 8
FFFO, F1 Real-Time Interrupt | RTII 7
FFF2,F3 Parallel YO Handshake | None 6
IRQ (External Pin) I None 5
FFF4,F5 XIRQ Pin X None 4
FFF6, F7 Software Interrupt None None >
FFF8, F9 llegal Opcode Trap None None *
FFFA, FB CORP Failure None NOCOP 3
FFFC,FD Clock Monitor Fail None CME 2
FFFE, FF RESET None None 1

* Same level as an instruction

MOTOROLA
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OPTION — System Configuration Options

Bit 7 6 5 4 3 2 1 Bit 0
[ aopu [ cseL [ rae* [ ooy | ove | — | cmr* | cro |
RESET: 0 0 0 1 0 0 0 0
* Can be written only once in first 64 cycles out of reset in normal mode, or at any time in special modes.

ADPU — Analog-to-Digital Converter Power Up
Refer to Analog-to-Digital Converter.

CSEL — Clock Select
Refer to Analog-to-Digital Converter.

IRQE — IRQ Select Edge-Sensitive Only
0 = Low level recognition
1 = Falling edge recognition

DLY — Enable Oscillator Startup Delay on Exit from STOP
0 = No stabilization delay on exit from STOP
1 = Stabilization delay enabled on exit from STOP

CME — Clock Monitor Enable
0 = Clock monitor disabled; slow clocks can be used
1 = Slow or stopped clocks cause clock faiiure reset

Bit 2 — Not implemented
Always reads zero

CR[1:0] — COP Timer Rate Select

COP Timer Rate Select

CR{1:0] Divide XTAL = 4.0 MHz XTAL = 8.0 MHz XTAL = 12.0 MHz
E/215 By Timeout Timeout Timeout
-0/+32.8 ms -0/+16.4 ms -0/+10.9 ms
00 1 32.768 ms 16.384 ms 10.923 ms
01 4 131.072 ms 65.536 ms 43.691 ms
10 16 524.288 ms 262.140 ms 174.76 ms
11 64 2.097 sec 1.049 sec 699.05 ms
E= 1.0 MHz 2.0 MHz 3.0 MHz

MCe8HC11E20
MC68HC11E20TS/D
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COPRST — Arm/Reset COP Timer Circuitry $103A

Bit 7 6 5 4 3 2 1 Bit 0
L 7 [ & [ s | « [ s ] 2] 1] o]
RESET: 0 ) 0 0 0 0 0 0

Write $55 (%01010101) to COPRST to arm COP watchdog clearing mechanism. Write $AA
(%10101010) to COPRST to reset COP watchdog.

CONFIG — System Configuration Register $103F
Bit 7 6 5 4 3 2 1 Bit 0
| — I — T — T — [ n~oskc]Nocop [ rRoMON] EEON
RESET: 0 0 0 0 1 1 1 1

Bits [7:4] — Not implemented
Always read zero

NOSEC — COP System Disable
Refer to On-Chip Memory.

NOCOP — COP System Disable
Resets to programmed value
0 = COP enabled (forces reset on timeout)
1 = COP disabled (does not force reset on timeout)

ROMON — ROM/EPROM Enable
Refer to On-Chip Memory.

EEON — COP System Disable
Refer to On-Chip Memory.
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HPRIO — Highest Priority I-Bit Interrupt and Miscellaneous

Bit 7 6 5

4

3

2 1 Bito

| rBOOT*| SMoD* | mpa* | IRvNE* | PsEL3 | PsEL2 I PSEL1 | PSELO |

RESET: — — —

0

1 1 ¢]

*RBOOT, SMOD, MDA, and IRVNE reset depend on power-up initialization mode.

RBOOT — Read Bootstrap ROM
Refer to Operating Modes.

SMOD — 8pecial Mode Select
Refer to Operating Modes.

MDA — Mode Select A
Refer to Operating Modes.

IRVNE — Intemal Read Visibility/Not E (IRVNE can be written once in any mode)

Refer to Operating Modes.

PSEL[3:0] — Priority Select Bit 3 through Bit 0

$103C

Can be written only while the I-bit in the CCR is set (interrupts disabled). These bits select one
interrupt source to be elevated above all other I-bit related sources.

PSEL[3:0] Interrupt Source Promoted
0 0 0 0 Timer Overflow
0 0 0 1 Pulse Accumulator Overflow
0 0 1 0 Pulse Accumulator Input Edge
0 0 1 1 SPI Serial Transfer Complete
0 1 0 0 SCI Serial System
0 1 0 1 Reserved (Default to IRQ)
o 1 1 0 IRQ {External Pin)
0 1 1 1 Real-Time Interrupt
1 0 0] 0 Timer Input Capture 1
1 0 0 1 Timer Input Capture 2
1 0 1 0 Timer Input Capture 3
1 0 1 1 Timer Output Compare 1
1 1 o) 0 Timer Output Compare 2
1 1 0 1 Timer Output Compare 3
1 1 1 0 Timer Output Compare 4
1 1 1 1 Timer Output Compare 5/Input Capture 4

1
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Main Timer

The design of the main timer is based on a free-running 16-bit counter with a four-stage
programmable prescaler. A timer overflow function allows software to extend the system’s timing
capability beyond the counter's 16-bit range.

The timer has three input capture channels, four output compare channels, and one channel that
can be configured as a fourth input capture or a fifth output compare.

Refer to the following table for a summary of the crystal-related frequencies and periods.

Timer Summary

XTAL Frequencles
4.0 MHz 8.0 MHz 12.0 MHz Other Rates
Control 1.0 MHz 2.0 MHz 3.0 MHz (E)
Bits 1000 ns 500 ns 333 ns (1/E)
PR[1:0] Main Timer Count Rates
00
1 count — 1.0 us 500 ns 333 ns (E/1)
overflow — 65.536 ms 32.768 ms 21.845 ms (Er216)
01
1 count — 40us 2.0 us 1.333 us (E/4)
overflow — 262.14 ms 131.07 ms 87.381 ms (Er218)
10
1 count — 8.0us 4.0 pus 2.667 pus (E/B)
overflow — 524,29 ms 262.14 ms 174.76 ms (E219)
11
1 count — 16.0 pus 8.0 ps 5.333 us (E/16)
overflow — 1.049 ms 524.29 ms 349.52 ms (E/220)
RTR[1:0] Periodic Interrupt (RTI) Rates
00 8.192 ms 4.096 ms 2.731 ms (Er213)
01 16.384 ms 8.192 ms 5.461 ms (Er214y
10 32,768 ms 16.384 ms 10.923 ms (E21%)
11 65.536 ms 32.768 ms 21.845 ms (Er216)
CR[1:0] COP Watchdog Timeout Rates
00 32.768 ms 16.384 ms 10.923 ms (Er215)
01 131.072 ms 65.536 ms 43.691 ms (Er217)
10 524.288 ms 262.140 ms 174.76 ms (Er219)
11 2.097 sec 1.049 sec 699.05 ms (Er221)
Timeout Tolerance
(- 0 ms/+...) 32.8ms 16.4 ms 10.9 ms (Er215)
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PRESCALER
DIVIDE BY TCNT (HI) | TONT (LO) TOl ‘
meu | =48 ORIS 16-BIT FREE RUNNING —F
E CLK |_PR1 1 PRO | COUNTER
TAPSFOR RTI, INTERRUPT REQUESTS
* ;‘j’&:’g‘éﬁ'}mﬁ: {FURTHER QUALIFIED BY
16-BIT TIMER BUS 1 BIT INCCR)
TO PULSE
ACCUMULATCR PIN
ocil (s) A  FUNCTIONS
3> 16-BIT COMPARATOR = »[OGiF } L oo
TOC1 (HI) | TOC1 (LO) o0 ) >——=lair7
1
»] 16-BIT COMPARATOR = »H ocar } PAB/OCY
TOC2 (Hl) | TOC2 (LO) [Foc) l »——>1BIT6 oot
[l i—
=) - Y ol
1 16-BIT COMPARATOR [ocaF] BITS PAS/IOC3/
TOC3 (H)) | TOC3 (LO) [Focs ] ) >——’ oc1
] -®
> 16-BIT COMPARATOR = > OC4F | f. B AL/OCA)
TOC4 (HI) | TOC4(LO) [Foca] ) S BIT 4 001
14/05I D_@
- ocs
e e ] 2 - ] SN W S 2
(HY) {LO) {(0- 14/05F FOC5 IC4/0C 1
»|  16-BITLATCH CLK : c4—<Ho To <
CTTTTITTT ) CFORC
14/05 FORCE QUTPUT
[14/05 | Reequrt | Cicar | }@
»|  16BITLATCH Cik|= [iciF } <|BIT2 <—i PA2/IC1
TIc1 (HI) | TIC1 (LO) Cicar } }@
p]  16-BITLATCH CLK] {licer He «|BIT 1 <—| PA1/IC2
TIc2 (H) | TIC2 (LO) [Cicar } D@
3|  16BITLATCH CLK [icsF He <|{BITO <—| PAO/IC3
TIC3H) | TIC3(LO)
TFLG1 TMSK 1 PORT A
STATUS INTERRUPT PIN CONTROL
FLAGS ENABLES
CAPTURE COMPARE BLOCK
Timer Block Diagram
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CFORC — Timer Compare Force $100B

Bit 7 6 s a4 3 2

1 Bit 0
| Foct | Foc2 | Foca | Foca | Focs — - -
RESET: ] 0 0 0 0 ] 0 0
FOCI[5:1] — Force Output Compare
Write ones to force compare(s)
0 = Not affected
1 = Output x action occurs
Bits [2:0] — Not implemented
Always read zero
OC1M — Output Compare 1 Mask $100C
Bit7 & 5 4 3 2 1 Bit 0
[ocim7 | ocime [ ocims [ ocimse Jocims | — | — —
RESET: 0 0 0] 0 0 0 0 0
Set bit(s) to enable OC1 to control corresponding pin(s) of port A
Bits [2:0] — Not implemented
Always read zero
OC1D — Qutput Compare 1 Data $100D
Bit7 6 5 4 3 2 1 Bit 0
| ocip7 | ocips | ocips | ociba [ ociba |  — — | - ]
RESET: 0 0 0 0 0 0 0 0

it OC1Mx is set, data in OC1Dx is output to port A bit x on successful OC1 compares.

Bits [2:0] — Not implemented
Always read zero

TCNT — Timer Count $100E, $100F
$100E Bit 15 14 13 12 11 10 9 Bit 8 High
$100F Bit 7 6 5 4 3 2 1 Bit0 Low

TCNT resets to $1000

In normal modes, TCNT is a read-only register.
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TIC1-TIC3 — Timer Input Capture

$1010-%1015

$1010 Bit 15 14 13 12 11 10 9 Bit 8 High TIC1
$1011 Bit 7 6 5 4 3 2 1 Bit0 Low
$1012 Bit 15 14 13 12 11 10 9 Bit 8 High TICc2
$1013 Bit 7 6 5 4 3 2 1 Bit 0 Low
$1014 Bit 15 14 13 12 11 10 9 Bit 8 High TIC3
$1015 Bit7 6 5 4 3 2 1 Bit0 Low
TICx not affected by reset
TOC1-TOC4 — Timer Output Compare $1016-$101D
$1016 Bit 15 14 13 12 11 10 9 Bit 8 High TOCH
$1017 Bit 7 6 5 4 3 2 1 Bit 0 Low
$1018 Bit 15 14 13 12 11 10 9 Bit 8 High TOC2
$1019 Bit 7 6 5 4 3 2 1 Bit 0 Low
$101A | Bit15 14 13 12 11 10 9 Bit 8 High TOC3
$101B Bit 7 6 5 4 3 2 1 Bit 0 Low
$101C | Bit15 14 13 12 11 10 9 Bit 8 High TOC4
$101D Bit 7 6 5 4 3 2 1 Bit 0 Low
All TOCx register pairs reset to ones ($FFFF).
T14/05 — Timer Input Capture 4/Output Compare 5 $101E, $101F
$101E | Biti5 14 13 12 11 10 9 Bit 8 High
$101F Bit 7 6 5 4 3 2 1 Bit 0 Low

All TI4/05 register pairs reset to ones ($FFFF).

MC68HC11E20
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TCTL1 — Timer Control 1 _ $1020

Bit 7 8 5 4 3 2 1 Bit 0
| o2 | o2 [ o3 | o3 [ oma [ os | oms | ois
RESET: 0 0 0 0 0 0 0 0

OM[5:2] — Output Mode

OL[5:2] — Output Level

OMx Ol x Action Taken on Successful Compare
0 0 Timer disconnected from output pin logic
0 1 Toggle OCx output line
1 0 Clear OCx output line to zero
1 1 Set OCx output line to one
TCTL2 — Timer Control 2 $1021
Bit7 6 5 4 3 2 1 Bito
[ EDG4B | EDG4A | EDG1B | EDG1A | EDG2B | EDG2A | EDG3B | EDG3A
RESET: 0 0 0 0 0 0 0 o
Timer Control Configuration
EDGxB EDGxA Configuration
0 0 Capture disabled
0 1 Capture on rising edges only
1 0 Capture on falling edges only
1 1 Capture on any edge
TMSK1 — Timer Interrupt Mask 1 $1022
Bit7 6 5 4 3 2 1 Bit 0
| ocu [ ocal [ ocal | ocat | wosi [ cu | Ical Ical
RESET: 0 0 0 0 0 0 0 0

OC11-0OC4l — Qutput Compare x Interrupt Enable
If the OCxF flag bit is set while the OCxI enable bit is set, a hardware interrupt sequence is requested.

14/05] — Input Capture 4 or Qutput Compare 5 Interrupt Enable
When 14/05 in PACTL is one, 14/05I is the input capture 4 interrupt bit. When 14/05 in PACTL is zero,

14/05l is the output compare 5 interrupt control bit.
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IC11-1C31 — Input Capture x Interrupt Enable
if the ICxF flag bit is set while the ICxI enable bit is set, a hardware interrupt sequence is requested.

NOTE

Bits in TMSK1 correspond bit for bit with flag bits in TFLG1. Ones in TMSK1
enable the corresponding interrupt sources.

TFLG1 — Timer Interrupt Flag 1 $1023
Bit 7 6 5 4 3 2 1 Bit 0
[ ociF [ ocoF | ocaF | ocsr | wosF | iciF | 1c2F | icaF
RESET: 0 0 0 0 0 0 0 0

Clear flags by writing a one to the corresponding bit position(s).

OC1F-OC4F — Output Compare x Flag
Set each time the counter matches output compare x value

14/0O5F — Input Capture 4/Output Compare 5 Flag
Set by IC4 or OCS, depending on which function was enabled by 14/05 of PACTL

IC1F-IC3F — Input Capture x Flag
Set each time a selected active edge is detected on the ICx input line

TMSK2 — Timer Interrupt Mask 2 $1024
Bit 7 6 5 4 3 2 1 Bit 0
[ 7o | Rt JPaovi| Pat [ — | — | pri PRO
RESET: 0 0 0 0 0 0 0 0

TOI — Timer Overfliow Interrupt Enable
0 = TOF interrupts disabled
1 = Interrupt requested when TOF is set

RTil — Real-Time Interrupt Enable
0 = RTIF interrupts disabled
1 = Interrupt requested when PAOVF is set

PAQOVI — Pulse Accumulator Overflow Interrupt Enable
Refer to Pulse Accumulator.

PAIll — Pulse Accumulator Input Interrupt Enable
Refer to Pulse Accumulator.

Bits [3:2] — Not implemented
Always read zero
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PR[1:0] — Timer Prescaler Select
In normal modes, PR0O and PR1 can only be written once, and the write must occur within 64 cycles
after reset. The following table shows the prescaler selected with each combination of PR[1:0]. Refer
to Timer Summary table for specific timing values.

PR[1:0] Prescaler
00 +1
c1 +4
10 +8
11 +16
NOTE

Bits in TMSK2 correspond bit for bit with flag bits in TFLG2. Ones in TMSK2
enable the corresponding interrupt sources.

TFLG2 — Timer Interrupt Flag 2 $1025
Bit 7 6 5 4 3 2 1 Bit 0
TOF | RTF | PAOVF | PAFF - | - ] - —

RESET: 0 0 0 0 0 0 0 0

Clear flags by writing a one to the corresponding bit position(s).

TOF — Timer Overflow Flag
Set when TCNT changes from $FFFF to $0000

RTIF — Real-Time (Periodic) Interrupt Flag
Set periodically. Referto RTR[1:0] in PACTL register.

PAOVF — Pulse Accumulator Overflow Flag
Refer to Pulse Accumulator.

PAIF — Pulse Accumulator Input Edge Flag
Refer to Pulse Accumulator.

Bits [3:0] — Not implemented
Always read zero
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PACTL — Pulse Accumulator Control $1026

Bit 7 6 5 4 3 2 1 Bit 0
DDRA7 | PAEN | PAMOD | PEDGE | DDRA3 | 14/05 | R RTRO
RESET: 0 0 0 0 0 0 0 0

DDRA7 — Port A, Bit 7 Data Direction Control
Refer to Parallel Input/Output.

PAEN — Pulse Accumulator System Enable
Refer to Pulse Accumulator.

PAMOD — Pulse Accumulator Mode
Refer to Pulse Accumulator.

PEDGE — Pulse Accumulator Edge Control
Refer to Pulse Accumulator.

DDRA3 — Port A, Bit 3 Data Direction Control
Refer to Parallel Input/Output.

14/05 — Input Capture 4/Qutput Compare 5
Configure Ti4/05 for input capture or output compare
0 = OC5 enabled
1 = IC4 enabled

RTR{[1:0] — Real-Time Interrupt (RTl) Rate

Real-Time Interrupt Rates

RTR[1:0] Divide E By XTAL = 4.0 MHz XTAL = 8.0 MHz | XTAL = 12.0 MHz
00 213 8.19 ms 4.096 ms 2.731 ms
01 214 16.38 ms 8.192 ms 5.461 ms
10 215 3277 ms 16.384 ms 10.923 ms
11 216 65.54 ms 32.768 ms 21.845ms
= 1.0 MHz 2.0 MHz 3.0 MHz
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OPTION — System Configuration Options $1039

Bit7 6 5 4 3 2 1 Bit 0
| aopu | cseL | mee* | oy | oMe [ — | ot | cro |
RESET: 0 0 0 1 0 0 0 0

*Can be written only once in first 64 cycles out of reset in normal modes or at any time in special modes.

ADPU — A/D Converter Power Up
Refer to Analog-to-Digital Converter.

CSEL — Clock Select
0 = A/D and EEPROM charge pumps use system E clock
1 = A/D and EEPROM charge pumps use internal RC clock

IRQE — IRQ Select Edge-Sensitive Only
Refer to Resets and Interrupts.

DLY — Enable Oscillator Startup Delay
Refer to Resets and Interrupts.

CME — Clock Monitor Enable
0 = Clock monitor disabled; slow clocks can be used
1 = Slow or stopped clocks cause clock failure reset

Bit 2 — Not Implemented
Always reads zero

CR[1:0] — COP Timer Rate Select
Refer to the following table of COP timer rates.

COP Timer Rate Select

CR[1:0] Divide XTAL = 4.0 MHz XTAL = 8.0 MHz XTAL = 12.0 MHz
E/215 By Timeout Timeout Timeout
Dol e ~0/432:8 ms o <0/416.4 ms | o ~0/410.8 m8 Lo
00 | 1t ] T ga7esms T | 1ee4ms LT 100028 ms
01 4 131.072 ms 65.536 ms 43.691 ms
10 16 524.288 ms 262.140 ms 174.76 ms
11 64 2.097 sec 1.049 sec 699.05 ms
E= 1.0 MHz 2.0 MHz 3.0 MHz
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Pulse Accumulator

The MC68HC11E20 has an 8-bit counter that can be configured for gated time accumulation or to
operate as a simple event counter. The pulse accumulator counter can be read or written at any

time.

The PA7 pin can be configured to act as a clock in event counting mode, or as a gate signal to
enable a free-running clock (E divided by 64) to the 8-bit counter in gated time accumulation

mode.
Common XTAL Frequencies
Selected
Crystal 4.0 MHz 8.0 MHz 12.0 MHz
CPU Clock (E) 1.0 MHz 2.0 MHz 3.0 MHz
Cycle Time (1/E) 1000 ns 500 ns 333 ns
Puise Accumulator (in Gated Mode)
(E/25) 1 count — 64.0 us 32.0 us 21.330 ps
(Er214) overflow — 16.384 ms 8.192 ms 5.491 ms
PAOVI
PAOE
INTERRUPT
PAI REQUESTS
PAIF
E + 64 CLOCK w
(FROM MAIN TIMER) 3l = 3l
HE £| £
I [ | 11 1111
TMSK2 INT ENABLES TFLG2 INTERRUPT STATUS
PAl EDGE AA TNSABLE
- PAEN FLAG SETTING
* OVERFLOW
MCU PIN
PA7/ INPUT BUFFER > 2 CLocK --»| PACNT 8BITCOUNTER
PAI/ AND ——&{ MUX
GE DETECTOR <
0C1 ED - DATA A ENABLE
* BUS
OUTPUT <«
BUFFER PAEN
*
FROM I gl w
MAIN TIMER =zl 21 Q
0C1 HEE:
| L1 11
FROM
DDRA7 l PACTL CONTROL
INTERNAL
DATA BUS
PULSE ACC BLOCK
Pulse Accumulator System Block Diagram
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TMSK2 — Timer Interrupt Mask 2 $1024

Bit 7 6 5 4 3 2 1 Bit 0
| 1too | R | PAaOvi| PANl | — — | PRt | PRO
RESET: 0 0 0 0 0 0 0 0

TOIl — Timer Overflow Interrupt Enable
Refer to Main Timer.

RTil — Real-Time Interrupt Enable
Refer to Main Timer.

PAOVI — Pulse Accumulator Overflow Interrupt Enable
0 = PAOVF interrupts disabled
1 = Interrupt requested when PAOVF is set to one

PAll — Pulse Accumulator Input Edge Interrupt Enable
0 = PAIF interrupts disabled
1 = Interrupt requested when PAIF is set to one

Bits [3:2] — Not implemented
Always read zero

PR[1:0] — Timer Prescaler Select
Refer to Main Timer.

NOTE

Bits in TMSK2 correspond bit for bit with flag bits in TFLG2. Ones in TMSK2
enable the corresponding interrupt sources.

TFLG2 — Timer Interrupt Flag 2 $1025
Bit 7 6 5 4 3 2 1 Bit 0
| 7of | RF [Paovf]| PAF | — | — | — [ — |
RESET: 0 0 0 0 0 0 0 0

Clear flags by writing a one to the corresponding bit position(s).

TOF — Timer Overflow Flag
Refer to Main Timer.

RTIF — Real-Time (Periodic) Interrupt Flag
Refer to Main Timer.

PAOVF — Pulse Accumulator Overfiow Flag .
Set when PACNT changes from $FF to $10

MOTOROCLA MC68HC11E20
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PAIF — Pulse Accumulator Input Edge Flag

Set each time a selected active edge is detected on the PAIl input line

Bits [3:0] — Not implemented
Always read zero

PACTL — Pulse Accumulator Control $1026
Bit 7 6 5 3 2 1 Bit0
| DDRA7 | PAEN [ PAMOD | PEDGE | DDRA3 | 1405 | RTR1 | RTRO
RESET: 0 0 0 0 0 0 0
DDRA7 — Port A, Bit 7 Data Direction Control
Refer to Parallel Input/Output.
PAEN —- Pulse Accumulator System Enable
0 = Pulse accumulator disabled
1 = Pulse accumulator enabled
PAMOD — Pulse Accumuiator Mode
0 = Event counter
1 = Gated time accumulation
PEDGE — Pulse Accumulator Edge Control
PAMOD PEDGE Action on Clock
o 0] PAl falling edge increments the counter.
0 1 PAl rising edge increments the counter.
1 0 A zaro on PAI inhibits counting.
1 1 A one on PAl inhibits counting.
DDRAS — Port A, Bit 3 Data Direction Control
Refer to Paraliel Input/Qutput.
14/05 — Input Capture 4/Qutput Compare 5
Refer 1o Main Timer.
RTR[1:0] — Real-Time Interrupt Rate
Refer to Main Timer.
PACNT — Pulse Accumulator Counter $1027
Bit7 6 5 3 2 1 Bit 0
| Bit7 6 5 3 2 1 Bit 0

Can be read and written, unaffected by reset.

MCe8HC11E20
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Serial Communications Interface

The SClI is a universal asynchronous receiver transmitter (UART) serial communications interface,
an independent serial I/O subsystem in the MC68HC11E20. It has a standard NRZ format (one
start bit, eight or nine data bits and one stop bit) and several baud rates available. The SCI
transmitter and receiver are independent, but use the same data format and bit rate. An extra bit in
the baud rate control register (BAUD) adds a divide-by-39 to the SCI clock prescaler. Refer to the
two tables in the BAUD register description for a summary of the SCI baud rate values.
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|

TRANSMITTER (WRITE ONLY)
BAUD RATE SCDR Tx BUFFER
CLOCK *
10 (11) - BIT Tx SHIFT REGISTER
. PIN BUFFER
> |H|e|7 6 5 4 3 21 ofL}--> 1 AND CONTROL
@ gl wl wl = «
y E| 2| 2 2| 2 -
& 3l Sl & T T
IR IR
[ b = o ul
gl » 2| S
2 g
& FORCE PIN
DIRECTION (OUT)
> TRANSMITTER
—> CONTROL LOGIC <
8
(11} w [V d
© o |y 41
al.e =E &le 3|9|5|5 r:l
SCCR1 SCI CONTROL 1 SCSR INTERRUPT STATUS

Q YY

TORE

A

TC
TCIE
- v
L =l El;lw

2|
wi= e
mlcclm

\ / SCCR2 SCI CONTROL 2

Y

PD1
TxD

SCI Rx SCI INTERRUPT INTERNAL
REQUESTS REQUEST DATABUS
SCITXBLOCK 2
SCI Transmitter Block Diagram
MC68HC11E20 B L3L7248 0137LL5 70T HE MOTOROLA
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RECEIVER
BAUD RATE
CLOCK

10 (1) - BIT
Rx SHIFT REGISTER

PIN BUFFER DATA 76 5 43 210
AND CONTROL RECOVERY

S
2
w

DISABLE Y * MsB ALL ONES
- TR

AA YYYYY o}
2 IR
Efe||z§||| HEEBEEEENR \ 4
SCCR1 SCI CONTROL 1 SCSR1 SCISTATUS 1 SCDR Rx BUFFER
*** (READ ONLY)
N 8,
rd
RDAF
IDLE
OR
(e tAY
o 8
- EPERPEE t
SCCR2 SCI CONTROL 2
SCI T SCIHNTERRUPT
REQUESTS REQUEST g“;f:gﬁ; R
SCI Receiver Block Diagram
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EXTAL OSCILLATOR INTERNAL BUS CLOCK (PH2)
> AND —>> * T I
] CLOCK GENERATOR
_EXRL_(‘ {(+4) BN [+ | [ +13 ] | +a9 |
SCP[2:0]
> %nzo:o 0:0:1 010 0:1:1 100
——AS

+16

SCl

TRANSMIT

BAUD RATE
1%

SCI
RECEIVE
BAUD RATE
(16X)

301 BAUD GENERATOR /39

SCI Baud Generator Circuit Diagram
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BAUD — Baud Rate Control Register

Bit 7 6 5 4 3 2 1 Bit 0
TclR | scP2 | scP1 | scpo | RckB | scr2 | scRi | scro
RESET:  © 0 0 0 0 u u u

TCLR — Clear Baud Rate Counters (TEST)

SCP[2:0] — SCI Baud Rate Prescaler Selects

Divide Crystal Frequency
Internal Clock
SCP[2:0] By 4.0 MHz | 4.9152 MHz| 8.0 MHz | 8.3886 MHz | 12.0 MHz
000 1 62500 76800 125000 131072 187500
001 3 20833 25600 41667 43691 62500
c10 4 15625 19200 31250 32768 46875
011 13 4800 5907 9600 10082 14423
100 39 1602 1969 3205 3361 4808

RCKB — SCI Baud Rate Clock Check (TEST)

SCR[2:0] — SCI Baud Rate Selects

Selects receiver and transmitter bit rate based on output from baud rate prescaler stage. Refer to SCI

baud rate generator block diagram.

Divide Highest Baud Rate
Prescaler (Prescaler Output from Previous Table)
SCR[2:0] By 131072 76800 32768 19200 4800
000 1 131072 76800 32768 19200 4800
001 2 65538 38400 16384 9600 2400
010 4 32768 19200 8192 4800 1200
011 8 16384 9600 4096 2400 600
100 16 8192 4800 2048 1200 300
101 32 4096 2400 1024 600 150
110 64 2048 1200 512 300 75
111 128 1024 600 256 150 375

MOTOROLA MCB8HC11E20
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SCCR1 — SCI Control Register 1 $102C

' Bit 7 6 5 4 3 2 1 Bit 0

R8 | T8 — M | wake | — — —
RESET: U u 0 0 0 0 0 0

R8 — Receive Data Bit 8
0 = SCl receiver configured for 8-bit data characters.
1 = If M bit is set, R8 stores the ninth data bit in the receive data character.

T8 — Transmit Data Bit 8
0 = SCl transmitter configured for 8-bit data characters.
1 = If M bit is set, R8 stores the ninth data bit in the transmit data character.

Bit 5 — Not implemented
Always reads zero

M — Mode (Select Character Format)
0 = Start bit, 8 data bits, 1 stop bit
1 = Start bit, 9 data bits, 1 stop bit

WAKE — Wakeup by Address Mark/Idle
0 = Wakeup by IDLE line recognition
1 = Wakeup by address mark {(most significant data bit set)

’ Bits [2:0] — Not implemented
Always read zero

MC88HC11E20 MOTOROLA
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SCCR2 — SCI Control Register 2 $102D

Bit 7 6 5 4 3 2 1 Bit 0
| TE | TcE | RE ILIE TE RE RVW | SBK
RESET: 0 0 0 0 0 0 0 0

TIE — Transmit Interrupt Enable
0 = TDRE interrupts disabled
1 = SCl interrupt requested when TDRE status flag is set

TCIE — Transmit Complete Interrupt Enable
0 = TC interrupts disabled
1 = SCl interrupt requested when TC status flag is set

RIE — Receiver Interrupt Enable
0 = RDRF and OR interrupts disabled
1 = SCl interrupt requested when RDRF flag or the OR status flag is set

ILIE — Idle Line Interrupt Enable
0 = IDLE interrupts disabled
1 = SCl interrupt requested when IDLE status flag is set

TE — Transmitter Enable
0 = Transmitter disabled
1 = Transmitter enabled

RE — Receiver Enable
0 = Receiver disabled
1 = Receiver enabled

RWU — Receiver Wakeup Control
0 = Normal SClI receiver
1 = Wakeup enabled and receiver interrupts inhibited

SBK — Send Break
0 = Break generator off
1 = Break codes generated as long as SBK = 1

SCSR — SCI Status Register $102E
Bit 7 6 5 4 3 2 1 Bit 0
TORE | T¢ | RORF | IDLE | OR NF FE —

RESET: 1 1 0 0 0 0 0 0

TDRE — Transmit Data Register Empty Flag
This flag is set when SCDR is empty. Clear the TDRE flag by reading SCSR1 with TDRE set and then
writing to SCDR.
0 = SCDR busy

1 = SCDR empty .
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TC — Transmit Complete Flag
This flag is set when the transmitter is idle (no data, preamble, or break transmission in progress).
Clear the TC flag by reading SCSR1 with TC set and then writing to SCDR.
0 = Transmitter busy
1 = Transmitter idle

RDRF — Receive Data Register Full Flag
Once cleared, IDLE is not set again until the RxD line has been active and becomes idle again. RDRF
is set if a received character is ready to be read from SCDR. Clear the RDRF flag by reading SCSR1
with RDRF set and then reading SCDR.
0 = SCDR empty
1=S8CDR full

IDLE — Idle Line Detected Flag
This flag is set if the RxD line is idle. Once cleared, IDLE is not set again until the RxD line has been
active and becomes idle again. The IDLE flag is inhibited when RWU = 1. Clear IDLE by reading
SCSR1 with IDLE set and then reading SCDR.
0 = RxD line is active
1 = RxD line is idle

OR — Overrun Error Flag
OR is set if a new character is received before a previously received character is read from SCDR.
Clear the OR flag by reading SCSR1 with OR set and then reading SCDR.
0 = No overrun
1 = Overrun detected

NF — Noise Error Flag
NF is set if majority sample logic detects anything other than a unanimous decision. Clear NF by
reading SCSR1 with NF set and then reading SCDR.
0 = Unanimous decision
1 = Noise detected

FE — Framing Error
FE is set when a zero is detected where a stop bit was expected. Clear the FE flag by reading SCSR1
with FE set and then reading SCDR.
0 = Stop bit detected
1 = Zero detected

Bit 0 — Not implemented
Always reads zero

SCDR — SCI Data Register $102F
Bit 7 6 5 4 3 2 1 Bit 0
R7T7 | ReTe | RsTs | R4ra | RT3 | R2T2 | RUT1 | RO/TO

RESET: U u u u u u u u

Receive and transmit are double buffered. Reads access the receive data buffer, and writes access
the transmit data buffer. When the M bit in SCCR1 is set, R8 and T8 in SCCR1 store the ninth bit in
receive and transmit data characters.
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Serial Peripheral Interface

The SPI allows the MCU to communicate synchronously with peripheral devices and other
microprocessors. When configured as a master, data transfer rates can be as high as one-half the
E clock rate (1.5 Mbits per second for a 3-MHz bus frequency). When configured as a slave, data
transfers can be as fast as the E clock rate (3 Mbits per second for a 3-MHz bus frequency).

When the SPI is enabled, all pins that are defined by the configuration as inputs are inputs
regardless of the state of the DDR bits for those pins. All pins that are defined as outputs will be
outputs only if the DDR bits for those pins are set to one. Any SPI output whose corresponding
DDR bit is set to zero can be used as a general-purpose input. If the SPI system is in master mode
and DDRD bit 5 is set to one, the port D bit 5§ pin becomes a general-purpose output instead of
the SS input to the SPI system. The MODF mode error flag function for which SS was used
becomes disabled to avoid interference between the general-purpose output function and the

SPI system.
INTERNAL
MCU CLOCK s
¢ M
MSB LSB M @
DIVIDER M
42 +4 +16 432 <«€-{ 8/16BITSHIFT REGISTER  [*€-1 s § —.
READ DATA BUFFER 4
2
* E
CLOCK §
SPI CLOCK (MASTER) £
SELECT > CLOCK ( s
LOGIC > M PD4
>~ = 5
E| 2 AAA =
b PDS
el I3
=l
Y'Y 2l &2
L MSTR )\
SPE
SPI CONTROL <
-
=d [TR >
u| Q ° | ] <] ~] ©
58 € 5 815 2| 8| 3| &l &
1 11 11 sl
L SPISTATUS REGISTER ] 1 [ SPI CONTROL REGISTER ]
8, 8
> -
SPI INTERRUPT INTERNAL
REQUEST DATA BUS " smaockesR
SPI Block Diagram .
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SPCR — SPI Control Register $1028

Bit 7 6 5 4 3 2 1 Bit 0
| spie | spE [owom | msr | croL | cPHA | spr1 | sPro |
RESET: 0 0 0 0 0 1 u u

SPIE — Serial Peripheral interrupt Enable
0 = SPI interrupts disabled
1 = SPI interrupts enabled

SPE — Serial Peripheral System Enable
0 = SPI oft
1=SPlon

DWOM — Port D Wired-OR Mode Option for Port D Pins PD[5:0]
See also WOMS bit in SCCR1.
0 = Normal CMOS outputs
1 = Open-drain outputs

MSTR — Master Mode Select
0 = Slave mode
1 = Master mode

CPOL, CPHA — Clock Polarity, Clock Phase
Refer to SPI Transfer Format.

SCK CYCLE # [ 2 3 4 5 6 7 8
SCK {CPOL = 0) |
| | | | | | |
e ‘ ’ ’ ’ ‘ I \ ‘
, vy iy lvliylyly
cPHa-0) paTaouT — MsB_ X 6 X 5 X ¢4 X 8 X 2 X 1 X8 X y———
——— ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ I,
(CPHA = 1) DATA OUT ——{ MSB 6 5 4 3 2 1 LsSB r—
|
SS (TO SLAVE) ‘ /
@<—————— SLAVE CHPA=1 TRANSFER IN PROGRESS ————————»}
& MASTER TRANSFER IN PROGRESS D
e SLAVE CHPA=0 TRANSFER IN PROGRESS >
) ®
1. 55 ASSERTED
2. MASTER WRITES TO SPDR
3. FIRST SCK EDGE
4. SPIF SET
5. SS NEGATED

SPI TRANSFER FORMAT 1

SPl Transfer Format
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SPR[1:0] — SPI Clock Rate Selects

E Clock Frequency at
SPR[1:0] Divide By E = 2 MHz {Baud)
00 2 1.0 MHz
o1 4 500 kHz
10 16 125 kHz
11 32 62.5 kHz
SPSR — SPI Status Register $1029
Bit 7 6 5 4 3 2 1 Bit 0
| sPF [ wooL | — [ mooF | — — — [ =]
RESET: 0 0 0 0 0 0 o] 0

SPIF — SPI Transfer Complete Flag
This flag is set when an SPI transfer is complete (after eight SCK cycles in a data transfer). Clear this
flag by reading SPSR (with SPIF = 1), then access SPDR.
0 = No SPI transfer complete or SPI transfer still in progress
1 = SPI transfer complete

WCOL — Write Collision Error Flag
This flag is set if the MCU tries to write data into SPDR while an SPI data transfer is in progress. Clear
this flag by reading SPSR (WCOL = 1), then access SPDR.
0 = No write collision error
1 = SPDR written while SPI transfer in progress .

Bit 5 — Not implemented
Always reads zero

MODF — Mode Fault (Mode fault terminates SPI operation)
MODF is set when SS is pulled low while MSTR = 1. Clear this flag by reading SPSR with MODF set,
then write to SPCR.
0 = No mode fault error
1 = 88 pulled low in master mode

Bits [3:0] — Not implemented
Always read zero

SPDR — SPI Data Register . $102A
Bit 7 6 5 4 3 2 1 Bit Ol
Bt7 | & | s 4 3 2 1 Bit 0

SPI is double buffered in, single buftered out.
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Analog-to-Digital Converter

The analog-to-digital (A/D) converter system uses an all-capacitive charge-redistribution

. technique to convert analog signals to digital values. The MC68HC11E20 A/D converter system,

. an 8-channel, multiplexed-input, successive-approximation converter, is accurate to *+1 least

significant bit (LSB). It does not require external sample and hold circuits because of the type of
charge-redistribution technique used.

Dedicated pins Vry and Vg, provide the reference supply voltage inputs.

A multiplexer allows the single A/D converter to select one of 16 analog signals.

PEO
<
8-BIT CAPACITIVE DAC
— WITH SAMPLE AND HOLD
\ —n
SUCCESSIVE APPROXIMATION
REGISTER AND CONTROL
RESULT
ANALOG \ A A A
MUX
PE4
AN4 [«
@ <
INTERNAL
PE6 DATA BUS
Y AAAAAA
—
sl 23] alolwl<
o |<n Z|O|0o|o|o
AN7 ADCTL A/D CONTROL
'YYY y
RESULT REGISTER INTERFACE
ADR1 A/D RESULT 1 ADR2 A/D RESULT 2 ADR3 A/D RESULT 3 ADR4 A/D RESULT 4

S S T S

AD BLOCK

A/D Converter Block Diagram
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E CLOCK

= MSB BIT6 | BITS | BIT4 | BIT3 | BIT2 | BIT1 | LSB -

12 ECYCLES 4 2 2 2 2 2 2 2 2 L]

§ CYCLES CYC CYC CYC CYC CYC CYC CYC | CYC Z

e | SAMPLE ANALOG INPUT SUCCESSIVE APPROXIMATION SEQUENCE ‘E‘Ijg E

woio e W

e

: ceme 2 g

: 5 2

- =

e 5

e e ]

| | (7] i o
CONVERT FIRST CONVERT SECOND CONVERT THIRD CONVERT FOURTH

CHANNEL 32 CHANNEL 64 CHANNEL
AND UPDATE ADRt AND UPDATE ADR2 AND UPDATE ADR3

[=]

CHANNEL » E
AND UPDATE ADR4 CYCLES

-

AD CONVERSION TiM
Timing Diagram for a Sequence of Four A/D Conversions
DIFFUSION AND
POLY COUPLER
WA —o—Y o
< 4KQ *
400 nA el DAG
JUNCTION 20pF | CAPACITANCE
LEAKAGE
YV VR
*THIS ANALOG SWITCH IS CLOSED ONLY DURING THE 12-CYCLE SAMPLE TIME.
ANALOG INPUT PIN
Electrical Model of an Analog Input Pin (Sample Mode)
MOTOROLA - MC68HC11E20
56 . L367248 0137L7b 595 WA MC68HC11E20TS/D

This Materi al

Copyrighted By Its Respective Manufacturer




ADCTL — A/D Control/Status

Bit 7 6 4 3 2 1 Bit 0
| ccF | — [scan | mut | o cC cB CA
RESET: 0 0 u U u U U

CCF — Conversions Complete Flag

CCF is set after an A/D conversion cycle and cleared when ADCTL is written.

Bit 6 — Not implemented
Always reads zero

SCAN — Continuous Scan Control

0 = Do four conversions and stop

1 = Convert four channels in selected group continuously

MULT — Multiple Channel/Single Channel Control

0 = Convert single channel selected

1 = Convert four channels in selected group

CD:CA — Channel Select D through A

A/D Converter Channel Assighments

$1030

Channel Select Control Bits Channel Result in ADRx if Result in ADRx if
cD ccC CB CA Signal MULT = 1 MULT = 0
0 0 0 (o] ADO ADR1 ADR][4:1]
0 0 0 1 AD1 ADR2 ADR[4:1]
0 0 1 0 AD2 ADR3 ADR[4:1]
) 0 1 1 AD3 ADR4 ADR[4:1]
0 1 0 0 AD4 ADR1 ADR[4:1]
0 1 0 1 AD5 ADR2 ADR[4:1]
0 1 1 0 AD6 ADR3 ADR[4:1]
0 1 1 1 AD7 ADR4 ADR[4:1]
1 0 0 0 Reserved — —

1 0 (¢] 1 Reserved _ —
1 0 1 0 Reserved — —_
1 0 1 1 Reserved —_ —
1 1 0 0 ViH ADR1 ADR[4:1]
1 1 0 1 VRaL ADR2 ADR[4:1]
1 1 1 0 (VRH)/2 ADR3 ADR[4:1]
1 1 1 1 Test/Reserved* ADR4 ADR[4:1]

*Used for factory testing

MC68HC11E20
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ADR[1:4] — A/D Results $1031-$1034

$1031 Bit 7 ADR1
$1032 Bit 7 ADR2
$1033 Bit 7 ADR3
$1034 Bit 7 ADR4

Analog Input to 8-Bit Result Translation Table

Bit 7 6 5 4 3 2 1 Bit 0
% (1 50% 25% 125% | 6.25% | 3.12% | 1.56% | 0.78% | 0.39%
Volts @ | 2,500 1.250 0.625 | 0.3125 | 0.1562 | 0.0781 | 0.0391 | 0.0195
(1) % of VRH—-VRL (2) Volts for VR = 0; VRy=5.0V
OPTION — System Configuration Options $1039
Bit7 6 5 4 3 2 1 Bito
| aopu | cseL | moe* | iyt [ ove | — | cmrr [ cRe*
RESET: 0 0 0 1 0 0 0 0

*Can be written only once in first 64 cycles out of reset in normal modes, any time in special modes.

ADPU — A/D Converter Power-Up
0 = A/D converter powered down
1 = A/D converter powered up

CSEL — Clock Select
0 = A/D and EEPROM use system E clock
1 = A/D and EEPROM use internal RC clock

IRQE — IRQ Select Edge-Sensitive Only
Refer to Resets and Interrupts.

DLY — Enable Oscillator Startup Delay
Refer to Resets and Interrupts.

CME — Clock Monitor Enable
Refer to Resets and Interrupts.

Bit 2 — Not Implemented
Always reads zero

CR[1:0] — COP Timer Rate Select
Refer to Main Timer.
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