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8-BIT EPROM MICROCOMVUTER UNIT

The MCB8705P5 Microcomputer Unit (MCU) is an EPROM member
of the M6805 Family of low-cost single-chip microcomputers. The user
programmable EPROM allows program changes and lower volume
applications in comparison to the factory mask programmabie versions.
The EPROM versions also reduce the development costs and turn-
around time for prototype evaiuation of the mask ROM versions. This

8-BIT EPROM
MICROCOMPUTER

8-bit microcomputer contains a CPU, on-chip CLOCK, EPROM,
bootstrap ROM, RAM, 1/0, and a TIMER.

Because of these features, the MCB8705P5 offers the user an
economical means of designing an M6805 Family MCU into his system,
either as a prototype evaluation, as a low-volume production run, or a
pilot production run.

- ¥ L L SUFFIX
LT CERAMIC PACKAGE
CASE 719

HARDWARE FEATURES

® 8-Bit Architecture

® 112 bytes of RAM

® Memory Mapped 1/0

® 1804 Bytes of User EPROM

® |nternal 8-Bit Timer with 7-Bit Prescaler
®Programmable Prescaler
o ~Programmable Timer Input Modes
* External Timer Interrupt

S SUFFIX
CERDIP PACKAGE
ALSO AVAILABLE

PIN ASSIGNMENT

— @ Vectored interrupts _-_:,AExte_mal,__Tn_m_e_rJ and Software bl vgsh @~ 8 p AESET
® Zero-Cross Detection on INT lnput Nt g2 270 PA7
® 20 TTL/CMOS Compatible Bidirectional 1/0 Lines (8 Lines are Vccq 3 6P P A6

LED Compatible) d
® On-Chip Clock Generator EXTAL L4 % P PAS
® Master and Power-On Reset xTALs 24[) PAa
® Complete Development System Support on EXORciser VPPq 6 23fra3
® Emulates the MCB805P2 and MCEB805P4 (Except for Vgg) TIMER @7 2 a2
® Bootstrap Program in ROM Simplifies EPROM Programming pcols 21 Pat
® EPROM Security Features (Hardware and Software) pcio 20D Pa0
P87
SOFTWARE FEATURES Pc2Qio '9g 8
® Similar to M6800 Family pcagn ‘8 P86
® Byte Efficient Instruction Set peo(Q12 170 P85
® Easy to Program pa1{l13 16{J PB4
® True Bit Manipulation PBZC 14 15 Ppm
® Bit Test and Branch Instructions
® Versatile Interrupt Handling
® Versatile Index Register ORDERING INFORMATIO
. R MATION
® Powerful lndexeﬁj .Addressmg for Tables (=10 MMz, Ta=0 to 70°Ci
® Full Set of Conditional Branches
® Memory Usable as Registers/Flags Package Type Order Number
® Single Instruction Memory Examine/Change Ceramic
® 10 Powerful Addressing Modes L Suffix MCB8705P5L
Cerdip
® All Addressing Modes A ly to EPROM RAM, and I/
ng Mo pp v e — d_ E S o S S S_Suffix _ MC68705P5S
EXORciser 1s a registered trademark of Motorola inc ©MOTOROLA INC , 1983 ADI-9684-R1

This document contains information on a new product Sgpeciications and inlgrmaton heren
are subject 10 change without notice

.




MCS8706PS HMOS MICROCOMPUTER BLOCK DIAGRAM
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MAXIMUM RATINGS
Rating Symbol Vaiue Unit

Supply Voltage vee —-03t0 +70 \

Input Volitage This device contains circuitry to protect the in-
EPROM Programmung Voitage (Vpp Pin} Vpp ~031t0 +22.0 v puts agamnst damage due to high stauc voltages
TIMER Pin or electric hields; however, 1t is adwised that nor-

Normal Mode Vin —-03tw +70 \" mal precautions be taken 1o avoid apphcaton of
Bootstrap Programming Mode Vin -0.3ta +150 \" any voltage higher than maximum rated voltages
All Qthers Vin -03w +70 v to this high-impedance circuit. Far proper opera-
Operating Temperature Range Ta Ot +70 5C ton itis recommended that V|, and V¢ be con-
7 73 5 c strained to the range Vg5 < (Vi or Vot < VCC
Storage Temperature Range stg —N o+ Rehabiity of operauon s enhanced if unused in-
Junction Temperature Ty + 150 °C puts are tied to an appropriate logic voitage level
o le g . esther Vgs or Negh.- - — _—
THERMAL CHARACTERISTICS
Characteristic Symbol Value Unit

Thermal Resistance °

Ceramic Package 03A 50 °C/W

POWER CONSIDERATIONS

The average chip-junction temperature, T J, in °C can be obtained from:
Ty=Ta+(Pp*dya) (n
Where:
Ta = Ambient Temperature, °C
0 A = Package Thermal Resistance, Junction-to-Ambient, °C/W
PO=P\NT + PPORT
PINT=Icc x Vee, Watts — Chip Internal Power
PpORT = Port Power Dissipation, Watts — User Determined

For most applications PPORT <€ PINT and can be neglected. PPORT may become sigruficant if the device is configured to
drive Darlington bases ar sink LED loads.

An approximate relationship between Pp and Tj (if PPQRT is neglected) is:

PD =K~ (T +273°C) ' 2
Solving equations 1 and 2 for K gives:
K=Ppe(Ta +273°C) +0JA*PD2 (3

Where K is a constant pertaining to the particular part. K can be determined from equation 3 by measuring Pp (at equilibrium)
for a known T a. Using this value of K the values of Pp and T can be obtained by solving equations (1) and (2) iteratively for any
value of Ta.
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MC68705P5

PROGRAMMING QOPERATION ELECTRICAL CHARACTERISTICS
IVce=525Vde +05, Vgs=0Vdc, Tao=20° to 30°C unless otherwise noted)

Charactenstic Symbol Min Typ Max Unit
Programming Voitage (Vpp Pinl Vpp 200 210 220 V-
Vpp Supply Current
Vpp=525V Ipp - - 8 mA
Vpp=210V - - 30
Pragramming Oscillator Frequency fascp 09 10 | MHz
Bootstrap Programming Mode Voitage {TIMER Pin) |, =100 pA Max VIHTP 90 12.0 150 v

SWITCHING CHARACTERISTICS (Vce= +5.25 Vde +0 5 Vdc, Vg5 =0 Vdc, To=0° to 70°C unless otherwise noted)

Characteristic Symbol Min Typ Max Unit
Oscillator Frequency
Normal fose 04 - 42 MHz
Instruction Cycle Time (4/fggc) leye 0950 - 10 us
INT or Timer Pulse Width (See Interrupt Section) WL tWH | teye 250 - - ns
RESET Puise Width TAWL teye + 250 - - ns
AESET Delay Time (External Cap= 1.0 uF) tRHL 100 - - ms
[NT Zero Crossing Detection Input Frequency fINT 003 - 10 kHz
External Clock Duty Cycle (EXTAL) (See Figure 12) - a0 50 60 9%

ELECTRICAL CHARACTERISTICS (Vo= +5.25 Vdc £05 Vde, Vgg=0 Vde, Ta=0° to 70°C unless otherwise noted}

Characteristic Symbol Min Typ Max Unit
Input High Voltage
RESET (4 755V (<5 79) 40 - vee
(Veec<4 75 Vee-058 - vee
INT  (4.75sVccs575) ViH 40 »*» vee %
Vee <4 751 Vee-05 * vVee
All Other 20 - vee
Input High Volitage (TIMER Pin)
Timer Mode ViH 20 - vVee v
. Bootstrap Programming Mode 90 120 150
Input Low Voltage
RESET -03 - 08
iNT * ViL -03 * e 15 Y
All Qther -03 - 08
Internal Power Dissipation (Na Port Loading, V=525V, TA=0°C) PINT - 450 T80 mw
Input Capacitance
XTAL Cin - 25 - pF
All Other - 10 -~
iNT Zero-Crussing Voltage, through a Capacitor VINT 20 - 40 Vacp-p
RESET Hysteresis Voltage (See Figure 11)
Out of Reset Voltage VIRES + 21 - 40 v
Into Reset Voltage VIRES - g8 - 20
Pragramming Voltage (Vpp Pin)
Programming EPROM Vep® 200 210 220 v
Operating Mode - 40 Vee 575
input Current
TIMER (V=04 V) - - 20
iNT V=04V - 20 50 )
EXTAL (Vin=24 V 10 V¢ Crystal Option) hn - - 10 A
(V,n=04 V Crystal Opuon) - - - 1600
AESET (V,,=08 V) -40 - -40

(External Capacitor Changing Current)

*Vpp i1s Pin 6 on the MCEB8705P5 and is connected to V¢ in the Normal Operating Mode. In the MCE805P2, Pin 6 is NUM and is connected
to Vss in the Narmal Operating Mode. The user must allow for this difference when emulating the MCE805P2 ROM-based MCU.

* *Due to internal biasing, this input when not used) floats 1o approximately 2.0 V.
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PORT ELECTRICAL CHARACTERISTICS (Vcc=+525 Vde, +05 Vde, Vss=0 Vdc, Ta=0° to 70°C unless otherwise noted}

Charactenstic LSymbol I Min JEE Max T Unn
Port A
Qutput Low Voltage. i gag =1 6 mA VoL - 04 v
Output High Voltage I gag= - 100 xA VoM 24 - v
Output High Voltage I gag= - 10 uA VOH Vee-10 - - v
Input High Voltage, ! gag = — 300 uA 1Max) ViH 20 - Vee+07 v
Input Low Voltage. | pad= — 500 A (Max) Vi Vgs - 08 V
Hi-Z State Input Current [V, =20 V 10 V¢l I - - - 300 uh
Hi-Z State input Current iV, =04 V) m B _ —500 7y
Port B
Qutput Low Voltage, l{ gag=3 2 mA VoL - - 04 v
Output Low Voltage, ! gad= 10 mA (Sink} VoL - - 10
Output High Voitage. I _gag= — 200 uA VOH 24 - - v
Darhington Current Orive (Source), V=15V 10H -10 - -10 mA
Input High Volitage ViH 20 - vVee+07 v
Input Low Voliage ViL Vss - [OF:] Vv
Hi-Z State Input Current 7SI - 2 20 uA
Port C
Qutput Low Valtage, | gag=16 mA VoL - - 04 vV
Output High Voitage, l|_gag= — 100 uA VOH 24 - - Vv
Input High Voitage ViH 20 - Vee+07 \V
Input Low Voliage ViL Vss = 08 V]
Hi-Z State input Current ITsI - 2 20 uA

FIGURE 1 — TTL EQUIVALENT TEST LOAD

(PORT B)
\ =575V
MMD6150 cc
Test . or Equv 150
Point
MMOD7000
ar Equiv
C =40 pF (total)

FIGURE 2 — CMOS EQUIVALENT :I'EST LOAD N

T T (PORT A)

Test Point o——l
30 pF (total)

|

FIGURE 3 — TTL EQUIVALENT TEST LOAD
(PORTS A AND C)

" =575V
MMC6150 cc
or Equiv 297xQ
Test
g
Point J
Vi c ==
T MMD7000
ar Equiv
C=230 pF (totalr

SIGNAL DESCRIPTION

The input and output signals for the MCU are described in
the following paragraphs.

Vcc and Vgs — Power is supphed to the MCU using two
pins. VcC 1s power and Vg 1s the ground cannection.

Wl’ — Trus pin aliows an external event to asynchronously
interrupt the processor 1t can also be used as a polled input
using the BIL and BIH instructions Refer to INTERRUPTS
for additional information

XTAL and EXTAL — These pins provide connections to

the on-chip clock oscillator circuit. A crystal, a resistor, or an

= ~~external signal, depénding on the CLK bit {see MASK OP-
TIONS), is connected to these pins to provide a system clock

source with various stability/cost tradeoffs. Lead lengths

and stray capacitance on these two pins should be mini-

mized. Refer to INTERNAL CLOCK GENERATOR OPTIONS

for recommendations about these inputs.

TIMER — This 1s used as an external input to control the
internal umer/ circustry. This pin also detects a higher voltage
level used to initiate the bootstrap program (see PROGRAM-
MING FIRMWARE!. Refer to TIMER for additional informa-
tion about the timer circuitry.

RESET —~ This pin has a Schmutt Trigger input and an on-
chip pullup The MCU can be reset by puiling RESET low
Refer to RESETS for additional information.

Vpp — This pin 1s used when programming the EPRQM
By applying the programming voltage to this pin, one of the
requirements is met for programming the EPROM. In normal
operation, this pin is connected to Vcc. Refer to PRO-
GRAMMING FIRMWARE and ELECTRICAL
CHARACTERISTICS.

@ MOTOROLA Semiconductors ‘ =
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MC68705P5

INPUT/QUTPUT LINES (PAO-PA7, PBO-PB7, PCO-PC7,
PDO-PD7) — These 20 lines are urranged into two 8-bit ports
{A and B} and one 4-bit port (C) Al lines are programmable
as either inputs or outputs, under software control of the
Data Direction Registers (DDRs) Refer to INPUT/OUTPUT
for additional information, buing sure to observe the
Caution.

MEMORY
As shown in Figure 4, the MCU is capable of addressing
2048 bytes of memory and 1/Q registers with its program

of these locations. This consists of 1804 bytes of user
EPROM, 115 bytes of bootstrap ROM, 112 bytes of user
RAM, an EPROM Mask Option Register (MOR), a Program
Control Register (PCR), and exght bytes of 1/0. The user
EPROM s located in two areas. The main EPROM area 1s
memory locations $080 to $783 The second area Is reserved
for eight interrupt/reset vector bytes at memory locations
$7F8 10 $7FF. The MCU uses nine of the lowest 16 memory
locations for program control and I/ Q features such as ports,
the port DDRs, and the umer. The Mask Option Register at
memory location $784 completes the total. The 112 bytes of

counter. The MCB8705P5 MCU has implemented 2041 bytes user RAM include up to 31 bytes for the stack

FIGURE 4 — MCE8705P5 MCU MEMORY CONFIGURATION

4 7 0 7654 3 210
(b4
1/Q Ports Timer $000 0 Port A s0c0
Page Zero and 1 Port 8 s001
Access with RAM
Short - (128 Bytes) SO7F 2f 1111 | Parc |so02
Instructions 128 Page Zero S080 3 Not Used $003
PROM
L:?‘;;EB ° 4 Port A OOR * $004
(2osf ytes) FF
T s 5 Port 8 DOR* $005
6[ 1 11 1 |PorcDDR| 006
Main User 7 NotUsed 3007
EPROM 8 Timer Data Reg $008
(1668 Bytes)
9] Timer Control Reg  |5008
Not Used $S00A
1823 $783
s e e s s et Program Control Req | $008
19 Mask Option Reg $784
1928 Bootstrap $785 Not Used $00C-00F
ROM $010
A (115 Bytes) : RAM
‘-\\.\: e $7F 7 T TN Z Bytes! — A
AN Timer Interrupt 37F8 Stack
.:‘?‘”’ e bk 131 Bytes Maximum}
42 External Interrupt STFA
Interrupt. J 2003 b o o e 3 $7FB 1 07F
Veclors 044 swWi S7FC ;
NS e e A STFD
xXas STFE
a\th RESET STFF

Cauzon Data Direction Registers IDDRs) are write-only, they read as SFF

The stack area 1s used dunng the processing of interrupt
and subroutine calls to save the drocessor state. The register

FIGURE 5 — INTERRUPT STACKING ORDER

1 7 5 4 3 2 1 O Pult
contents are pushed onto the stack in the order shown in \ 2 Condition
Figure 5. Because the stack oointer decrements during 1 n-d4f 111 Code Register [N +!
pushes, the low order byte (PC1 of the program counter is
stacked first; then the high orcer: three bits (PCH) are stack- n-3 Accumulator n+2
ed. This ensures that the progra= counter is loaded correct-
ly during pulls from the stack since the stack pointer in- n-2 Index Register n+3
crements during puils. A subrowtine call results in only the
program counter (PCL, PCH) >>ntents being pushed onto -1 11 v PCH* n+4
the stack; the remaining CPU ragisters are not pushed.

n PCL*® n+5 Y

Push
* For subroutine calls, only PCH and PCL are stacked.
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MC68705P5

CENTRAL PROCESSING UNIT

The CPU of the M6805 Family i1s implemented in-
dependently from the 1/0 or memory configuration. Conse-
quently, it can be treated as an independent central pro-
cessor communicating with I/O and memory via internal
address, data, and control buses.

REGISTERS

The M6805 Family CPU has five registers available to the
programmer. They are shawn in Figure 6 and are explained in
the following paragraphs.

- FIGURE 8 — PROGRAMMING MODEL

7 Q
1 Accumulator

0
-I Index Register

10 87 Q
( PCH PCL j Program Counter
10 5 4 0
{oJofofo 1 ]] SP | Stack Pomter
4 0
l wliInlz]c Condinon Code
Register
Carry/Borrow

———— Zero

Negative

—————————— Interrupt Mask

Half Carry

ACCUMULATOR (A) — The accumuiator is a general pur-
- pose B-bit register used. to hold operands and-results of the
anthmetic calculations or data manipulations.

INDEX REGISTER (X) — The index register is an 8-bit
register used for the indexed addressing mode. It contains an
8-bit value that may be added to an instruction value to
create an effective address. The index register can also be
used for data manipulations using read-modify-write instruc-
tions. The index register may also be used as a temporary
storage area.

PROGRAM COUNTER (PC) — The program counter is an
11-bit register that contains the address of the next.instruc-
tion to be executed.

STACK POINTER (SP) — The stack pointer is an 11-bit
register that contains the address of the next free location on
the stack. During an MCU reset or the Reset Stack Pointer
(RSP) instruction, the stack pointer is set to location $O7F.
The stack pointer is then decremented as data is pushed on-
to the stack and incremented as data is then pulled from the
stack. The six most significant bits of the stack pointer are
permanently set to 000011, Subroutines and interrupts may
be nested down to location $061 {31 bytes maximum), which
allows the pragrammer to use up to 15 levels of subroutine
calls (less if interrupts are allowed).

@ MOTOROLA Semiconductors
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CONDITION CODE REGISTER (CC) — The condition
code register 1s a S-bit register in which four bits are used to
indicate the results of the instruction just executed. These
bits can be individually tested by a program and specific ac-
tion taken as a result of their state Each of the five bits 1s ex-
plained below

Half Carry (H) — Set durning ADD and ADC operations to
indicate that a carry occurred between bits 3 and 4

Interrupt (1) — When this bit is set the tmer and external
interrupt {INT) are masked (disabled). If an interrupt occurs
while this bit 1s set, the interrupt is latched and 1s processed
as soon as the interrupt bit 1s cleared

Negative (N) — When set, this bit indicates that the result
of the last anthmetic, logical, or data mampulation was
negative (bit 7 in the result is a logical *1”')

Zero {2} — When set, this bit indicates that the result of
the last arithmetic, logical, or data manipulation was zero

Carry/Borrow (C) — When set, this bit indicates that a
carry or borrow out of the anthmetic logic unit {ALU) occur-
red during the last arithmetic operation. This bit is also af-
fected during bit test and branch instructions plus shifts and
rotates

N

TIMER

The MCB8705P5 MCU timer consists of an 8-bit software-
programmable counter which is driven by a 7-bit software-
programmable prescaler. Various umer clock sources may be
selected ahead of the prescaler and counter. The timer selec-
tions are made via the Timer Control Register {TCR) and/or
the Mask Option Register IMOR). The TCR also contains the
interrupt control bits. The sections elsewhere entitled TIMER

-CONTROL-REGISTER-and MASK-OPTIONS include addi-_—__} .

tional details on controlling this timer.

The MCU timer circuitry is shown in Figure 7. The 8-bit
counter may be loaded under program control and is
decremented toward zero by the fc|N counter input {output
of the prescaler option selection). Once the 8-bit counter has
decremented to zero, it sets the TIR (Timer Interrupt Re-
quest) bit 7 {b7 of TCR). The TIM (Timer Interrupt Mask) bit
(b6) can be software set to inhibit the interrupt request, or
software cleared to pass the interrupt request to the pro-
cessor. When the I-bit in the Condition Code Register is
cleared, the processor receives the Timer Interrupt The
MCU responds to this interrupt by saving the present CPU
state on the stack, fetching the umer interrupt vector from
locations $7F8 and $7F3 and executing the interrupt routine.
The processor is sensitve to the level of the imer interrupt
request line; therefore if the interrupt 1s masked, the T!R bit
may be cleared by software {e.g., BCLR) without generating
an interrupt. When.servicing a timer interrupt, the TIR bit
MUST be cleared by the timer interrupt service routine soft-
ware in order to clear the timer interrupt request.

The counter continues to count (decrement/ after failing”
through to $FF from zero. Thus, the counter can be read at
any time by the processor without disturbing the count. This
allows a program to determine the length of time since the
occurrence of a tmer interrupt and does not disturb the
counting process.
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MC68705P5

The internal circuit connected to the RESET pin consists
of a Schmutt tngger which senses the RESET line logic level
The Schrmutt trigger provides an internal reset voltage when
it senses logical 0" on the RESET pin. During power-up,
the Schmitt trigger switches on (removes reset) when the
RESET pin voltage nses to VIRES + . When the RESET pin
voltage falls to a logical "0 for a period longer than one
tcyc, the Schmitt tngger switches off to provide an internal
reset voltage The "switch off” voltage occurs at VIRgs —.
A typical reset Schmitt tngger hysteresis curve 1S shown in
Figure 9 See Figure 13 under INTERRUPTS for the com-
plete reset sequence.

INTERNAL CLOCK GENERATOR OPTIONS

The internal clock generator circuit 1s designed to require 3
mimimum of external components. A crystal, a resistor, a
jumper wire, or an external signal may be used to generate a
system clock with various stability/ cost tradeoffs. The Mask

Option Register (EPROM) 1s programmed o select crystal or
resistor operation The oscillator frequency s internally
divided by four to produce the internal system clocks.

The different connection methods are shown in Figure 10.

FIGURE 9 — TYPICAL RESET SCHMITT
TRIGGER HYSTERESIS

Out |
of Reset

In Reset 1 Y %‘

FIGURE 10 — CLOCK GENERATOR OPTIONS

XTAL
c MC88705PS

E—“ EXTAL MCu

C
t I (Crystal Option, MOR
{See Note 2) = b7=0, See Note 1)

!

Crystal
5
1 XTAL
External — MCB8705P5
Clock EXTAL MCU

Input {Crystal Option,

MOR b7 =0}

—

External Clock

NOTES:

A XTAL
MC68705P5
HEXTAL MCu
(RC Qption,
MOR b7=1)

W

Approximately 25% to 50% Accuracy
Typical teyc=125pus
External Jumper

Vece
Laan—3]
| XTAL
R
(See Fig. 12) 4 MC68705PS
9 2 HextaL  MCU
No
COnnechn (RC OQ(IOn,
MOR b7 =1

~

Approximately 10% ta 25% Accuracy
(Excludes Resistor Tolerance)
External Resistor

1

2

When the TIMER input pin is in the Vi4Tp range (in the bootstrap EPROM programming model, the crystal option 1s forced. When the
TIMER input 1s at or below V., the clock generator aption is determined by bit 7 of the Mask Option Register (CLK).

The recommended C_ value with a 4 0 MHz crystal 1s 27 pF maximum, including system distributed capacitance. There 1s an internal
capacitance of approximately 25 pF on the XTAL pin. For crystal frequencies other than 4 MHz, the total capacitance on each pin should be
scaled as the inverse of the frequency ratto. For example, with a 2 MHz crystal, use approximately 50 pF on EXTAL and approximately 25 pF
on XTAL. The exact value depends on the Motional-Arm parameters of the crystal used

MOTOROLA Semiconductors
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The clock input to the umer can be from an external
source {decrementing the counter 0CCuUrs On 3 positive tran-
sitton of the external sourcel apphied to the TIMER input pin,
or 1t can be the internal @2 signal The maximum trequency
ot a signal that can be recognized by the TIMER pin logic s
dependent on the parameter labeled tw. twH The pn
logic that recogrmizes the high state on the pin must also
recognize the low state on the pin in order to "re-arm’ the
internal logic Therefore, the penod can be calculated as
follows {assumes 50/50 duty cycle tor a given period)

‘CYC x 2 + 250 ns = pernod = freq

The period 1s not simply tw + twH This computation 1s
allowable, but 1t does reduce the maximum allowable tre-
gquency by defining an unnecessarily longer period (250 ns
twice)

When the ¢2 signal 1s used as the source, 1t can be gated
by an input apphed to the TIMER pin allowing the user 10
easily perform pulse-width measurements (Note When the
MOR TOPT tit s set and the CLS bitis clear, an ungated ¢2
clock nput is obtained by tying the TIMER pin to Ve ) The
source of the clock input s selected via the TCR or the MOR
as described later

A prescaler option can be applied to the clock input that
extends the uming interval up to @ maximum of 128 counts
before decremenung the counter. This prescaling option
selects one of eight outputs an the 7-bit binary divider; one
output bypasses prescaiing. To avoid truncation errors, the
grescaler 1s cleared when bit b3 of the TCR 1s written to a
iogic 1 . when in the saftware controlled mode (TOPT =0,
maore on these modes tn later paragraphs), however, TCR bit
b3 reads as a logic "0 when TOPT=0 and as a 1" when
TOPT =1 to ensure proper operation with read-modify-write
instructions 1ot set and clear for example)

At Reset, the prescaler and counter are imtiahized to an af!
15 condition. the Timer Interrupt Request bit {TCR, b7) s
cleared and the Timer Interrupt Request mask (TCR, b6) 1s
set TCR bits b0, b1, b2, b4, and b5 are imuialized by the cor-

are then software selectable after Reset if TOPT =0

Note that the timer block diagram in Figure 7 reflects two
separate uimer control contigurations. al software controlled
mode wvia the Timer Control Register {TCR), and b) MOR
controlled mode to emulate 3 mask ROM version with the
Mask Option Register In the software controlled mode, all
TCR bits are read/wnte, except bit b3 which i1s write-only
{always reads as a logic “’0"’) In the MOR controlled mode,
TCR bits b7 and b6 are read/wnite, the other six have no ef-
fect on a wnite and read as logic “"1s”. The two configura-
tions provide the user with the capability to freely select
umer options as well as accurately emulate the MC6805P2
and MCB805P4 mask ROM version. In the following para-
graphs refer to Figure 9 as well as the TIMER CONTROL
REGISTER and MASK OPTIONS sections.

The TOPT (Timer Option) bit {b6) in the Mask Option
Register 1s EPROM programmed to a logical “'0"" to select the
software controlled mode, which 1s described first. TCR bits
b5, b4, b3, b2, b1, and b0 give the program direct control of
the prescaler and input selection options.

The Timer Prescaler input (fp|N) can be configured for
three different operating modes, plus a disable mode,
depending upon the value wptten to TCR control bits b4 and
bS (TIE and TIN).

When the TIE and TIN bits are programmed to ““0”, the
timer input is from the internai clock (¢2) and TIMER input

. respanding Mask Option Register (MOR) bits at Reset. They

@ MOTOROSL'A Semiconductors

pin 1s disabled The internal clock mode can be used for
peniodic interrupt generation as well as a reference for fre-
quency and event measurement

When TIE -1 and TIN=0, the internal clock and the
TIMER mnput pin signals are ANDed to torm the timer input
tpin This mode can be used to measure external pulse
widths The external pulse simply gates in the internal clock
for the duration of the pulse The accuracy of the count in
this mode 1s + one count

When TIE=0 and TIN=1, no fp|N nput 1s appled to the
prescaler and the tmer 1s disabled

When TIE and TIN are both programmed to a 1", the
umer 1s from the external clock The external clock can be
used to count external events as well as provide an external
frequency for generating penodic interrupts

Bits b0, b1, and b2 in the TCR are program controlled to
choose the appropnate prescaler output The prescaling
divides the fpiN frequency by 1, 2, 4, etc 1n binary multiples
to 128 producing fciN frequency to the counter The pro-
cessor cannot write into or read from the prescaler,
however, the prescaler 1s set to all "1s”" by wriing b3 of TCR
to a'1”, which allows for truncation-free counting

The MOR controlled mode‘of the tmer 1s selected when
the TOPT (Timer Option) bit (b6) in the MOR 1s programmed
to alogical "1 to emulate the mask-programmable prescaler
of the MCB805P2 and MCB805P4 The umer circuits are the
same as described above; however, the Timer Control
Register {TCR) 1s configured differently, as discussed below

The logical level for the functions of bits B0, b1, b2, and b5
in the TCR are all determined at the tme of EPROM pro-
gramming. They are controlled by corresponding bits within
the Mask Option Register IMOR, $784) The value program-
med into MOR bits b0, b1, b2, and b5 controls the prescaler
division and the umer clock selection. Bit b4 (TIE) and b3
{PSC) are set to a logical "1 in the MOR contralled mode.
{When read by software, these six TCR bits always read as
logical "1s” ) As in the software programmable configura-
tion, the TIM (b8) and TIR (b7) bits of the TCR are controlled
by the counter and software as described above and in
TIMER CONTROL REGISTER. The MOR controlled mode is
designed to exactly emulate the MCB805P2 and MCB805P4

which has only TIM and TIR in the TCR and have the

prescaler optians defined as manufacturing mask options.

RESETS

The MCU can be reset in two ways: by initial power-up
and by the external reset input {RESET). Upon power-up, a3
delay of tR(_ 1s needed before allowing the RESET input to
go high. This time allows the internal clock generator to
stabilize. Connecting a capacitor to the RESET input, as
shown in Figure 8, typically provides sufficient delay

FIGURE 8 — POWER-UP RESET DELAY CIRCUIT
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Crystal specifications and suggested PC board layouts are
given in Figure 11. A resistor selection graph is given in

Figure 12.
FIGURE 11 — CRYSTAL MOTIONAL-ARM
PARAMETERS AND SUGGESTED PC BOARD LAYOUT é:
{a) b3
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as short as possible.
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FIGURE 12 — TYPICAL FREQUENCY SELECTION
FOR RESISTOR OSCILLATOR OPTION

1 1

Resistance (kQ)

The crystal osciliator start-up time 1s a funcuon of many
vanables crystal parameters (especially Rg), oscillator load
capacitances, IC parameters, ambient temperature, and
supply voltage. To ensure rapid oscillator start-up neither the
crystal charactenstics nor the load capacitances should ex-
ceed recommendations.

BOOTSTRAP ROM

The bootstrap ROM contains a factory program which
allows the MCU to fetch data from an external device and
transfer it into the MCEB8705P5 EPROM. The bootstrap pro-
gram provides: timing of programming pulses, timing of Vpp
input, and venfication after programming. See PROGRAM-
MING FIRMWARE.

MASK OPTION REGISTER (MOR)

The Mask Option Register is an 8-bit user programmed
{EPROM]} register. Bits in this register are used to select the
type of system clock, the tmer option, the timer/prescaler
clock source, the prescaler option, and the secure mode Itis
fully described in the MASK OPTIONS.

INTERRUPTS

The MC88705P5 MCU can be interrupted three different
ways: through the external interrupt (INT) input pin, the
internal umer interrupt request, or the software interrupt in-
struction (SWI) When any interrupt occurs: the current in-
struction (including SWI) s completed, processing 1s
suspended, the present CPU state is pushed onto the stack,
the interrupt bit {l) in the Condition Code Register is set, the
address of the interrupt routine 1s obtained from the appro-
priate nterrupt vector address, and the interrupt routine is
executed. Stacking the CPU registers, setting the I-bit, and
vector fetching requires a total of 11 tcyc periods for comple-
uon. A flowchart of the interrupt sequence is shown in
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Figure 13. The interrupt service routine must end with a
return from interrupt (RTH) Instruction which allows the CPU
to resume processing of the program prior to the interrupt
(by unstacking the previous CPU state) Uniike RESET,
hardware interrupts do not cause the current instruction
execution to be halted, but are considered pending until the
current instruction execution is complete.

When the current instruction 1s complete, the processor
checks all pending hardware interrupts and, f unmasked,

proceeds with interrupt processing, otherwise, the next in-
struction 15 fetched and executed Note that masked inter-
rupts are latched for later interrupt service.

If both an external interrupt and a timer interrupt are pend-
ing at the end of an instruction execution, the external inter-
rupt is serviced first The SWI! 1s executed as any other in-
struction.

The external interrupt is internally synchronized and then
latched on the falling edge of INT. A sinusordal input signal

FIGURE 13 — RESET AND INTERRUPT PROCESSING FLOWCHART
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(fiNT maximum) can be used to generate an external inter-
rupt, as shown in Figure 14(a}, for use as a Zero-Crossing
Detector (for negative transitons of AC sinusoid) This
allows applications such as servicing time-of-day routines
and engaging/disengaging AC power control devices Off-
chip full-wave rectification provides an interrupt at every zero
crossing of the AC signal and thereby provides a 2t clock

For digital applications, the INT pin can be driven by a
digital signal. The maximum frequency of a signal that can
be recogmized by the TIMER or TNT pin logic 1s dependent on
the parameter labeled twL. twH. The pin logic that
recognizes the high {or low]) state on the pin must aiso
recognize the low (or high} state on the pin in order to “'re-
arm” the internal logic. Therefore, the period can be
calculated as follows: {assumes 50/50 duty cycle for a given
period)

penod = 1

+ =
(Cyc x 2 250 ns freq

The period 1s not simply tw + twH This computation is
allowable, but 1t does reduce the maximum allowable fre-
quency by defining an unnecessarily long penod (250 ns
twice). See Figure 14(b). For the INT function, the maximum

allowable frequew IS also determined by the software
response of the INT service routine

A software interrupt (SWI) 1s an executable instruction
which 1s executed regardless of the state of the I-bit in the
Condiion Code Register SWIs are usually used as break-
points for debugging or as system calis

INPUT/QUTPUT

There are 20 input/output pins. The INT pin may be polled
with branch instructions to provide an additional input pin.
All pins on Ports A, B, and C are programmable as either in-
puts or outputs under software control of the corresponding
Data Direction Register (DDR). The port I/Q programming 1s
accomplished by writing the corresponding bit in the port
DOR to a logic "'1"" tor output or a logic "0 for input. On
Reset all the DDRs are initalized to a logic "'0"" state, placing
the ports in the input mode. The port output registers are not
imtiahzed on Reset but may be written to before setting the
DDR bits to avoid undefined levels. When programmed as
outputs, the latched output data i1s readable as input data
regardless of the logic levels at the output pin due to output
loading; see Figure 15 When Port B i1s programmed for out-
puts, 1t 1s capable of sinking 10 mA and sourcing 1 mA on
each pin.

FIGURE 14 — TYPICAL INTERRUPT CIRCUITS

a — Zero-Crossing Interrupt

b — Digital-Signal Interrupt

vee
{Current TTL 47k

ac  Umund 2 MC68705PS Level 2l mcesroses
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tiNT Max) R 0.1-10 Input
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R=1MQ

ac Input=10 Vop

o

FIGURE 15 — TYPICAL PORT I/0 CIRCUITRY
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Iy Pin

*DDR 1s wnte-only register and reads as all *'1s"".
* »Ports B and C are three-state ports. Port A has internal pullup

devices to provide CMOS drive capability. See Electrical
Characteristics tables for complete information.
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All input/output lines are TTL compatible as both inputs
and outputs Port A lines are CMOS compatible as outputs
while port B and C lines are CMOS compatible as inputs The
memory map in Figure 4 gives the address of data registers
and DDRs. The Register configuration i1s provided in Figure
16. Figure 17 provides some examples of port connections.

Caution

The corresponding DDRs for ports A, B, and C are
write-only registers (registers at $004, $005, and $006)
A read operation on these regssters is undetined Since
BSET and BCLR are read-modify-write functions they

PORT DATA REGISTER
7 Q

I ]

Port A Addr = $000
Port B Addr =001

Port C Addr=$002 (Bits 0-3)

cannot be used to set or clear a single DDR bt {all
“unaffected” bits would be set) It is recommended
that all DDR bits 1n a port must be written using a
single-store instruction

The latched output data bit (see Figure 15) may always be
written Therefore, any write to a port writes all of its data
bits even though the port DDR is set to input This may be
used to initiahze the data registers and avord undefined out-
puts; however, care must be exercised when using
read-modify-write instructions since the data read cor-
responds to the pin level if the DDR 1s an input (*'0"') and cor-
responds to the latched output data when the DOR 1s an out-
put {17}

FIGURE 16 — MCU REGISTER CONFIGURATION

PORT DATA DIRECTION REGISTER (DDR)
7 0

L |

(1) Weite Only, reads as all 1s
12) 1= Output, 0=Input Cleared to 0 by Reset
13) Port A Addr= $004

Port B Addr = 005

Port C Addr = $006

ama - - s . Tz o=

TIMER DATA REGISTER (TDR)

LMSB LSB_] s0C8

TIMER CONTROL REGISTER (TCA)

7 6 5 4 3 2

o O B O G

See detail description in TIMER CONTROL REGISTER.

PROGRAMMING CONTROL REGISTER {PCR)
7 32 1 0
l [ [ ] Jscos

See detail description in ON-CHIP PROGRAMMING HARDWARE.

MASK OPTION REGISTER (MOR)
7 6 5 4 3 2 1 0
LI T T T T T 1

See detail description in MASK OPTIONS.

| s7e4
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FIGURE 17 — TYPICAL PORT CONNECTIONS

{a) Qutput Maodes

parl 2 ICMOS Loads) P87 19 VL|0 = HEgoly
PA6| 26 Pael 18
PAS| 25 >
177 ) o K
PA4 ;: < | L Load PB4 16 10 ma
PA3 mA !
PB3 5 2N6386 (Typicall
PA2 ” P82 14
PAl| 20 - PB1| 13
. PAO| 20 PBO| 12 =
-

Port B, 8u 5 Prugrammed as Output, Driving

M
Port A, Bit 7 Programmed as Output. Dnving CMOS Darhngtan-Base Owectly

Loads and Bit 4 Dnwing one TTL Load Diwrectly (using
CMOQOS output option)

+ Vv
+ V
P87 19
PB6 18
PBS 17
PB4| 16 . <
PBI| 15 PC3| N > CMOS
10 mA - Inverters
P 4 PC2 10 >
82 ¥ -~ [\ W MC 14043/ MC 14069
P81 13 PC1 9 > (Typrcal)
peo| 12 " PCo] 8 >
-— 10 mA
e~
Port 8, Bit 0 and Buit 1 Programmed as Output. Dnv- Port C. Bus 0-3 Programmea as Output, Driving
ing LEDs Dwectly CMOS Loads. Using External Pullup Resistors

(b} Input Modes

o e
—»-Do—‘ 27 |pa7 —»—Do— 19 |pa7 . :
. % |Pa6 . 18 |Pe6
: % |Pas . 17 |P8s
: MC74LS04 |
MC74LS04 o 24 |PA4 or . 16 |PB4
1 Typicall : 1 PA3 MC14069 : 15 P83
: (Typicall |
: 2 |pPaz . 14 |pa2
. 21 |pal . 13 [es1
_)._Do_ poann P —»—Do— 12 |r8c
g
TTL Dnwing Part A Directly CMOS or TTL Driving Part 8 Dwectly

MC 14069
(Typecal)
1 pPC3
- 10 PC2
MC74L504 .
{Typucall - 9 PC1
A)._Do— 8 |pco

CMOS and TTL Drniving Port C Owrectly
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TIMER CONTROL REGISTER (TCR) b4, TIE External Enable— Used to enable the external
The configuration of the TCR 1s determined by the logic TIMER pin {7) or to enable the internal clock (if

level of bit 6 (T:mer Opuon, TOPT) in the Mask Option TIN=0) regardless of the external timer pin

Register IMOR} Two configurations of the TCR are shown state (disables gated clock featurel When

below, one for TOPT=1 and the other for TOPT=0 TOPT=1, TIE 1s always a logical 1"

TOPT=1 conhgures the TCR to emulate the MC8805P2 or

MCB805P4. When TPOT =0, 1t provides software control of 1 = Enables external umer pin.

the TCR. When TOPT =1, the prescaler “mask’ options are 0= Disables external timer pin.

user programmable via the MOR A description of each TCR
bit is provided below (also see Figure 7 and TIMER).

TIN-TIE Modes
Timer Control nternal Clock (¢
[TQR[TIMl ! [ ! l ! [ ! I ! [ ! Register $009 0 1 Gated (AND) of External and
Internal Clocks
TCR with MOR TOPT =1 {(MC6805P2/P4 Emulation) 1 0 No Clock
: 1 1 External Clack

b7 b6 bd b4 b3 b2 b1 b0
[ TIR[TIM l TIN l TIE lPSC' PS2 | PS1 [PSO]

Timer Control
Register S009

b3, PSC  Prescaler Clear— This is a write-only bit. It reads
as a logical 0" (when TOPT =0) so the BSET
and BCLR on the TCR function correctly.
« =wnte only, reads as a zero Wnung a 1" into PSC generates a pulse which
clears the prescaler. (When TOPT =1 this bitis
always read as a logical "1"" and has no effect on
the prescaler.)

TCR with MOR TOPT =0 (Software Programmable Timer)

b2, PS2 Prescaler Select— These bits are decoded to

b1, PS1  select one of eight outputs on the tmer

b0, PSO prescaler. The table below shows the prescaler
division resulting from decoding these bits

b7, TIR Timer Interrupt Request— Used to inttiate the
timer interrupt or signal @ timer Data Register
underflow when it is a logical ""1"".

1= Set when the Timer Data Register changes

to all zeros. PS2 PSI PSO Prescaler Division
0= Cleared by external reset, power-on reset,
-- ——— - or under-progranr controt. - -~~~ ——- ~~ - Y M o O — 1 (Bypass Prescaler) -
4] 0 1 2
. 0 1 0 4
b6, TIM Timer Interrupt Mask —Used to inhibit the 0 1 1 8
timer interrupt, to the processor, when it s a 1 0 0 16
logical ""1"". ! 0 1 32
1 1 0 64
1= Set by an external reset, power-on reset, or ! ! ! 128
under program control.
0= Cleared under program control.
b5, TIN External or Internal— Selects the input clock
source to be either the external TIMER pin (7) Note
or the internal ¢2. When changing the PS2-PSO bits in software, the
. PSC bit should be wntten 1o a 1" in the same write
1= Selects the external clock source (event cycle to clear the prescaler Changing the PS bits with-
count mode) out clearing the prescaler may cause an extraneous
0= Selects the :nternal ¢2 (fgsc +4) clock toggle of the Timer Data Register

source

MOTOROLA Semiconductors
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MASK OPTIONS

The MCB8705PS Mask Option Register is implemented in
EPROM. Like ail other EPROM bytes, the MOR contains ali
zeros prior 1o programming.

When used to emulate the MCB805P2 or MCB805P4, five
of the eight MOR bits are used in conjunction with the
prescaler Of the remaining, the b7 bit 1s used to select the
type of oscillator clock, b3 is the secure/non-secure mode
option, and b4 is not used. Bits b0, b1, and b2 determine the
division of the Timer prescaler. Bit b5 determines the Timer
clock source. The value of the TOPT bit (b6) is programmed
to configure the TCR (a logic “'1" for MC6805P2/P4 emula-
tion).

If the MOR Timer Option (TOPT) bitis a 0, bits b5, b4, b2,
b1, and b0 set the initial value of their respective TCR bits
during reset. After initialization the TCR is software con-
trollable.

A description of the MOR buts i1s as follows:

b7 b6 b5 b4 63 b2 bl b0 Mask Option

CLK | TOPT| CLS SNM}{ P2 P1 PO | Regrster $784

b7, CLK Clock Oscilator Type
1=RC
0= Crystal

Note

VIHTP on the TIMER pin (7} forces the crystal maode.

b6, TOPT Timer Option

1= MCE805P2/P4 type timer/ prescaler. All bits,
except 6 and 7, of the Timer-Control
Register (TCR) are invisible to the user. Bits
5, 2, 1, and 0 of the Mask Option Register
determine the equivalent MCB805P2/P4
mask options.

0= All TCR bits are implemented as a Software
Programmable Timer. The state of MOR bits
-5, 4, 2t and-0 sets the inttiak-values of their
respective TCR bits (TCR is then software
contolled affer initialization).

b5, CLS Timer/Prescaler Clock Source
1= External TIMER pin.

0= Internal ¢2

b4, (TIE) Not used if MOR TOPT=1 (MC6805P2/P4
emulation). Sets initial vaiue of TCR TIE if

MOR TOPT =0.

b3, SNM When this bit is set, i.e., programmed to a
1", it is not possible to access the EPROM
contents of the MC68705P5 externally. For
further information see PROGRAMMING

FIRMWARE.

b2, P2 Prescaler Option—the logical levels of these

b1, P1 bits, when decoded, select one of eight outputs

b0, PO on the timer prescaler. The table below shows
the division resuiting from decoding combina-
tions of these three bits.

P2 P1 PO Prescaler Division
0 0 0 1 (Bypass Prescaler)
0 0 1 2

0 1 0 4

o] 1 ! 8

! Q 0 16

1 0 1 32

1 1 0 64

1 1 1 128

Two examples for programming the MOR are discussed
below.

Example 1 To emulate an MCB6805P2 to verify your pro-
gram with an RC oscillator, and an event count
input for the timer with no prescahng, the MOR
would be set to*11111000”" To write the MOR,
1tis simply programmed as any other EPROM
byte

Example 2 Suppose you wish to use the MCB8705P5 pro-
grammable prescaler functions, and you wish
the imtial condition of the prescaler to be divid-
ed by 64, with the input disabled and an internal
clock source. If the clock oscillator was to be in
the crystal mode, the MOR would be set to
00001110,

ON-CHIP PROGRAMMING HARDWARE

The Programming Cantrol Register {PCR) at location $00B
1s an 8-bit register which utilizes the three LSBs (the five
MSBs are set to logic "1s”). This register provides the
necessary control bits to allow programming the MC68705P5
EPROM. The bootstrap program manipulates the PCR when
programming, so that users need not be concerned with the
PCR in most appiications. A description of each bit follows.

-b7 b6---b5 b4 -b3 b2 bl b0 Program

1 1 1 1 1 |vPonN| PGE | FLE | Control
Register $008

@ MOTORO"SLA Semiconductors

|

&
el
-
m

Programming Latch Enable—When cleared this
bit allows the address and data to be latched in-
to the EPROM. When this bit is set, data can be
read from the EPROM.

1={set) read EPROM

O=/(clear) latch address and data into
. EPROM (read disabled)
PLE is set during a Reset, but may be cleared
any time. However, its effect on the EPROM 1s
inhibited if VPON is a logic *“1”.

Program Enable—When cleared, PGE enables
programming of the EPROM. PGE can only be
cleared if PLE is cleared. PGE must be set when
changing the address and data; i.e., setting up
the byte to be programmed.

1= (set} inhibit EPROM programming

0= (clear) enable EPROM programming {if

PLE is low!




PGE I1s set duning a Reset, however, 1t has no
effect on EPROM circuits f VPON s a logic
oy

b2, VPON (Vpp ON) —VPON is a read-only bit and when at
a logic "0 1t indicates that a ""high voltage” I1s
present at the Vpp pin
1=no ""high voltage’’ on Vpp pin
0="high voltage” on Vpp pin
VPON being '1”" "disconnects’” PGE and PLE
from the rest of the chip, preventing accidental
cleaning of these bits from effecting the normal
operating mode

Note
VPON being "'0’* does not indicate that the Vpp
level 1s correct for programming. Its used as a
safety interlock for the user in the normal
operating mode.
The Programming Control Register functions are shown
below:

VPON | PGE | PLE Programming Conditions

0 0 0 |Programming made (program EPROM byte)

1 0 0 |PGE and PLE disabled trom system

0 1 0 |Programming disabled (latch address and
data in EPROM)

i 1 0 |PGE and PLE disabled trom system

0 0 1 |invahd state; PGE=0ff PLE=0

1 0 1 |Invahd state, PGE=0 1t PLE=0

0 1 1 |"High voltage” on Vpp

1 1 1 |PGE and PLE disabled from system
{Operaung Mode)

ERASING THE EPROM

The MCB8705P5 EPROM can be erased by exposure to
high-intensity uitraviolet (UV) light with a wavelength of
2537 A. The recommended integrated dose (UV intensity x
exposure time) is a 25 Ws/cm2. The lamps should be used
without shortwave filters and the MCB8705P5 should be
positioned about one inch fram the UV tubes. Ultravialet

- erasure clears-alt bits of the MCE68705P5 EPROM to the 0"
state. Data 1s then entered by programming ““1s” into the
desired bit locations.

Caution

Be sure that the EPROM window is shielded from hight

except when erasing. This protects both the EPROM

and hght-sensitive nodes.

PROGRAMMING FIRMWARE

The MC68705P5 has 115 bytes of mask ROM containing a
bootstrap program which can be used to program the
MC68705P5 EPROM. The vector at addresses $7F6 and $7F7
is used to start executing the program. This vector is fetched
when ViHTp is applied to pin 7 (TIMER pin) of the
MC68705P5 and the RESET pin is allowed to rise above
VIRES + - Figure 18 provides a schematic diagram of a circuit
and a summary of programming steps which can be used to
program the EPROM in the MCB8705PS.

Note that the MCB8705P5 will not execute the bootstrap
program when in the secure mode. Therefore, the on-chip
EPROM must be completely erased before programming. To
enter the secure mode, bit 3 of the mask option register must
be programmed to a logic one and memory locations $782
and $783 must be programmed with $20 and $FE respective-

o - MOTOROLA Semiconductors

ly After programming, the only way to revert the non-secure
mode s by erasing the entire EPROM

PROGRAMMING STEPS

The MCM2716 UV EPROM must hirst be programmed with
an exact duphcate of the informauon that s to be transterred
to the MCB8705P5 Non-EPROM addresses are ignored by
the bootstrap Since the MCB8705P5 and the MCM2716 are
to be inserted and removed from the circuit they should be
mounted in sockets In addition, the precaution below must
be observed [refer to Figure 18)

Caution
Be sure S1 and S2 are closed and Ve and + 26 V are
not applied when inserting the MCE8705P5 and
MCM2716 into therr respective sockets This ensures
that RESET 1s held low while inserting the devices

When ready to program the MCB8705P5 it 1s only
necessary to provide Vg and +26 V, open switch S2 (to
apply Vpp and Vi1 Tp), and then open S1 (to remove Reset)
Once the voltages are applied and both S2 and S1 are open,
the CLEAR output control line {PB4) goes high and then low,
then the 11-bit counter {MC140408) s clocked by the PB3
output {COUNT) The counter selects the MCM2716 EPROM
byte which I1s to load the equivalent MC68705P5 EPROM
byte selected by the bootstrap program. Once the EPROM
location is loaded, COUNT clocks the counter to the next
EPROM location This continues untl the MCB8705P5 1s
completely programmed at which time the Programmed in-
dicator LED 1s it. The counter 1s cleared and the loop s
repeated to verify the programmed data. The Venfied in-
dicator LED hghts if the programming I1s correct

Once the MCB8705P% has been programmed and verified,
close switch S2 {to remove Vpp and ViHTP) and close
switch S1 (to Reset). Disconnect +26 V and V¢, then
remove the MCB8705P5 from its socket.

MC6805P2 AND MC6805P4 EMULATION

The MCB8705P5 emulates the MCB805P2 and MC8805P4

_ _exactly,”” MCB805P2/P4 mask features are implemented In

the Mask Option Register (MOR) EPROM byte on the

MCE8705PS. There are a few minor exceptions to the exact-
ness of emulation with are listed below:

1. The MCB805P2 “future ROM’ area is implemented in
the MC68705P5 and these 704 bytes must be left un-
programmed to accurately simulate the MC6805P2/P4.
{The MCB805P2/P4 reads all *'0s” from this area.)

2. The reserved ROM areas in the MCB805P2/P4 and
MC68705P5 have different data stored in them and this
data is subject to change without notice The
MCB805P2 uses the reserved ROM for the self-check
feature and the MCB8705P5 uses this area for the
bootstrap program.

3. The MCB805P2 reads all "’1s” in its 48 byte "future
RAM” area. This RAM is not implemented in the
MCEB805P2 mask ROM version, but is implemented in
the MC68705P5 and MCB8705P3.

4. The Vpp line (pin 6) in the MCB8705P5 must be tied to
Ve for normal operation. In the MCB805P2, pin 6 is
the NUM pin and is grounded in normal operation. The
MCE805P4 uses pin 6 for Vgg which is normaily tied to
Ve, as with the MCB8705PS. .

5. The function in the Non-User Mode is not 1dentical to
the MCB805P2/ P4 version. Therefore, the MCE8705P5

17

§ e
Il




_MC68705P5

FIGURE 18 — PROGRAMMING CONNECTIONS SCHEMATIC DIAGRAM
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Summary of Programming Steps:

1. When plugging in the MCBB705PS or the MCM2716, be sure that S1 and S2 are closed and that Ve and +26 V are not applied.

2. To initiate programming, be sure S1 is closed; S2 is closed; and Vcc and +26 V are applied. Then open S2, followed by S1.
3. Before removing the MCEB706PS, first close S2 and then close S1. Disconnect V¢ and +26 V; then remove the MCE8705PS.

FIGURE 19 — BIT MANIPULATION EXAMPLE

MCU
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Serial Clock 0
Dewce | ! ?
Data : OA
CONT

MOTOROLA Semiconductors

18

BRSET 2, PORTA, SELF
BSET 1, PORTA
BRCLR 0, PORTA, CONT
BCLR 1, PORTA

ROR  RAMLOC

-

Hln R =




MC68705P5

_ADDRESSING MODES . _

does not function in the MEX6805 Support System. In
normal operation, all pin functions are the same as on
the MCE805P2/ P4 version, except for pin 6 as previous-
ly noted.
6. The MCB805P4 provides a standby RAM feature which
iS not available on the MCE8705P5
The operation of all other circuitry has been exactly
duplicated or designed to functon exactly the same in both
devices including Interrupts, Timer, Data Ports, and Data
Drirection Registers (DDRs) A stated design goal has been to
provide the user with a safe inexpensive way to venfy his
program and system design before commitung to a factory
programmed ROM

SOFTWARE
BIT MANIPULATION

The MC88705P5 MCU has the ability to set or clear any
single random-access memory or input/output bit (except
the Data Direction Register, see Caution under INPUT/OUT-
PUT), with a single instruction (BSET, BCLR). Any bitin the
page zero memory can be tested, using the BRSET and
BRCLR instructions and the program branches as a result of
its state. The Carry bit equals the value of the bit referenced
by BRSET and BRCLR. A Rotate instruction may then be
used to accumulate serial input data in 3 RAM location or
register. This capability to work with any bit in RAM, ROM,
or 1/0 allows the user to have individual flags in RAM or to
handle I/Q bits as control lines. The coding example In
Figure 19 illustrates the usefulness of the bit manipulation
and test instructions. Assume that the MCU is to communi-
cate with an external serial device. The external device has a
data ready signal, a data ocutput line, and a clock line to clock
data one bit at a time, LS8 first, out of the device. The MCU
waits untl the data is ready, clocks the external device, picks
up the data in the Carry flag {C-bit), clears the clock line, and
finally accumulates the data bit in a RAM location.

The MCB88705P5 MCU has 10 addressing modes which are
explained briefly in the following paragraphs. For additional
detais and graphical ilustrations, refer to the M6805 Family
Users Manual.

The term “effective address’ (EA) is used in describing the
addressing modes. EA s defined as the address from which
the argument for an instruction is fetched or stored.

IMMEDIATE - In the immediate addressing mode, the
operand is contained In the byte immediately following the
opcode. The immediate addressing mode is used to access
constants which do not change during program execution
(e.g., a constant used to nitialize a loop counter).

DIRECT — In the direct addressing mode, the effective ad-
dress of the argument is contained in a single byte following
the opcode byte. Direct addressing allows the user to direct-
ly address the lowest 256 bytes in memory with a single
2-byte instruction. This address area includes all on-chip
RAM, 1/0 registers, and 128 bytes of EPROM. Direct ad-
dressing 1s an effective use of both memory and ume.

EXTENDED — In the extended addressing made, the ef-
fective address of the argument s contained in the two bytes

following the opcode Instructions using extended address-
ing are capable of referencing arguments anywhere in
memory with a single 3-byte instruction When using the
Motorola assembler, the programmer need not specify
whether an instruction uses direct or extended addressing
The assembler automaticaily selects the shortest form of the

instruction.

RELATIVE — The relative addressing made is only used in
branch instructions. In relative addressing, the contents of
the 8-bit signed byte following the opcode (the offset) 1s add-
ed to the PC, if and only if, the branch condition is true
Otherwise, control proceeds to the next instruction. The
span of relative addressing 1s from — 126 to + 129 from the
opcode address. The programmer need not worry about
calculating the correct offset when using the Motorola
assembler, since 1t calculates the proper offset and checks to
see if 1t1s within the span of the branch

INDEXED, NO OFFSET — In the indexed. no offset
addressing made, the effective address of the argument 1s
contained in the 8-bit index register. Thus, this addressing
mode can access the first 256 memory locations. These in-
structions are only one byte long. This mode i1s often used to
maove a pointer through a table or to hold the address of a
frequently referenced RAM or I/0 location

INDEXED, 8-BIT OFFSET — In the indexed, 8-tbit offset
addressing mode, the effective address is the sum of the
contents of the unsigned 8-bit index register and unsigned
byte following the opcode. This addressing mode is useful in
selecting the kth element in an n element table. With this
2-byte instruction, k would typically be in X with the address
of the beginning of the table in the instruction. As such,
tables may begin anywhere within the first 256 addressable
locations and could extend as tar as location 510 {$1FE is the
last location at which the instruction may begin}.

INDEXED, 16-BIT OFFSET — In the indexed, 16-bit offset
addressing mode. the effective address is the sum of the
contents of the unsigned 8-bit index register and the two un-
signed bytes following the opcode. This address mode can
be used in a3 manner similar to indexed, 8-bit offset, except
that this 3-byte instruction allows tables to be anywhere in
memory As with Direct and Extended addressing, the
Motarola assembler determines the shortest form of indexed
addressing.

BIT SET/CLEAR — In the bit set/clear addressing mode,
the bit to be set or cleared is part of the opcode and the byte
following the opcode specifies the direct address of the byte
in which the specified bit 1s to be set or cleared. Thus, any
read/write bit in the first 256 locations of memory, including
1/Q, can be selectively set or cleared with a single 2-byte in-
struction. See Caution under the INPUT/QUTPUT.

BIT TEST AND BRANCH — The bit test and branch
addressing mode is a combination of direct addressing and
relative addressing. The bit which 1s to be tested and the

* condition (set or clear) 1s included in the opcode, and the
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address of the byte to be tested 1s in the single byte im-
mediately following the opcode byte The signed relative
8-bit offset is in the third byte and 1s added to the value of the
PC. if the branch condition is true. This single 3-byte instruc-
tion allows the program to branch based on the condition of
any readable bit in the first 256 locations of memory The
span of branching 1s from —125 to + 130 from the opcode
address. The state of the tested bit is also transferred to the
Carry bit of the Condition Code Register See Caution under
INPUT/QUTPUT.

INHERENT — In the inherent addressing mode, all the in-
formation necessary to execute the instruction i1s contained
in the opcode. Operations specifying only the index register
or accumulator, as well as control instruction with no other
arguments, are included in this mode These instructions are
one byte long.

INSTRUCTION SET

The MCB8705P5 MPU has a set of 59 basic instructions,
which when combined with the 10 address modes produce
207 usable opcodes They can be divided into five different
types: register/memory, read-modify-write, branch, bit
manipulation, and control. The following paragraphs briefly
explain each type. All the instructions within a given type are
presented in individual tables.

REGISTER/MEMORY INSTRUCTIONS — Most of these
instructions use two operands. One operand 1s either the ac-
cumulator or the index register. The other operand 1s obtain-
ed from memory using one of the addressing modes. The

@ MOTOROLA Semiconductors
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jump unconditional {JMP) and jump to subroutine {JSR) In-
structions have no register operands Refer to Table 1

READ-MQOIFY-WRITE INSTRUCTIONS — These in-
structions read a3 memory location or a register, modify or
test its contents, and wrnite the modified value back to
memary or to the register (see Caution under INPUT/QUT-
PUT). The test for negative or zero {TST) instruction Is in-
cluded in the read-modify-write instructions, though it does
not perform the write. Refer to Table 2.

BRANCH INSTRUCTIONS — The branch instructions
cause a branch from the program when a certain condition 1s
met. Refer to Table 3

BIT MANIPULATION INSTRUCTIONS — These instruc-
tons are used on any bitin the first 256 bytes of the memory
(see Caution under INPUT/OQUTPUT). One group either sets
or clears. The other group performs the bit and test branch
operations. Refer to Table 4.

CONTROL INSTRUCTIONS - The control instructions

control the MCU operations dunng program execution.
Refer to Table 5.

ALPHABETICAL LISTING — The complete instruction set
is given in alphabetical order in Table 6.

OPCODE MAP SUMMARY - Table 7 is an opcode map
for the instructions used on the MCU.
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TABLE 1 — REGISTER/MEMORY INSTRUCTIONS

Addressing Modes
Indesed indexed indexed
immediate Direct Extended {No Oftset} (8 Bit Otfser) {16 Bit Oftser)
Op » ] Cp E] » Op » 1] Op F] F] Op » a opP » »
Functian Mnemonic| Codel Bytes| Cycies | Code{Bytes| Cycles | Code{Bytes | Cycles | Code|Bytes| Cycles | Code|Bytes | Cycles | Code |Bytes | Cyclas

Load A Irom Memory L0A A6 2 ? A6 2 a c6 3 S F6 l 4 3 2 5 06 3 6

Load X Irom Memory LOX AE 2 2 8E 2 4 CE 3 S FE 1 a EE 2 5 [e13 3 6

Store A 1n Memory STA 87 ? k] c? 3 6 F7 1 S €7 2 (] 07 3 7

Store X 1n Memaoary STX Bf 2 [} (%3 3 6 FF 1 S EF 2 6 Of 3 7

Add Memory 10 A ADO AB 2 7 88 2 a cB 3 5 F8 1 a EB 2 B [o]:] 3 6
Add Memary and

Carry 10 A ADC A9 2 2 89 2 4 Cc9 k] S F9 1 4 £9 2 5 09 3 6
Subiract Memury sus AQ 2 2 80 2 o 3 5 FO ! EQ 2 5 00 3 [
Subtract Memaory trom

A wiin Borrow S8C A2 2 2 82 2 L] 2 3 5 F2 1 4 £2 2 ) 02 3 6
AND Memory 10 A AND A4 2 2 84 2 4 Ca 3 5 Fa 1 a E4 2 5 D4 3 6
Q8 Memary with A ORA AA 2 2 BA 2 4 (A 3 5 FA 1 4 EA 2 5 OA 3 6
Exclusive OR Memury

with A EQR A8 2 2 B8 2 a cg 3 5 F8 1 4 E8 2 S 08 3 [
Anthmetc Compare A

with Memory cCMP At 2 Z gt 2 4 (o8] 3 9 [ ! 4 £t 2 5 o1 3 ]
Arithmenc Compare X

wiih Memory CPX A3 2 2 83 2 4 3 3 5 FJ 1 4 €3 2 5 03 3 [}
Bt Test Memory with N S B . ~ .

A |Logical Compare) 104 AS 2 2 3% 2 4 cs 3 5 £5 1 4 ES 2 5 05 3 6
Jump Uncondiional IJMP 8C 2 3 cC 3 4 FC 1 K] EC Z 4 0ocC 5
Jump to Subroutine JSR 80 2 7 (s} 3 8 FO 1 7 ED 2 8 [o]s] 3 9

TABLE 2 — READ-MQOOIFY-WRITE INSTRUCTION
Addressing Modes
Indexed Indexed
inherent {A) Inherent {X) Direct (No Qtfset) {8 Bit Offset)
Op " " Op B ] Op ) B Op ] 4 Op 4 ]
Function Mnemonic | Code|Bytes| Cycles| Code|Bytes| Cycles|Code|Bytes| Cycles | CodejBytes | Cycles | Code|Bytes| Cycles
In¢rement INC ac 1 4 5C 1 4 3C 2 6 7C 1 6 6C 2 7
Decrement DEC 4A 1 4 SA 1 4 3A 2 6 7A 1 6 6A 2 7
Clear CLR 4F 1 4 5F 1 4 3F 2 <) 7F 1 ] 6F 2 7
Complement CcCOM 43 1 4 53 1 4 33 2 8 73 1 6 63 2 7
Neg .- — L R N I [ N
{2 s Compiement) NEG 40 1 4 50 1 4 30 2 6 70 1 6 60 2 7
Aotate Left Thru Carry ROL 49 1 4 59 H 4 39 2 6 79 1 6 69 2 7
Rotate Right Thru Carry ROR 46 1 4 56 1 4 36 2 [} 76 1 6 66 2 7
Logical Shitt Leh LSL 48 1 4 58 1 4 38 2 6 78 1 6 68 2 7

Logical Shift Right LSR 44 1 4 54 1 4 34 2 8 74 1 6 64 2 7

Arnthmetic Shift Rignt ASR 47 1 4 57 1 4 37 2 [ 77 1 6 67 2 7

Test tor Negauve

or Zero TST 40 1 4 50 1 4 30 2 6 70 1 6 [-1o] 2 7
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TABLE 3 — BRANCH INSTRUCTIONS

Relstive Addressing Mode
Function Mnemonic | 9P By'm Cy:‘u
Branch Always BRA 20 2 4
Branch Never BAN 21 2 4
Branch IFF Higher BHI 2 2 4
Branch IFF Lower or Same BLS 23 2 4
Branch IFF Carry Clear 8CC 24 2 4
{Branch IFF Higher or Same) (BHS) 24 2 4
- Branch IFF Carry Set BCS 25 2 4
{Branch IFF Lower) {(8LQ) o] 2 4
Branch {FF Not Equal BNE | 26 2 4
Branch IFF Equal BEQ 27 2 4
Branch IFF Halt Carry Clear BHCC 28 2 4
Branch IFF Half Carry Set BHCS 29 2 4
Branch {FF Plus 8PL 2A 2 4
Branch IFF Minus . BMI 28 2 4
Branch IFF Interrupt Mask Bit is Clear 8MC 2C 2 4
Branch {FF interrupt Mask B8it 1s Set BMS 20 2 4
8ranch IFF Interrupt Line 1s Low BIL 26 2 4
Branch IFF Interrupt Line is High 8iH 2F 2 4
Branch to Subrouune BSR AD 2 8

TABLE 4 — BIT MANIPULATION INSTRUCTIONS

Addressing Modes
Bit Set/Clear Bit Test and Branch
. . O ] + t
Function Mnemonic Cozo Bytes Cycles cgz. Bytes Cy:lu
R Branch IFF Bit nis set{BRSET nin = 0. ..7) - - - 2en 3 10
"~ |Branch IFF B n s Geer [BACLR n In = 0.. 7) - o ot Zem 3 |- 10 SRS o
Set 81t n 8SETnin = 0. .7} 10+ 2en 2 7 - - -
Clear Bit n *IBCLRnin=0.. 7 11+ 2en 2 7 - - -
TABLE 5 — CONTROL INSTRUCTIONS
Inherent
Function Mnemonic Coo:¢ By‘:u cv‘l*.
Transfer A to X TAX 97 1 2
Transter X 10 A TXA SF 1 2
Set Carry 8it SEC 99 1 2
Clear Carry Bit CcLC 98 1 2
Set Interrupt Mask Bit SEl 98 1 2
Clear Interrupt Mask Bit cu 9A 1 2
Software Interrupt Swi a3 1 11
Return trom Subroutine RTS 81 1 6
Return from Interrupt RTI 80 1 9
Reset Stack Painter RSP 9C 1 2
No-Operanon NOP 90 1 2

MOTORCL?Q Semiéonductars
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TABLE 6 —~ INSTRUCTION SET
Addressing Modes Condition Codes
Bit Bit
Indexed | indexed |indexed| Set/ | Test &
Mnemonic | Inherent| immediate | Direct |Extended| Relative | (No Offset) | (8 Bits) |(18 Bits)| Clear | Branch | H| | I N[ Z{ C
ADC X X X X X X AJ*lA|A]A
ADD X X X X X X Aj*lAlAlA
AND X X X X X X o lelAlA|"
ASL X X X sle[AlA|A
ASR X X X X sl AlAlA
8CC X ejelelele
BCLR X eje|eje|e
8CS X elele|oie
BEQ X ejelole]e
BHCC X efeole|ele
BHCS X ejo|le|e]e
BHI X o |o|e|efe
BHS X e |ojeleje
B8iH X ejloeleiofe
8IL X e|e|ole]e
8IT X X X X X X e ol AlA]l e
8LO X e |e|lo]e]e
BLS X L] [ 2 - L ] L]
BMC X o [s|o]ele
BM! X o |oloje]e
BMS X L 3 L] * L] L]
BNE x * L] L L ] [ ]
BPL X L] L] L ] L] *
BRA X ele[ofele
BAN X ejoleofe]|e
BRCLR X sjeleojoe A
BRSET X e lelefol|A
——t— —~ |'BSET - —_— - - c—t-— X " T efelolelel -~ """
BSR X eloeje|ele
CLC X . eje|e]elD
Ccul X . elo|e
CLR X X X X el |01 ]e
CMP X X X X X X e lelAlA}A
COM X X X X elelAlAl
CPX X X X X X X o |elALA]A
Condition Code Symbols
H Haif Carry (From Bit 3)
) Interrupt Mask
N Negatve (Sign Bit)
y4 Zero
(o} Carry/Borrow
A Test and Set if True, Cleared Otherwise
. Not Affected
? Load CC Register From Stack
1 Set
Q Clear
MOTOROLA Semiconductors
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TABLE 6 — INSTRUCTION SET (CONTINUED)

Addressing Modes Condition Codes
Bit Bit
Indexed Indexed | indexed | Set/ | Test &
Mnemonic |Inherent | Immediate | Direct |Extended| Relative | {No Offset) [ (8 Bits) |(16 Bits)| Clear | Branch | H | I IN[{Z|C
DEC X X X X e ijeslAlAle
EQOR X X X X X X o e AjA]|"
INC X X X X s lefAJA|"
JMP X X X X X ejs|efe]e
JSR X X , X X X ejolefel]e
-| LOA X X X X X X e jesilAjA|"
LDX X X X X X X e |e AlA|.
LSL X X X X s e AA(A
LSR X X X X e lelQlA|A
NEG X X X X s 1o i A|A]A
NOP X o lo|o]e]e
ORA X X X X X X o |elAlA|"
ROL X X X X s ielA|AA
RSP X o lejeje]e
RTI X 2120212
RTS X L ] L] L ] L] L]
SBC X X X X X X e (el AJAA
SEC X ejoloiel]
SEI X e jllje|e|e
STA X X X X X elelAlA}e
STX X X X X X e (el AlA|
sus X X X X X X o le|AJA|A
Swi X e |ljoe]|eloe
TAX x L ) * L] L L]
TST X X X X elelAlAle
TXA X o |oejo|o]e

Condition Code Symbols

O~ ~veb>ANZ~I

Half Carry {From Bit 3)

Interrupt Mask

Negatve (Sign Bit}

Zero

Carry/ Borrow

Test and Set if True, Cleared Otherwise
Not Affected

Load CC Register From Stack

Set

Clear

MOTORO‘:A Semiconductors
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PACKAGE DIMENSIONS

28 s L SUFFIX
CERAMIC PACKAGE
CASE 719
D 8
MILLIMETERS INCHES
. —L pim| MIN [ Max [ min | max
o == 14 A 1352073592 [ 1386 1.414
] B | 1473 | 1534 | 0.580 | 0.604
A——— 3 C | 318 508]0.125] 0.200
D [ 0338 053] 0015 0021
F [ 076 1.40] 0030 0.055
G 2.54 BSC 0.100 BSC
H | 0676 1.78 0030 0.070
J 0.20 | 0.30 ] 0.008 | 0012
] K | 254 | 457 | 0700/ 0180
- __t% L [ 1499 [ 1549 [ 0.530 { 0610
\ ‘-{ M -5 100 - 0100
T N[ o051 15270020] 0060
Ny
orle Lcarme”
G F SEATING
PLANE
L NOTES:
1. LEAOS, TRUE POSITIONED WITHIN
—————————y 0.25 mm (0.010) DIAMETER (AT
SEATING PLANE) AT MAXIMUM
- I T e __MATERIALCONDMITMON__ . _ -
. 2. DIMENSION “L” TO CENTER OF
. ol LEADS WHEN FORMED PARALLEL.
Jw o
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