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Absolute Maximum Rating

Storage Temperature Range:
Active Temperature Range:
Supply Voltage:

Input or Dutput Voltage Applied:

Electrical Chaéacteristica

Specified Temperature Range
Specified Voltage Range
Test Conditions

Symbol Parameter Min.
v High level 0% v
IH MOS input ok
v = Low level
MOS input
v High level 2.2
IHT TTL input
v Low level
ILT  o7L input
I Input leakage -10.0
I current except
TEST inputs
(note 1)}
I Input current 0.1
ILL TEST inputs
{note 1)
IGH Output current -2.0
at high level
I
o Output current 2.0

at low level

APPENDIX A
DC CHARACTERISTICS

=65 C to +150 C
=55 C to +125 C
+7 .0V

Vss =-0.3V

Vee +0.3V

0C to +70 C

+4.75V to +5,25V
Temperature = +70 C
Vss = (W
Vice = +4.75V (except as noted)
Max. Units Test Condition
v

30% N v

v
0.8 v
10.0 R
5.0 mA VI = 0V
m 'U"C. - Vﬂc e
TR vo . D-dv

0.4v



Symbol

IO'HT

CCSBE

l. Tested at Vgcc =

FParameter

Output current
at high TTL
level

High level
sustainer
current
(note 1)

Low level
sustainer
current
{note 1)

Output leakage
current
(notes 1,2}

Static power
supply current
(notes 1,3)

Input
capacitance
(note 4)

Input/output
capacitance
(note 4)

Cutput
capacitance
(note 4)

DCJ11 capacitance

plus external
capacitance

5.25V,

Min.
=2.0

0.2

=10.0

NOTES

Max.

0.6

10.0

30

15

1]

50

Units

uh

pE

pF

PF

pF

2. Only applies in the high impedance condition.

3. With TEST]1 and TESTZ2 asserted,
circuit, and all other inputs egqgual to Vecc.

4. Sampled and guaranteed, but not tested.

apply to TEST1 or TESTZ.

all

outputs open

Does not

Test Condition

Yin = 2.4V

Vo Vee ~

Vg™ 1.0v
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SIGNAL SUMMARY

TYPE
TTL INPUT

TTL OUTPUT

MOS IKRPOT
MOS COUTPUT
TTL I/0

TTL I/0

Power

NAME

TRO<3:0=>, mr ﬁr
EVENT, PARITY, DV,
MIS5, CONT, DHR,
INIT, FPE

DAL<21:16>, AIO<3:0>,
ALE, BUFCTL, SCTL,
STRE, BS<1:0>, MAP,
PRDC

TEST1, TEST2
CLK, CLK2
RBORT*
DAL<15:00>

Veeo

APPLICABLE DC TEST

Viar » Vopr ¢+ Ig

I

oL * Topr + Toz

Vene Voo r Typp
Ionr Ton o Tog
Viere Top v Toprr Ty v Togy
Viare Virr e Tonr Toprr gy

I cese

* ABORT must be driven with an open collector driver because the
DCJ11 has a pull-up device that supplies IDSH‘
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Figure A-1 Voltage Waveforms
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Test Conditions:

Temperature = +70 C
Vss = 0V
Ve = +4.75V
CMAX = 50 pF
Timing Reguirements
Symbol Parameter Min Max
t INITH INIT pulse width 10
;o Initialization 225
SCTLLE | terval
t ps DAL<15:00> setup, 35
with respect to
T3
t DAL<15:00> hold, 20
DH )
with respect to
T3
t DAL<15:00> setup, 35
e with respect to
DV
t DAL<15:00> hold, 35
DVDE  ,ith respect to
Dv
tDVW DV Pulse width 35
tDvF DV Fall time 15
t DVH DV deassertion 0
with respect to
T6.
t DVS DV deassertion 0
with respect to
T4.
: b
s MISS setup 30
tHMH MISS hold 10
t IRQ<3:0>, HALT 20
SVCs = ’
PWRF, FPE,
EVENT setup
(see note)
B-1

APPENDIX B
AC CHARACTERISTICS

(except as noted)

Units

clock
periods

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns

ns



Symbol Parameter Min Max Units

t IRQ<3:0>, HALT, 20 ns
SVCH  PwrF, FPE,
EVENT hold
(see note)
t PARITY setup 20 ns
A (see note)
- PARITY hold 20 ns
o (see note)
... ; ¥
t ABS ABORT drive 30 ns
t 28D ABORT delay ] ns
t ABW ABORT width 40 + tCLKH ns
= CONT setup 30 ns
CNTS (see note)
t CONT hold 20 : ns
ENTe (see note)
t DMR setup 30 ns
DMRS [see note)
t DMR hold 20 : ns
DHRE fsee note)
Hote:

Setup and hold requirements are only to guarantee recognition at
next sample point.

Timing Responses

Figure
Symbol Parameter Min Max Units References
tCYCLE CLE cycle time 67 ns B-1, B-4
tCLKH CLE high width 28 ns BE-1, B-4
tCLKL CLK low width 28 ns B-1, B-4
te CLK rise time ol ns B-1, B-4
tF CLE fall time 7 ns B-1, B-4
tPCYC CLK2 cycle time 67 ns B-1, B-3
t PCLKH CLE2 high width 2%_2 ; ns B-1, B-3



Symbol

Y peLEL
t pr

PF
MAPD
SD
ts1p

DIS
DALD

DALH

PID

t aTop

PCLED

Parameter - Min
CLK2 low width 28
CLE2 rise time

CLK2 fall time

CLE2 valid delay

MAP delay

Strobe active o
delay

Strobe” inactive 0
delay

DAL output disable

DAL valid delay

DAL wvalid hold 0
PRDC valid delay

PRDC invalid
delay

ATO<3:0> delay

e

Max

ths
45

35
65

50
50

75

Units
ns
ns
ns
ns
ns

ns

ns

ns
ns
ns
ns

ns

ns

Figure
References

B-1, B-3
B-1, B-3
B=1, B-3.
BE=-1, B=3
B-1, B-3

B=3

B-3

B=2
B=-3
B-3
B-3

B-3

B=3

CLEZ

b tecixn I-r-—— reYe ——-—-{

h_4

Figure B-1 Clock Timing

r*—'FCLKL

BoLKH

LT, )]
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APPENDIX D
INSTRUCTION TIMING

The execution time for an instruction depends on: (1) the type of
instruction executed, (2) the the mode of addressing used, and [(3)
the type of memory being referenced, In general, the total
execution time is the sum of the base instruction fetch/execute
time plus the operand(s) address calculation/fetch time.

The tables in this appendix can be used to calculate the length of
an instruction in terms of microcycles (MC). In the first group
of tables, the first column specifies the number of microcycles
required to fetch/execute the base instruction. The R/W column
specifies how many of these microcycles are read microcycles and
how many are write microcycles (any remaining microcycles are
NIO). If the instruction involves the calculation/fetch of one or
more operands, a reference to a separate table (a source or
destination table) is made in the last column(s) . The
source/destination tables reveal how many microcycles the
source/destination calculation/fetch takes and also specifies how
many of these are read or write microcycles (again, any remaining
microcycles are NIO).

The numbers in the tables are based on the assumption that a
memory read must last a minimum of four CLK periods, a memory
write must last a minimum of eight CLK periods, and an NIO lasts
four CLK periods (no DMa) . Any wait states caused by slower
memory or a DMA transfer must be added to the total instruction
time. If wait states are required, the first wait state of a
non-stretched read or NIO cycle will last four clock periods, and
can continue in increments of two clock periods. Further wait
states for stretched cycles occur in increments of two clock
periods.

Floating-point instruction execution times are given as a range.
The actual execution time will vary depending on the type of data

being operated on.

R B L e
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Here are two examples of how to use the tables:

Example 1:
How long does a MOV RO,@§2044 instruction last?

Step l: From the tables, the execution time for the MOV base
instruction is found to be 1 microcycle (MC), or four
CLE periods. This consists of one read and no write
microcycles. Depending upon the type of memory in the
system, the microcycle may be stretched. If so, the
microecycle lasts at least eight CLK periods and may be
stretched thereafter in increments of two CLK periods.

Step 2: To find the operand calculation/fetch time for the
source operand (R0), refer to Table 51. From Table
81, it is seen that a mode 0 register 0 calculate/fetch
takes 0 microcycles. WNote that the operand is already
available to the DCJ11l (in the register file).

Step 3: To find the operand calculation/fetch time:for the
destination operand (the contents of memory location
2044), refer to Table D3. From Table D3, it is seen
that a mode 3 register 7 calculate/fetch takes 3 :
microcycles, one of which is a read microcycle and
one of which is a write microcycle. MWNote that the
remaining microcycle is an NIO microcycle. Once
again, the type of memory in the system must be taken
into account, If the read cycle is stretched, the:
stretched cycle lasts at least eight CLK periods and
may be stretched thereafter in increments of two CLK
periods. The write microcycle lasts at least eight
CLK periods and may be stretched in increments of two

CLEK periods.

Step 4: For a determination of the minimum time reguired, total
up the microcycles. In this example, It is 1 + 0 + 3,
or 4 microcycles (which is 16 CLK periods if no microcycle

stretching occurs}.

Example 2:

The source and destination tables for floating point instructions
show a negative number in the MC column for certain mode 2
register 7 operations. This example shows a timing calculation

for one of these.
How long does an CLRD #2000 instruction last?

Step l: The base instruction time for the CLRD instruction is
14 microcycles.



From Table F2, the calculation/fetch time for the
operand (a mode 2 register 7 reference) is shown as

(=1). This means that one microcycle should be subtracted
from the base instruction time. However, add one microcycle
for the memory write operation. There are no memory read

cycles to account for.

Step 2:

Step 3: Total up the microcycles: 14 - 1 + 1 = 14 microcycles
minimum (assumes no cycle stretching).



SINGLE OPERAND

Mnemonic Instruction

General

CLR (B) Clear

coM(B) Complement (1's)

INC (B) Increment

DEC(B) Decrement

NEG (B) Negate (2's complement)
TST(B) Test

Rotate and Shift
RCR (B) Rotate ri‘ght
ROL (B} Rotate left

ASR(B) Arithmetic shift right
SWrB Swap bytes

Multiple-Precision

hDC (B) Add carry

SBC (B) Subtract carry
BXT Sign extend
Multiprocessing

TSTSET  Test and set

{low bit interlocked)
WRTLCK Write interlocked

DOUBLE OPERAND

pnemonic Instruction
General

MOV (B) Move
OP(B)  Compare

ADD Add
SUB Subtract
Logical

BIT(B) Bit test (AND)
BIC(B) Bit clear
BIS(B) Bit set (OR)

Execution
M. R/
1 1/0
1 1/0
1l 1/0
1l 1/0
1l 1/0
1 1/0
1 1/0
1 1/0
1l 1/0
1l 1/0
ik 1/0
1 1/0
1 1/0
5 171
4 1A
Execution
MC B
1 1/0
1 1/0
2 1/0
1 1/0
1 1/0
1 1/0
1 - 1/0

Source
Table

L1 o o 58 8

TIMING

Source
Table

51
5l
51
sl

51
5l

51

Dest
Table

D3
D4

D4

D4

Did
D4
D4

D4
D4
D3

D4

Dest
Table

D3
D2
D4
D4

D2
D4



Register
MUL Multiply 22 1/0

-— D1 (MHotes 5,11)
DIV Divide 34 1/0 — D1 (Notes 6,7,12)
ASH Shift automatically 4 1M - D1
ASHC Arith shift combined 5 1/0 — D1 (Mote 13)
XOR Exclusive (OR) 1 10 — D4
BRANCH TIMING
Branch Branch
Not Taken Taken
Mnemonic Instruction MZ RMW MZ RMW
Branches
BR Branch (unceonditional) 2 1A 2/0
ENE Br if not equal (to 0) 2 1/0 4 2/0
BED Br if equal (to 0) - RO T | (o | 2/0
BFL Br if plus 2 1/0 4 2/0
BMI Br if minus 2 1/0 4 2/0
BVC Br if overflow is clear 2 1/0 4 2/0
BVS Br if overflow is set 2 1/0 4 2/0
BCC Br if carry is clear ) 1/0 4 2/0
BCS Br if carry is set 2 1/0 -4 2/0
Signed Conditicnal Branches
BGE Br if greater or equal (to 0) 2 1/0 4 2/0
ELT Br if less than (0) ; 2 1/0 4 2/0
BGT Br if greater than (0) . 1/0 4 2/0
BLE Br if less or equal (to 0) 2 1/0 4 2/C
. Branch Branch
Mot Taken Taken
Mnemonic Instruction MC RMW MC RW
Unsigned Conditional Branches
BHI Branch if higher 2 1/6 4 2/0
BLOS Branch if lower or same 2 1/0 4 2/0
BHIS Branch if higher or same 2 1/0 4 2/0
BLO Branch if lower 2 1/0 4 2/0
so8 Subtract 1 and branch 3 1/0 5 2/0
(if ¥ 0) :
JUME and SUBROUTIME TIMING
Execution
Mnemonic Instruction MC R/W  DST Table
JMP Jump _— - D5
JSR Jump to subroutine _— - D6 (Note 4)
RTS Return from subroutine 5 3/0 =  [Hote 14)
MARK Stack cleanup 10 3/0



TRAP and INTERRUPT

Executicn
Mnemonic Instructicn : MC RW
EMT Emulator trap 20 4.2
TRAP Trap 20 4/2
BPT Breakpoint trap 20 4/2
10T Input/output trap 20 472
RTI Return from interrupt 9 4/0
RTT Return from interrupt 9 4/0
COMDITION CODE OPERATORS TIMING
: Execution
Mnemonic Instruction MC R
CLC Clear C 3 1/0
CcLV Clear V 3 1,/0
CLZ Clear 2 3 1/0
CLN Clear N 3 1/0
ccc Clear all CC bits 3 1,/0
SEC Set C 3 1,/0
SEV Set V 3 1,/0
SEZ Set Z 3
SEN Set N 3 1,/0
SCC Set all CC bits 1 1/0
MISCELLANECUS TIMING
Execution
Mnemonic Instruction R/W
HALT Halt =
WAIT Wait for interrupt -
RESET Reset external bus -
HOP (No operation) 3 1/0
SPL Set priority level to N 7 1/0
MFPI Move from previous instr space [ 1/1
MTP1 Move to previous instr space 3 2/0
MFED Move from previous data space 5 147 :
MTFD Move to previous data space 3 2/0
MTFS Move byte to PSW PS € (svc) B 1/0
MFPS Move byte from PSW (dst) < PS <7:0> 1 1/0
MEPT Move from processor (R0<7:0><proc code 32 1/0
c=M Call to supervisor mode 28 3/3

TIMING .
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FLOATING POINT

Mnemonic Instruction

ABSD
RBSF
ADDD
ADDF
CFCC
CLRD
CLRF
CMED
OMPF
DIVD
DIVF
LDCDF
LICFD
LDCID
LDCIF
LDCLD
LDCLF
LoD
LDEXP
LDF
LLEPS
MODD
MCDF
MULD
MULF
WEGD
HEGE
SETD
SETF
SET1
SETL
STCDF
STCDI
STCDL
STCFD
STCFI
ETCFL
STD
STECP
STF
STEFD
STST
SUBD
SUBF
TSTD
TSTF

Make Absolute

Make Absoclute

Add

Add

Copy Fleoating Conditien Codes

Clear

‘Clear

Ld& C fronD to F

Id & C fram F to D

& C Integer to D
& C Integer tc F

d & C Long Integer to D
& C Long Integer to F

Load Exponent

Load FPP Program Status
Multiply and Separate
Integer and Fractieon
Multiply

Multiply

Negate

Negate

Set Floating Double Mode
Set Floating Mode

Set Integef Mode

Set Long Integer Mode

St & C fromD to F

St & C from D to Integer
St & C from D to Long Integer
St £ C from F to D

St & C from F to Integer
St & C from F to Long Integer
Steore

Store Exponent

Store

Store FPP Program Status
Store FPP Status
Subtract

Subtract

Test

Test

TIMING

Executien (MC)
Typ Max

Min

23
19
41
3l
5
14
12
24
18
160
59
24
20
31
26
31
26
16
17
12
G
202
B2
165
56
22
18
6
6
6
6
17
26
26
19
23
23
12
16
B
9
7
47
37
11
9

8
35

217

94

55
41

24
20
119
102
5
14
12
25
19
167
63
26
21
42
36
52
44
17
18
13
6
268
115
173
61
23

122
104
12
10

Hon

Mode 0
Table

Fl
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SOURCE AND DESTINATION TABLES:

Table 51 Source Address Time:

Table D1

Table D2

All Double Operand

: Read
Source Source Microcode Memory
Mode Register Cycles Cycles
D 0-7 0 0
1 0-7 2 1
2 0-6 2 1
2 7 1 1
3 . 0=6 4 2
3 1 3 2
4 . 0-6 3 1
4 7 6 2 (Note 1)
5 0-6 5 2
5 7 8 3 (Note 1)
6 0-7 4 2
7 0-7 6 3

Destination Address Time:

Read Only Single Operand

Read

Destination Destination Microeode Memory
Mode Register Cycles Cycles

0 0-7 0 1]

1 0-7 2 1

2 0-6 2 1

2 7 1 1

3 0-6 4 2

3 7 3 2

4 0-6 3 1

4 7 7 2 (Note 2)
5 0-6 5 2

5 7 9 3 (Note 3)
6 0=-7 4 2

7 0=7 6 3

Destination Address Time: Read Only Double Operand
Read

Destination Destination Microcode Memory
Mode Register Cycles Cycles

0 0=7 0 0

1 0-7 3 1

2 0-6 3 1

2 7 2 1

3 0-6 5 2

3 7 4 2

4 0-6- 4 1

4 7 8 2 (Note 2)
] 0-6 6 2

5 7 10 3 (Note 3)
[ 0-7 5 2

7 0-7 7 st |



Table D3  Destination Address Time: Write Only

Destination Destination Microcode Memory Cycles

Mode Register Cycles Read Write
0 0-6 0 0 0
0 7 5 1 0
il 0-6 2 0 1
1 7 6 1 1
2 0-6 2 o 1
2 7 6 1 1
3 0-6 4 1 1
3 7 3 1 1
4 0=-6 3 0 1
i 7 : 7 1 1
5 0-6 5 1 1
B 7 9 2 1
6 0-7 4 1 1
7 0-7 6 2 1

Table D4 Destination Address Time: Read Modify Write

Destination Destination Microcode Memory Cycles

Mode Register Cycles Read Write

0 0-6 0 0 0

0 7 5 1 0

1 0-6 3 p 1

b | 7 7 2 1

2 0-6 3 1 1

2 7 7 2 1

3 0-6 5 2 1

3 7 4 2 1

4 0-6 A 1 1

4 7 8 2 1l (Note 2)
5 0-6 6 2 1

- 7 10 3 1l (Note 3)
6 0-7 5 2 1

7 0=-7 7 3 1

Takle DS Destination Address Time: JMp

Destination Destination Microcode Memory Cycles

Mode Register Cycles Read Write
1 0-7 4 2 1]
2 0-7 6 2 0
3 0-7 5 3 0
4 0-7 5 2 0
5 0-7 6 3 0
6 0-6 6 3 0
6 7 5 3 0
7 0-7 T 4 0



Table D6 Dgstinatiun Address " Time: JSR

Destination Destination Microcode Memory Cycles

Mode Register Cycles Read Write
1 0=7 9 2 1
2 0=7 10 2 1
3 0-6 10 L 1
3 7 9 3 1
4 B 10 2 1
5 0-7 11 3 3l
6 0-6 10 3 1
6 7 9 3 1
7 0-7 12 4 1

Table F1l Floating Source Modes 1-7
Single Precision

Microcode Memory Memory

Mode Register Cycles Read Write
1 0-7 3 2 0
2 0-6 3 2 0
2 7 1 15 0
3 0-6 4 3 0
3 7 3 3 0
4 0-7 4 2 0
5 0-7 5 3 0
6 0-7 4 3 0
7 0=2 6 4 0

Double Precision

Microcode Memory  Memory

Mode  Register Cycles Read Write
L 0=-7 5 4 0
2 0-6 5 4 0
2 7 0 (Note 15) 1 0
3 0-6 6 5 0
3 7 ] 5 0
4 0-7 6 4 0
5 0-=-7 7 5 0
6 0=7 6 5 0
7 0-7 8 6 1]
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Table F2 Flﬁatinq Destination Modes 1-7
Single Precisi&n

Microcode ' Memory Memory

Mode Register Cycles Read Write
1 0-7 3 0 2
2 0-6 3 0 2
2 7 1 4] 1
3 0-6 4 1 L
3 7 3 1 2
4 0=-7 4 o 2
S -7 5 1 2
6 0-7 4 1 2
7 0-7- - 6 2 2

Double Precision

Microcode Memory Memory

Mode Register Cycles Read Write
1 0-7 5 0 4
2 0-6 5 0 4
2 7 (~1) (Hote 15) O 1
3 0-6 6 1 4
3 7 - 1 &
4 0-7 6 0 4
5 0= 7 1 4
6 0-7 6 1 4
7 0=-7 8 2 4

Table F3 Floating Read Modify Write Modes 1-7
Single Precision

Microcode HMemory Memory

Mode  Register Cycles Read Write
1 0-7 5 2 2
2 0=6 a 2 2
2 7 1l (Note 15) 1 1
3 0-6 6 3 2
3 7 5 3 2
4 0-7 6 2 2
5 0-7 7 3 2
6 0-7 6 3 2
7 0=-7 8 4 2
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Table F3 Floating Read Modify Write Modes 1-7

Double Precision

Microcode Memory Memory

Mode Register Cycles Read Write
1 0-7 9 4 4
2 0-6 9 4 4
2 7 {(=2) (Hote 15) ] 1
3 0-6 10 5 4
3 7 9 5 4
4 0-7 10 4 4
5 0-7 11 5 4
6 0-7 10 5 4
7 0-7 . 12 6 4

Table F4 Integer Socurce Modes 1-7

Integer
Microcode Memory Memory
Mode Register Cycles Read Write
1 D=7 2 1 0
2 0-6 2 1 0
27 7 0 (Rote 15) 1 0
3 0-6 3 2 0
3 7 2 2 0
I 0=7 3 1 o
5 0-7 4 2 0
B 0-7 3 p 0
7 0-7 5 3 0
Long Integer
Microcode Memory Memory
Mode Register Cycles Read Write
1 0-7 4 2 0
2 0-6 4 2 0
2 7 0 (Hote 15) 1 0
3 0-6 5 3 ]
3 7 4 3 0
i 0-7 5 2 0
5 0-7 6 3 0
6 0-7 5 3 0
7 Q=7 7 4 0

D-12



Table F5 1Integer Destination Modes 1-7

Integer

: : Microcode  Memory  Memory
Mode Register Cycles Read . Write
1 0=7 2 0 1
2 0-6 2 0 1
2 7 2 0 1
3 0-6 3 1 1
3 7 2 1 1
4 0-7 3 0 1
5 0=7 4 1 1
6 0-7 3 1 1
7 0-7 5 2 1

Long Integer

Microcode Memory Memory

Mode Register Cycles Read Write
1 0-7 4 0 2
2 0-6€ 4 o 2
2 7 2 0 1
3 0-6 5 1 2
3 7 4 1 2
4 0-7 5 0 2
5 0-7 6 | 2
6 0-7 5 1 2
7 0-7 7 2 2

D-13
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5.
E-

11.
12.
13,
14.

15.

HOTES

Subtract 2 microcycles (MC) and one read if both source and
destination modes autodecrement PC, or if WRITE-ONLY or

READ=MODIFY-WRITE mode 07 or 17 is used.

READ-ONLY and READ-MODIFY-WRITE destination mode 47

references actually perform 3 READ operations. For book-
keeping purposes, one of the READs is accounted for in the

EXECUTE, FETCH TIMING.

READ-ONLY and READ-MODIFY-WRITE destination mode 57
references actually perform 4 READ operations. For book-
keeping purposes, one of the READs is accounted for in the
EXECUTE, FETCHING TIMING.

Subtract 1 MC if the link register is PC.
Add 1 MC if the source operand is negative.
Subtract 1 MC if the source mode is not zero.
Add 1 MC if the quotient is even.

Add 2 MC if overflow occurs. 3
Add 5 MC and 1 read if the PC is used as a destination

register, but only if source mode 47 or 57 is not used.
Add 1 MC per shift.

Add 1 MC if source aéerand <15:6> is not zero.
Subtract 1 MC if one shift only.

Add 4 MC and 1 read if the PC 1is used as a destination
register, but only if source mode 47 or 57 is not used.

Divide by zero executes in 5 MC (see note 6).

Timing for no shift., Add 1 MC if a left shift. (Notes 8, 9,
11 apply.) Add 2 MC for a right shift. (Notes 8, 10, 11

apply.)
Add one MC if a register other than R7 is used,

Mode 27 references only access single word operands. The
execution time listed has been compensated in order to
accurately compute the total execution time.

D-14
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Part No. : 32 958 044
Related doc: 2

Z8530 SCC Serlul

Communications
Confroller
Zil o Product
o g Specification
Seplember 1583
Features 8 Two independent, 0 lo 1M bit'second, full- ® Synchronous mode with inlernal or external
duplex channels, each with a separcle character synchronization on one or lwo
erystal oscillator, baud rate generator, ang synchronous characiers and CRC ganera-
Digital Phase-Locked Loop lor clock tion and checking with CRC-16 or
recovery. CRC-CCITT presel to aeither 1s or 0=
B Multi-proiocol operalion under program B SDLC/HDLC mode with comprehensive
control: programmable for NRZ, NRZI, or frame-leve] control, automalic zerc inser.on
FM data encoding. and deletion, I-fisld resicdue handling, abort
® Asynchronous mode with five lo eight bits generation and detection, CRC generation
and one, one and one-hall, er two stop bits and checking, and SDLC Loop mode
per character; programmable clock factor; operation.
. break detection and genevation: narity; B Local Loopback and Auto Echo modes.
- overrun, and framing error delection. 5
General The Z8530 SCC Serial Communications widle variely of sorial communications applica-
Description  Controller is a dual-channel, muli-protocal tionz. The device contains a variety of new,
data communicalions peripheral designed for sophisticated internal functions including
use with convenlional non-mulliplexed buses, on-chip baud rate generators, Digital Phasa-
The SCC funclions as a serial-to-parallel, Locked Loops, and crystal cscillators that
parallel-to-serlal converter/controller. The dramatically rc:u:luce the nead for external
SCC can be software-configured to satisly a logic.
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“ ‘General - The SCC handles asynchronous formats,
-Description  Synchronous byte-oriented protocols such as
2t (Continued) _ JBM Bisync, and Synchronous bit-ariented pro-
PR TR . tocols such as HDLC and 1BM SDLC. This ver-
75 - gatile device supports virtually any serial data
it . " transler applicalion (casselle, diskette, tape
L R LT +o -drives, ete.). TR s
wer . .7 The device can generate and check CRC. .

codes in any Synchronous e and can be

programmed to check data integrity in various

modes. The SCC also has facilities for

mindem controls in bath channels. In appli-

" cations where these controls are not needed,

the modem conirels can be used for

_ general-purpose 1O, !

The Z-Bus dalsy-chain interrup! hierarchy is

.also supported—as is standard for Zilog

peripheral components.
‘The 28530 SCC is packaged in a 40-pin

" ceramic DIP and uses a single +5 V power
. supply.

The fallowing section describes the pin
_ functions of the SCC. Figures 1 and 2 defail
v the respective pin funclions and pin

ff P LA .- '_-.::Pl_.n :
i Description

_=i il H oo assignments. 2! v
i) " ASB. Channel A/Channel B Select (input).
-‘ ‘This signal selects the channel in which the
g read or write operallon occurs. ©
(' : i ‘. CE. Chip Enable (input, active Low). This
i eignal selects the SCC for a read or write
b SimaT ok CTSA. CTSB. Clear To Send (inpuls, aclive
L Low). If these pins are programmed as Auto
Enables, s Low on the inputs enables the
respective transmitters. Ii not programmed as
R gt - Auto Enables, they may be used as general-
o - -purpose inputs. Both inputs are Schmill-trigger
... bulfered to accommodate slow rise-time inputs.
Ll . The SCC datacts pulses on these inpuls and
£ ot S can interrupt the CPU en both logic level
! 0 o transilions.
i D/C. Dala/Contrel Sefect (input). This signal
A et b . defines the type of information transferred to
it ‘ .. . or from the SCC. A High means dala is
£7; 7 * . " trapsterred; a Low indicaies a command.
iww ws . DCDK. DCDB. Dot Carrier Delect (inputs,
T <o %P melive Low). These ping function as receiver
s enables if they are programmed for Auto
Enables: otherwise they may be used as
. - general-purpose input pins, Both pins are

e woa b
. . ! Schmitt-trigger buffered to sccomodate slow
v . ... ... msetime signals. The SCC detects pulses on
e i T these pins and can interrupt the CFU on both
B ol o apemme d s e JogG lewal fransitions. ; '
¥ gy . e Dg-Dy. Dota Bus (bidirectional, 3-state). These

7. lines carry data and commands to and from

e . -tha SCC. - Sl R . e

“v. 5. DTR/REQA, DTR/REQB. Doto Terminal -
. ;. Regdy/Request (outputs, active Low). These

1 oulputs follow the state programmed inle the

“i DTR bit. They can also be used as general-
L% i purpese outputs or as Request lines for a DMA

s 2y v- contreller: g el

“ ¢ [EL: Interrupt Enable In (input, active High).

.o« chain when there is more than ene interrupt-

gther higher pricrity device has an interrupt
under gervice or ls reguesting an interrupt.

" 1EC. Inferrupt Enable Out (output, active
- High). 1EQ is High only if 1EI s High and the

CPU is net servicing an SCC interrupt or the

. SCC is not requesting an interrupt (Interrupt
- Kcknowledge cycle ealy). 1EQ is connected to

the next lower pricrity device's 1EI input and
thus inhibils interrupls from lower priority
devicas.

INT. Interrupt Request (output, open-drain,
active Low). This signal is activated when the
SCC requests an interrupt. |

INTECE. [nterrupt Acknowledge (input, active
Low). This signal indicales an active Interrupt
Acknowledge cycle. During this cycle, the
SCC interrupt daisy chain settles. When HD
hecomes active, the SCC places an interrupt
vector on the data bus (if 1EI is High).

. INTACE is latched by the rising edge

of PCLE.

PCLE. Clock {input). This is the master SCC
clock used to synchronize internal signals
PCLK Iz a TTL level signal.

RD. Reod (input, aclive Low). This signal imedi-
cales a read operation and when the SCC is
selecied, enables the SCC's bus drivers. Dur-
ing the Interrupt Acknowledge cycle, this
signal gates the interrupt vector enlo the bus
il the SCC is the highest priority device
requesting an interrupt. :

RxDA, RxDB. Receive Dofo (inputs, aclive
High). These input signals receive serial data
at standard TTL levels.

RTxCA, RT=CB. Receive/Transmil Clocks
{inputs, active Low), These pins can be pro-
grammed in several different modes of opera-
tion. In each channel, ATxC may supply the
receive clock, the transmit cleck, the clock for
the baud rate generalor, or the clock for the
Digital Phase-Locked Loop. These pins can

. also be programmed fer use with the respec-
. tive STNC pins as a crystal cscillator. The

rpeceive clock may be 1, 16, 32, or 64 times the
data rate in Asynchronous modes.

"* RTSA, RTSB. Request To Send (outputs,
1EI iz used with IEO o form an interrupt daisy . active ]..::m'! When the Request To S (RTS)
# 97 diven davice. A High IEI indicates that nio’ ¢ 1:¢- bit in Write Register 5 (Figure 11} is set. the

HTS signal goes Low. When the RTS bit is

" peset in the Asynchronous mode and Aulo
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Pin
Description
[(Continued)

Enable i= on, the slgnal goes High afier the
transmiller is empty. In Synchronous mode or
in Asynchronous mode with Auto Enable off,
the RTS pin sirictly follows the state of the RTS
bit. Both pins can be used as general-purpose
outpuls,

EYNCA, SYNCE. Synchronization {inpuls or
outputs, aclive Low). These pins can act either
as inpuls, oulputs, or part of the crystal
cscillalor circuil. In the Asynchronocus Receive
mode (crystal escillater option not selected),
these pins are inputs similar to C15 and

In this mode, transilions on these lines ailect
the state of the SynchronousHunt status bits in
Road Register 0 (Figure 10) but have no other
funclion.

In External Synchronization mede with the
exystal oscillator not selected, these lines also
act as inputs. In this mede, SYNC must be
driven Low two receive clock cycles after the
Bast bit in the synchronous character is
received. Character assembly begins on the
rising edge of the receive clock immediately
preceding the aclivation of STNC.

In the Internal Synchronizallon mode
(Monosyne and Bisyne) with the crystal
oscillalor ot selected, these pins act as out-
puts and are aclive only during the part of the
receive clock cyele in which synchronous
characlors are recognized. The synchronous

dnterpreted as a reset.

condilion is not latched, so these cutputs are
active each time a synchronization pattern is
recognized (regardless of character bound-
aries). In SDLC mode, thess pins act as
oulpuls and are valid on receipt of a flag.

TxDA, TxDB. Tronsmit Dota (outputs, active

- High). These oufpul signals transmit serial data

at standard TTL levels.

TRxCA. TRxCB. Transmit/Receive Clocks
(inpuls or oulpuls, aclive Low). Thess pins can
be programmed in several different modes of
oparalion. TRxC may supply the receive clock
or the fransmit cleck in the input mode or sup-
ply the output of the Digilal Phase-Locked
Loop, the crystal oscillator, the baud rate
generalor, or the transmit clock in the culpul
mode.

WR. Write (input, aclive Low). When the 5CC

is selecled, this signal indicates a write
operation. The coincidence of AD and WH is

35 OESSI

W/REQA, W/REQE. Wait/Reqgues! (oulpuls,
cpen-drain when programumed fer 8 Wail func-
ticn, driven High or Low when programmed
for a Request funclion). These dual-purpose
ocutputs may be programmed as Request lines
for a DMA controller or as Wait lines to syn-
chronize the CPU to the SCC data rae. The
reset slale is Wait.

Functional
Description

The lunctional capabilities of the SCC

can be described from two diflerent poinls

of view: a=s a dala communications device,

it transmit= and receives data in a wide
wariety of data communicaticns protocols; as a
milcroprocessor peripheral, the SCC offers
waluable {eatures such as vectored interrupts,
polling, and simple handshake capability.

P=la Communications Capablilities. The
SOC provides two independent full-duplex
channels programmable lor use in any com-
mon Asynchronous or Synchronous data-
communication protocol. Figure 3 and the

l'l"

following description bricfly detail thesa
protocols.

Asynchronous Modes. Tranasmission and
reception can be accomplished independently
on each channel with five to eight bits per
character, plus optional even or edd parity.
The transmitters can supply one, one-and-a-
half, or two stop bils per character and can
provide a break output at any time. The
receiver break-detection logic interrupts the
CPU both at the start and at the end of a
received break. Receplion is protected from
spikes by a transient spike-rejection

ELYHEHRONOUS
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Figure 3. Some SCC Frotecols
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Functional
Description
(Centinued)

mechaniam that checks the signal one-half a
bit time alter a Low level is detected on the
receive data input (RxDA or BxDB in

Figure 1). Ii the Low does not persist (as in the
case of a transient), the character assembly
process does nol slart.

Framing errors and overrun errors are
detected and buffered together with the partial
character on which they occur. Vectored inter-
rupts allow fast servicing or error conditions
using dedicated routines. Furthermore, a
built-in checking process avoids the interpreta-
tion of a framing error as a new starl bit: a
framing error resulis In the addition of ene-hall
a bit time to the point at which the ssarch for
the next slart bit begins.

The SCC does not require symmelric
transmit and receive clock signals—a feature
allowing use of the wide variely of clock
sources. The transmiller and receiver can
handle data at a rate of 1, 1/16, 1/32, or 1/64
of the clock rate supplied fo the receive and
fransmit clock inputs. In Asynchronous modes,
the SYNC pin may be programmed as an input
used for functions such as monitoring a ring
indicator.

Synchronous Modes., The SCC supports both
byle-orienied and bit-oriented synchronous
communication. Synchronous byle-oriented
profocols can be handled in several modes,
allowing character synchronization with a 6-bit

! or B-bit synchronous character (Monosync),

any 12-bit synchrenization pattern (Bisync), or
with an external synchronous signal. Leading
sync characlers can be removed without inter-
rupting the CPL.

Five- or 7-bit synchronous characters are
delected with 8- or 16-bit patterns in the SCC
by overlapping the larger patlern across mulli-
ple incoming synchronous characters as shown
in Figure 4. : .

CRC checking for Synchronous byle-
oriented modes is delayed by one character
time so thal the CPU may disable CRC check-
ing on specilic characters. This permits the
implementation of protocels such as
1IBM Bisyne.

Both CRC-16 (X16 + XI5 + X2 4+ 1) and
CCITT (X186 + X12 + X% + 1) error checking
polynomials are supported. Either polynomial
may be selected in all Synchronous modes.
Users may preset the CRC generator and
checker 1o all 1s or all 0s. The SCC also pro-
vides a feature that autcmatically transmits
CRC data when no other data is available for

5 ETS
——

transmission. This allows for high speed
fransmissions under DMA contral, with no
necd for CPU intervention at the end of a
message. When there is no data or CRC to
send in Synchronous modes, the transmitter
inserts 6-, 8-, or 16-bit synchronous
characters, regardless of the programmed
character length.

The SCC supports Synchronous bit-oriented

rolocols, such as SDLC and HDLC, by per-
orming automatic flag sending, zere insertton,
and CRC generalion. A spacial command can
be used to aborl a frame in transmission. Al
the end of & message, the SCC automatically
transmits the CRC and trailing flag when the
fransmiller underruns. The transmitter may
also be programmed o send an idle line con-
sisting of conlinucus flag characters or a
steady marking condition. ;

If & transmit underrun eccurs in the middle
of a meszage, an external/status interrupt
warns the CPU of this status change so that an
abort may be issued. The SCC may also be
pruqramm&d to send an abort itsel] in case of
an underrun, relieving the CPU of this 1ask.
One 1o eight bits per character can be sent,
allowing reception of a message with no prior
information about the characler structure in
the informalion field of a frame.

The recelver automatically acquires syn-
chronization on the leading flag of a frame in
SDLC or HDLC and ides a synchroniza-
tion signal on the SYNC pin (an interrupt can
alse be programmed). The receiver can be
programmed o search for frames addressed by
a single byte (or four bits within a byte) of a
user-selected address or to a global broadcast
address. In this mode, frames not matching
eithar the user.selecled or broadcast address
are ignored. The number of address bytes can
be exlended under software conirol, For
receiving data, an interrup! en the first
recelved character, or an interrupt on every
character, or on special condition only (end-
of-frame) can be sslected. The receiver
automatically deletes all Oz inserted by the
transmitler during character assembly. CRC is
also calculated and is automatically checked to
validate frame tranemission. At the end of
transmission, the status of a received frame is
available in the status registers. In SDLC
mode, the SCC must be programmed o use
the SDLC CRC polynomial, but the generator
and checker may be preset to all 1s or all Os.

[ e | oo | wowc | owsa | oama | pama | pum |

[———
- ] -

e

-

Figure 4. Detecting 5- or 7-Bit Synchronows Choracters
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Functional
Description
(Continued)

The CRC is inverted before transmission and
the receiver checks against the bit pattern
0001110100001111.

MRZ, NRZI er FM coding may be used in any
1x mede. The parity options available in Asyn-
chronous mades are available in Synchronous
modes.

The SCC can be conveniently used under
DMA control to provide high speed reception
ar iransmission. In reception, fer example, the
SCC can interrupt the CPU when the first
character of & message is received. The CFU
then enables the DMA to transfer the message
to memory. The SCC then issues an end-of-
frame interrupt and the CPU can check the
slatus of the received message. Thus, the CFU
iz [read for other service while the message is
being recelved. The CPU may also enable the
DMA first and have the SCC interrupt enly en
end-of-frame. This procedure allows all data to
be transferred via the DMA.

SDLC Loop Mede. The SCC supperts SDLC
Loop mode in addition to normal SDLC. In an
SDLC Loop, there is a primary controller
station thal manages the message tralfic flow
on the loop and any number of secondary
stations. In SDLC Leop mode, the SCC per-
forms the functions of a secondary station

- while an SCC operaling in regular SDLC

mode can acl as a controller (Figure 3).

A secondary station in an SDLC Loop i
always listening to the messages being sant
around the loop, and In fact must pass these
messages to the rest of the loop by relrans-
mitting them with a one-bit-time delay. The
pacondary station can place ils own mossage
on the loop only at specifie times. The con-
troller signals that secondary stations may
transmit messages by sending a special
character, called an EOP (End Of Poll),

arcund the loop. The EOP characler is the bit |

pattern 11111110, Because of zero insertion
during messages, this bit pattern is unique and
easily recognized. :

When a secondary stalion has a message to
transmit and recognizes an EOP on the line, it

changes the last binary | of the EOP toa 0
before transmission. This has the effect of turn- -
ing the EOP into a flag sequence. The socon-
dary station now places its message on the loop
and terminates the message with an EOP. Any
secondary stalions further dewn the loop with
messages lo transmit can then append their
messages to the message of the first secondary
station by the same process. Any secondary
slations withoul messages 1o send merely echo
the incoming messages and are prohibited
from placing messages on the leop (excapt
upon recognizing an EOF).

SDLC Loop mode Is a programmable optien
in the 5CC. NRZ, NRZI, and FM coding may
all be used in SDLC Loop mode.

Boud Rate Generator. Each channel in the
SCC containg a programmabla baud rate
generator. Each generetor consists of two 8-bit
time constant registers that form a 16-bit time
constant, a 16-bit down counter, and a (lip-flop
on the cutput producing a square wave. On
startup, the {lip-flop on the cutput is set in a
High slate, the value in the lime constant
register is loaded into the counter, and the
counter slarts counting down. The sulput of
the baud rate generator toggles upon reaching
0, the value in the time constant register is
loaded into the counter, and the process is
repeatad. The time constant may be changed
al any lime, but the new value does not take
eifact until the next load of the counter.

The oulpul of the baud rate gencralor may
be used as either the transmit clock, the
receive clock, or both. It can also drive the
Digital Phase-Locked Loop (see next section).

If the receive clock or transmit clock is not
programmed to come from the TRxC pin, the
cutput of the baud rate generator may be
echoed cut via the THxC pin.

The following formula relates the time con-
stant 1o the baud rate (the baud rate is in
bits/second and the BR elock peried is in
seconds):

1
2 (ke cormtand + 2) x  (BR clock period)

baud rate =

Digital Phase-Locked Loop. The SCC con-
taing a Digital Phase-Locked:-Loop (DPLL) to
racover clock information from a data stream
with NRZI or FM encoding. The DPLL is driven
by a cleck that s nominally 32 (NRZI) or 16
(FM) times the data raie. The DPLL uses this
cleck, along with the data stream, to construct
a clock for the data. This clock may then be
used as the SCC receive cleck, the transmit
clock, or bath.

For NRZI encoding, the DPLL counts the 32x
clock to create nominal bit times. As the 32x
clock is counted, the DPLL is searching the

2016001
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Functional
Description
(Cenlinued)

incoming data stream for edges (either |1 1o 0
or 0 to 1). Whenever an edge is detected, the
DPLL makes a count adjustment (during the
next counting cycle), producing a terminal
count closer to the center of the bit cell.

For FM encoding, the DPLL siill counts from
0 to 31, but with a cycle corresponding lo two
bit times. When the DPLL is locked, the cleck
edges in the data stream should occur between
counts 15 and 16 and between counts 3] and
0. Tha DPLL locks for edges only during a
tima centered on the 15 to 16 counling
transilion.

The 32x elock for the DPLL ean be pro-
grammed to come from either the RTxC input
or the cutput of the baud raile generator. The
DPLL cutput may be programmed to be
echoed out of the SCC via the TRxC pin (if
this pin is not being used as an input).

Data Encoding. The SCC may be pro-
grammed lo encode and decode the serial data
in four different ways (Figure 6). In NRZ
encoding, a 1 is represented by a High level
and a 0 is represented by a Low level. In NRZI
encoding, a 1 is represenied by no change in
level and a 0 is represented by a change in
leval. In FM1 (more properly, bi-phase mark},
a transilion occurs at the beginning of every
bit cell. A 1 is represented by an additional

- {ransition at the center of the bil cell and a 0 Is

represented by no additional transition at the
center of the bit cell. In FMO (bi-phase space),
a transition occurs at the beginning of every
bit cell. A 0 is represented by an additional
transition at the center of the bit cell, and a 1
ie reprezented by no additional transition at
the center of the bit cell. In addition to thess
four methods, the SCC can be uszed o decode
Manchester (bi-phase lavel) data by using the
DPLL in the FM mode and programming the
receiver for NRZ data. Manchester encoding
always preduces & transition al the conter of
the bit cell. If the transition is 0 to 1, the bit i
a 0. If the transition is 1 to 0, the kit isa 1.

DATA 1’ ] ]

el

A \

Auto Echo and Local Loopback. The SCC is
capable of automatically echoing everything it
receives. This feature is useful mainly in
Asynchronous modes, but works in Syn-
chrenous and SDLC modes as well. In Auto
Echo mode, TxD is ExD. Aute Echo mode can
be used with NRZIl or FM enceding with no
additional delay, becauss the data stream is
not decoded belriejelmnsndnalm. In Auto
Echo mode, the CT5 input is tanored as a
fransmitter enable (although Iransitions on this
input can still cause interrupts if programmed
to do so). In this mode, the transmitter is
actually bypassed and the programmer is
rasponsible for disabling transmitter interrupts
and WAIT/REQUEST on transmit.

The 5CC is also capable of local loopback.
In this mode TxD 1a RxD, just as in Auto Eche
mode. However, in Local Loopback mode, the
internal transmil data is tied to the internal
receive data and RxD is ignored (except to be
echoed out via TxD). The CTS and DCD
inpuls are also ignored as transmit and receive
enables. However, transitions on thess inpuls
can still cause interrupts. Local Loopback
works in Asynchronouws, Synchronous and
SDLC modes with NRZ, NRZI or FM coding of
the data siream.

/O Interface Capabllities. The SCC olfers
the cholce of Polling, Interrupt (vectored or
nonvectored), and Block Transfer modes to
transfer data, status, and control information to
and from tha CPU. The Block Transfer mode
can be implemented under CPU or DMA
control.

Pelling. All interrupts are disabled. Three
status registers in the SCC are automatically
updated whenever any function is performad.
For example, end-ol-frame in SDLC modea
sets a bit in one of thesa slabus registers. The
fdea behind polling is for the CPU 1o
pericdically read a status register until the
register contents indicate the need lor data o
ba transferred. Only one register needs 1o be
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Functional
Description
(Continued)

read; depending on its contents, tha CPU
either writes data, reads data, or continues.
Two bits in the register indicate the need for
data fransfer. An alternative is a poll of the
Interrupt Pending register to daetermine the
source of an interrupt, The status lor both
channels resides in cne register.

Interrupts. When an SCC responds to an
Interrupt Acknowledge signal (INTACE) from
the CPU, an interrupt vector may be placed on
the data bus. This vector is written in WR2 and
may be read in RR2A or HHEB (Figures 10
and 11).

To speed Interrupt response time, the SCC
can modily thres bilts in this vector to indicate
status. If the weclor Is read In Channel A,
status is nover Included; if it Is read in
Channal B, status iz always included.

Each of the six sources of Interrupts in the
SCC (Transmit, Receive, and External/Status
Interrupts in both channels) has three bits
azsociated with the interrupt source: Interrupt
Pending (IP), Interrupt Under Service (IUS}),
and Interrupt Enable (IE). Operation of the [E
bit is straightforward. If the 1E bit is sel for a
given inlerrupt source, then that source can
request interrupts. The exception iz when the
MIE {Master Interrupt Enable) bit in WHS is
reset and no interrupts may be requested. The
IE bits are write only.

The other two bits are related to the Inter-

" rupt pricrity chain (Flgure 7). fs a

microprocessor peripheral, the SCC may
request an interrunt only when no higher
priocity device is requesting one, e.g., when
IE] i= High. lIf the device In guestion requests
en {nterrupt, i_ﬁ_Tls down INT. The CPU then
responds with TNTACE, and the interrupling
device places the vector on the data bus.

In the SCC, the IP bit signals a need for
interrupt servicing. When an [P bit is 1 and
the IEI input is High, the INT cutput is pulled
Low, requesting an interrupt. In the SCC, if
the IE bit is not set by enabling interrupts,
then the IP for thal source can never be sat.
The IP bils are readable in RR3A.

The: JUS bits signal that an interrupt request
s being serviced. If an IUS is set, all interrupt
sourcas of lower priority In the SCC and

external to the SCC are prevented from
requesting interrupts. The internal interrupt
sources are inhibited by the state of the inter-
nal dalsy chain, while lower priorilty devices
are inhibited by the IEO cutput of the SCC
being pulled Low and propagated to subse-
quent peripherals. An [US bit iz sot during an
Interrupt Acknowledge cycle if there are no
higher priority devices requesting interrupts.

There are three types of interrupts:
Transmit, Recelve, and External/Status. Each
interrupt type is enabled wnder program con-
trol with Channel A having higher priority
than Channel B, and with Receiver, Transmit,
and External/Siatus interrupts pricritized in
that order within sach channel, When the
Transmit interrupt is enabled, the CPU is
interrupted when the transmil bulfer becomes
empty. (This implies that the transmitter must
have had a dsta character writlen Into it so
that it can become empty.) When enabled, the
recelvar can interrupt the CPU in one of three
Ways:

B Interrupt on First Receive Character or
Special Receive Condition.

B Interrupt on All Receive Characters or
Special Receive Condition.

& Interrupt on Spacial Receive C::unc.litl.{m
Omly.

Interrupt on Firel Character or Special Con-
dilion and Interrupt on Special Condition Only
are typically used with the Block Transfer
mode. A Special Receive Condition is one of
the following: receiver cverrun, framing error
in Asynchronous mode, end-of-irame in SDLC
mode and, optionally, a parity error. The
Special Receive Condition interrupt is different
from an ordinary receive character available
interrupt only In the stalus placed in the vector

_during the Inferrupt Acknowledge cycle. In

Interrupt on First Receive Character, an inter-
rupt can cccur from Special Receive Condi-
tions any time after the first receive character
interrupt.

The main function of the External/Status
interrupt is to monitor the signal transitions of
the CTS, DCD, and STHC pins; however, an
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Figure 7. Intarrupt Schedule

415

008 OESEI




Funcifonal
{Continued)

External/Siatus interrupt is slso caused by a
Transmit Underrun condition, or a zero count
in the baud rate generator, or by the detection
of a Break (Asynchronous mode), Abort (SDLC
mode) or EOF (SDLC Loop mede) sequence in
the data stream. The interrupt caused by the
Abort or EOP has a spocial feature allowing
the SCC to interrup! when the Abert or EOP
sequence is detected or terminated. This
{eature facililates the proper termination of the
current message, correct initialization of the
next message, and the accurate liming of the
Abort condition In external logic in SDLC
mode. In SDLC Loop mode, this feature allows
socondary stations to recognize the wishes of
the primary station to regain control of the
loop during a poll sequence.

CPU/DMA Block Transfer.. The SCC provides
a Block Transier mode to accommodate CPU
block transter functions and DMA controllers.
The Block Transier mode uses the WATT/
REOUEST output in conjunction with the
Wait/Request bits in WR1. The WAIT/

UEST output can be defined under soft-
ware conlrel as a WAILL line in the CPU Block
Transfer mode cr as a UEST line in the
DMA Block Transfer mode. e

To a DMA controller, the SCC REQUEST
cutput indicates that the SCC is ready to
\ransier data to or from memory. To the CPU,
the WAIT line indicates that the SCC Is not
ready to transfer data, thereby requesting that
the CPU extend the /O eycle. The DTRS
REQUEST line allows full-duplex cperation
under DMA control.

Architecture

The SCC internal structure includes two full-
duplex channels, two baud rate generators,
internal control and interrupt legic, and a bus
interface lo a nonmultiplexed bus. Associated
with each channel are a number of read and
write registers for mode control and status
informalion, as well as logic necessary to inter-
face to modems or other external devices
(Figure 8).

The logic for both chennels provides
formats, synchronization, and validation for
data transferred to and from the channel inter-
{ace. The modém control inpuls are monitored

by the control logic under program confirol.
All of the modem control signals are general-
purpose in nature and can optionally be used
for functions other than modem control.

The register set for each channel includes
ten contral (write) reglsters, two syne-
character (write) registers, and four status
(read) registers. In addition, ecach baud rate
generator has two {read/write) registers for
holding the time constant that detarmines the
baud rate. Finally, associated with the inter-
rupt legic 12 & write register for the interrupt
vector accessible through either channel, &
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Archliscture
(Continued)

wrile only Master Interrupt Control register
and three read registers: one containing the
vector with status infomation (Channel B enly),
one containing the vector without status
{Channel A only), and one containing the
Interrupt Pending bits (Channel A only).

The registers for each channel are
designated as follows:

WRO-WHRI5 — Write Hegistors 0 through 15.

RRO-RE3, RR10, RR12, RRI13, RRIS — Read
Registers 0 through 3, 10, 12, 13, 15.

Table 1 lists the funclions assigned to each
read or wrile register. The SCC contains only
one WR2 and WRS, but they can be accessed
by either channel. All other registers are
palred (one lor each channel).

Deter Peth, The transmit and receive data path
{llustrated in Figure 9 s identical fer both
chennels. The receiver has three 8-bit buffer
registers in an FIFO arrangement, in addition
{o the B-bil receive shift register, This scheme
creates acdditional time for the CFU to service
an interrupt al the beginning of a block of
high speed data. lncoming data is routed
through one of several paths (data er CRC)
depending on the selected mode (the character
length in Asynchronous medes also determines
the data path). '

The transmitter has an 8-bit Transmit Data

bulfer reqgister loaded from the internal data

bus and a 20-bit Transmit Shift register that
can be loaded either from the synchronous

. character registers or from the Transmil Dala

register. Depending on the operational mode,
oulgoing data is routed through cne of four
main paths before it is transmilted from the
Transmit Data culput (TxD)

Read Regleter Functlens

ERO Transmit/Beceive buller statas and External status
ER1 Special Recetve Condition status

RR2 Modilied internapt vectar [Channel B only)
Unmedified interrupt vector (Channel A only)

RA3 Interrupt Poending bits (Chamnel A only)

RE& Recewve bulfor

RRID  Miscellaneous stalus

AR12 Lower byte of baud rale generabor lime constant
RRI3  Upper byls of haud rate genoetator time conatanl
AR5  ExternalStatus inerrupt information

Write Reglster Functions

WHO  CRC Inttsalize, initialization commands for the
varlous modes, Register Polnters

WH]  TransmitReceive interrupt and dals transter mode
dalinition

WHR2  Interrupt veclor (sccassed through sither chanmal)
WHh3  Receive parameters and conirel

WH4  TransmivReceive miscollaneous paramoters and
mades

WERS - Transmit parameters and controls
WRE  Sync characiers or SDLC address leld
WHRT  Syne character or SDLC llag

WRE  Transmit bufler

WES  Master imerrup! control and roset (accessed :
throwgh sither channel)

WHIO  Misoellancous transmitter/receiver control bits
WHII Clock meode control

WHIZ Lower byte of bawd rabe generator lime conslan
WHIZ Upper I:-.rlr.- ol baud rate genarator lime conslan
WH14  Miscellaneous contral bits :

WRIE  Exlernal/Status inlermupl comirod

Table 1. Read and Write Reglater Funciions

Programming

The SCC contains 13 wrile registers in each
channel that are programmed by the system
separately to conligure the functional per-
sonality of the channels.

In the SCC, register addressing s diresct for -

the data reqgisters only, which are selected by
a High on the IVC pin. In all cther cazes (with
the exception of WRO and RR0Q), programming
the, write registers requires two write opera-- -
tions and reading the read registers requires
both & write and a read aperation. The first

‘write s to WRO and contains three bits that -

point to the selected register. The second write
is the actual contrel word for the selected
register, and if the second operation Is read,

g - - H
o | !

. the selected read reqisier is accessed. All of

the registers in the SCC, including the dala
reqislers, may be accessed in this fashion. The
pointer bits are automatically cleared afler the
read or write operation so that WRO (or RRO) is
addressed again.

The system pregram first issues a serios of
commands to initialize the basic mode of
operation. This is {gllewed by other commands
to qualify conditions within the selected mode.
For example, the Asynchronous mode,
character length, clock rate, number of stop
bits, even or odd parity might be se! first.
Then the interrupt mode would be set, and
finally, receiver or transmitter enable.
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Programmin
{Continued)

g Resad Registars. The SCC contains eight read

registers (actually nine, counting the receive
buffer (RRE) in each channal). Four of thesa
may be read to obtain status information (RRO,
RR1, RR10, and RR15). Two registers (RE12
and RR13) may be read to learn the baud rate
generalor time constant. RR2 conlains either
the unmeodiflied interrupt vector (Channel A) or
the veclor modified by status information

Read Register 0
EEEEEERE] :
I LE Rr CRARACTER AVALABLE
TERD COMMT
Ta BUFFILR ER#TT
e
ATHLHUNT
L I
To ENDLEARTOM
BELAARORE
S,
Read Regirter 1
[ T Te 1o [ Tou [ T

I_L AL BENT

RLSDUL CODE ¥
Rl €00 1
RIBIDUD CODE 0
FARITY NG
R Sl REuN CARODA
RO RAMING TRRGR

z NG OF FRASE B0
¥ s I .

FEFESS2;
¥

{Channel B). RR3 contains the Interrupt Pan-
ding (IF) bits (Channel A). Figure 10 shows
the farmats for each read register.

The status bits of RR0 and KRl are carefully
grouped to simplify status monitering: e.g.,
when the Interrupt vector indicates a Special
Receive Condition interrupt, all the appro-
priste error bits can be read from a single
register (RR1).

TWO CLOCKS MtRlmod
e E GLCEE, M

Read Reglster 12

0 | 8y [ (B [ 6 0 [0, [

LOWTR ETTR OF
ToME COMETANT
Recd Regleter 13
[Ze [ J o T T o [0 [ 04
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= " | weeen e or
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Tha |
T
LL=TY

THODIFHD B B CHARMEL
s f | |
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- Read Rogisterd . . .. . By Read Roglster 15
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I'Lﬂmunmrutw 1 Ll
CHARSMIL B Ta 88 =0 P SHURT
LR L]
CHAHNEL & EXTOTAT i+ oco
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- T - Figure 10. RHead Reglsier Bli Functions
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Programming Write Registers. The SCC contains 13 write WERS) shared by the two channels that may be

{Continued)  registars (14 counting WHRS, the transmil accessed through either of them. WH2 contains
- bulfer) in egach channel. These write registers the interrupt vecter for both channels, while
sre programmed separately to configure the WHS contains the interrupt contrel kits. Figure
junctional “personality” of the channels. In 11 ghows the format of each wrile register.
addition, thers are twe registers (WH2 and
: ! Write Rogister 0 Write Reglster -
(£ [P o [ B [0 T2 [0 [0 e o e TEa o o [
L1 - kl-n.mnn-- s
: : : mr!:::: BYHE CHARACTON LOAD SmIBlT
i ADDADSS BLARSH MDD BOLTY
: 1] 4 ] oaTen s Ru CRE EMABLE
1 K 1 - m
e Te] seorsren i -
1| & | 0 | REGETER E
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{Continued)
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The SCC generales internal control signals
from WER and RD that are related to PCLE.
Since PCLK has no phase relationship with
Wk and RD, the circuitry generating these
internal control signals must provide lime for
metestable conditions to disappear. This gives
rise to & recovery time relaled to PCLK. The
recovery time applies only between bus trans-
actions involving the SCC. The recovery time
required for proper operation is specified from
the rising edge u! Wuﬂp;r H'El' in Ihe firs! trans-

Timing

action involving the SCC to the falling edge of
WE or RD in the second transactien invalving
the SCC. This time must be al least 6 PCLK
cycles plus 200 ns,

Read Cycle Timing. Figure 12 illustrates
Read cycle timing. Addresses on A/E and DvC
and the status on INTACK must remain stable
throughout the cycle. If CE falls after AD falls
or if it rises before HD rises, the effective BD 1a
shortenad.

ADDRLSS WAL

aEagide
&
L~

X
X e
JenwL

—

f o 4

}( DaTA vaLID }—-—-——-

L {

Figure 12. Read Cycle Timing

Wiite Cycle Timing. Figure 13 illustrates
Write cycie liming. Addresses on A/B and DVC
and the status on iHTﬂCK must remain stable

througheut the cycle. If CE falls alter WH falls
or if it rises before WR rises, the effective WR
is shorlened.

s =

ADDRIST WALID H

e

H
1 -~

DATA ¥AZID

Flgurs 13. Write Cycle Timlog

Interrupt Acknowledge Cycle Timing. Figure
14 illustrates Interrupt Acknowl cycle
timing. Betwean the time m"rﬁ. goes Low
and the falling edge of RD, the internal and
: external IEIVIED daisy chains settle. If there iz
- * an mﬁsn'upl pending in the SCC and IEI is

High when RD falls, the Acknowledge cycle 1s
intended for the SCC. In this casa, the SCC
may be programmed o respond to AD Low by
placing its interrupt vecter én Do-Dy and it
then sets the appropriate Interrupt-Under- .
Service latch internally. :

.

—

Ba-OF

X ——

Figure 4. Interrupt Acknowledge Cycle Timlng
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Absolute Voltages on all inputs and outputs Stresses greates than these listed under Absolube Mant.

Maximum with respectto GND........... -0.3Vie +7.0V E::n::ﬂ:vr::;ru ;ﬂ;lrxmﬂﬂﬁmﬂﬂi‘xﬂt E::::

Ratings Operating Ambient conclition, abowe those Indicated In the operational secticns
Temperalur® .. ....ccoxoennnuns AsSpecifiedin  of thess specifications & no! Implied. Exposure to absolute

' Ordering Information ::u:lmuml rﬂl;;rq conditions bor extended poriods may aflect
wice reliability.

Slorage Temperatura. . ......-65%C to +150°C

Standard The characieristics below apply for the "B +475V =V = 45235V

Test following standard test conditions, unless mGND =0V

Conditions otherwise noted. All vollages are referenced to :

; GND. Positive current flows into the refer- ® Taas ;pnei!:ad in Ordering Information
enced pin. Standard conditions are as follows: All ac parameters assume a load capacitance

- R i of 50 pF max.
. !
] 1L
J.;.. v
=3 _ s .
‘r-\. - » PRI CUTHIT
EHILE TEET
- “ l-ll' j E
Figare 15, Stondard Test Load Figure 16. Open-Draln Test Lead

De- - Symbel Parameter Min Max Unit . Cenditlen

Charac- e

torlstics ‘J',H_ = Inpat High Vaoltage 2.0 Yoo +0.3 v 5 3
Vo  °, Input Low Voltage =0.3 0.8 ¥ Ewion !
Von < ..~ Oulpul High Vollogs = — 24 =7 ro=== =y loy= =250 pA
Voo Outpul Low Veltage e/ I B -V ~  log= +20mA
Moo:oo? Input Leakage % 10.0 gh 043 Vigs +24V
Loy Outrut Leakage +10.0 rA 04 = Vour = +24V
lec Ver Supply Current - 250 mh Lad i T .

b 'H'ﬂ:—- S5V 2 5% unles slherw i apectlied, sver specilied bespera lure range. ;
Capacltance Symbol  Parameter Min Mex Unit Test Condition
7. O Input Capacitance 10 . pF.. Unmeasured Pins
= A Cotr Output Capaciiance 15 pF Returned to Ground
Cio ° Bidirectional Capacitance 20 pF ¢ s i
( A § = 1 MHe, sver specilied temparabore range.
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Read and :
Write e h B ¥ A N\
Timing & e ——| @
.o - &
== @0 =OH
RTEER, 1: N }(
O" G -n—-@ B @I-l—
[ '\@ s r .
@ = -—(I]_-.—-l
(i p——®
’ ;
_— h )é o
@ = I
' T 1
{z o @ el
o K, AT ; l.' 4
: —@———
= ' LA
(e & @)
w— \
= i
—— g e ot
+ 1 -
e el o
[ 1] & y A Bl i
b -.-..—@———-l-
|
4 MH= & MHz :
Ho. Symbol Paramster ; Min  Max Min  Max Hates*t
1" TwPCl ° "PCLE Low Width ~ : S 105 2000 © 70 T71000 s o o
2 TWP‘:I‘I L I P‘:LK H1'Hh Wid!h w1 AT T “:E‘ Ll m H | W'. =1 lm R LA
3 TIPC PCLE Fall Tima Ry s ek 20 " oA |
4 TPC PCLE Rise Time b il 1 ST 3 15
§—TcPC PCLE Cycle Time 250 e 4000 ——mm 165 = 2000 ———
6 TeA(WR) Address 1o WR | Setup Time &0 B0
7  ThA{WR) Address to WE | Held Time 0 _ ]
8 TsA(RD) Address to Bl | Setup Time BD 80
9  ThAED) Address to AD | Hold Time 0 0
10— TslA(PC) THTACE to PCLE 1 Setup Time (1} 0
11 TlAIWR) |, INTACK to W | Setup Time 200 160 1
12 ThIA(WR) [NTACE to WH 1 Hold Time 0 o
13 TslAsRD) NTACE to HD | Setup Time 200 160 1
14 ThIA(RD) NTACE to HD 1 Held Time ] (1]
15 — ThIA(PC)——— INTACE. to PCLK 1 Held Time 100 100
16 - TsCEL(WH) TF Low to WR | Setup Time | 0
17 ThCE(WR) TE o WA 1 Held Time 0 ]
18 TsCER{WR) T°F High to WR | Setup Time 100 70 -
19 TsCENRD) TF Low to AD | Setup Time 1] 0 1
20— ThCE(RD) CE to RD 1 Hold Time (1] (1] 1—
21 T«CEMED) CE High to RD | Setup Time 100 70 1
22 TwRDI AD Low Width 3%0 250 1
73 TdRD(DRA) FD | to Read Data Active Delay 0 o
24 T4RDrDH) RO | to Read Data Not Valid Delay 0 ]
25  TdRDEDR) HD | to Read Datz Valid Delay 50 180
26 TdRD{DRz) D 1 to Read Data Float Delay 70 45 2

in the output with & mazimem de bead and mani=um oc load.
* Timings are pral oy and sulbject o ch
1 Units bn mancssconds [ns).

NOTES:
1. hnﬂtrm el apply to Imlarrupt A-.-hn-:r-hdq-

I‘.Fhild-lhrhddwwd"hlmmmndfht £0.5 V change
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Interrupt .
Acknowledge .
Timing
= i |
- e AT A % s
W
Rasal i
Timing
Cyele
Tlming
Ho. Symbol Farametar o i) £ Min  Mex Min Bt Hotes*t
27  TdA(DR) Address Required Valid to Read Data Valid Dc]-:lf 590 420
23 TwWAI WH Low Width 350 50
29  TsDW(WR) Write Data to WH | Satup Time 1] 0
0  ThDW({WER) Write Diata to WH 1 Hold Time 0 0
31— TdWR{W) W | to Wait Valid Delay 240 2 o
32 TdRIMW) FD | te Wait Valld Dalay 240 200 4
33. TIWRHREQ) WK ! to W/AED Not Valld Dolay 240 200
34 TdRDMREQ) D! te WWHED Not Valid Delay 40 00 . 5
35 TdWRAREQ) WH 1 to DTR/REQ Not Valid Delay sfrgg s‘r%': ;
+ +
36— TdRD-{REQ) —— FD 1 to DTR/RED Net Valid Delay 5TcPC STePC
: + 300 + 0
37 TdPC(INT) PCLE | to THT Valid Delay 500 500 4
3} TdlAiRD) INTACK to D | (Acknowledge) Delay 250 250 -]
33 TwHDA HD (Acknowledge) Width 85 ; 250
40— TdRDA(DR) —— AD | {Acknowladge) to Aead Data Valid Dalay - 190 180
41 TEIRDA) 1EI to ED | (Acknowledge) Setup Time 120 100
42  ThIENRDA) IEI to HD 1 (Acknewledge) Held Time 0 ]
43 T4IENIED) « 1E1 ta IEC) Dalay Time X 100
44 TdPC({IED)  PCLE 1 to IED Delay 50 250
45— TdRDA(INT)—— BD | to THT Inactive Dalay 500 00 4—
46 TdRD(WROQ)  RD I to WH | Delay for No Resat 30 15
47 TAWRGQ(RD)  WR 1 to D | Delay for No Reset 0 30 -
48 TwRES WH and AD Colncident Low for Fesat 250 50 5
48 Tre Valid Access Recovery Tima 6TePC - BTePC
+200 + 130 3
NOTES: ;
3, P [ liss anly bab vireg tha SOT, o the SOC, and TAENIED) for sach davice ssparaling them
4, Cp-nrduln cutput, mesnared -1ﬂ1 upvn-dnm Eeal lﬁd o i thes daley chaim,
&, Pasameler in system deperdent. For any SO in the daisy 5 A" x * Timings are prelimsinary and subject i change.
AR f Units in nanosscomds {nal,

chain, TAIAMADY must be greater than the sum of TdPCIIED) 3
Fee thee hbghawl peucaily device in Ihlnd.llqml.n TelEKRDA) = ‘

2023007, 008, 009
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2 4MH:z 6 MH: .
Ho. Symbel Paramater Min Max Min Muax Hotes*t
1 TdPC(REQ)  PCLK I to W/REQ Valid Delay 250- 250
‘2 TAPCIW) PCLE | to Wait Inactive Delay 350 350
3 TRXCIFC) fizC 1 1o PCLE 1 Setup Time (PCLE + 4 case only) B0 TwPCl 70 TwPCl 1.4
4 TeRED{(RXCr)  RxD toRx 1| Setup Time (X1 Made) 0 o 1
§— ThRXD(RXCr) — RxD to RixC 1 Hold Time (X1 Mode) 150 150 1—
6 TeRED(RXCH  RxD to RxC | Setup Time (X1 Mode) 0 S 15
7  ThRXD(RXCY) FaxD to AxC | Hold Time (X1 Mode) 150 150 15
8 TeSY(RXC) BYHC to FxC 1 Setup Time e R -200 1
9 ThSY(RXC) - - BYHC to FxC | Hold Time 3TcPC aTcPC
fe + 200 +200 - 1
10— TeTXC(FC)—— TaC | to PCLK | Setup Time o 0 24—
»@® 1 TATXCKTXD) _TxC | to TxD Delay (X1 Mode) - 300 230 2
o- 12 TdrXCr(TxD) TxC 1 10 TxD Delay (X1 Mode) ol e 30 25 =
13 TATXD(TRX)  TxD to TRxC Delay (Send Clock Echo) 20 o - 200 -
i 14 TwRTXh FT=C High Width . 180 180 6 g
{ 15— TwRTX1 ~RTC Low Width 180 180 — o
16 TeRTX fTaC Cycle Time ' 400 400 6 a
17 TcRTXX Crystal Oscillator Period 250 1000 250 1000 i3
18 TwTRXh TH=C High Wedth 180 180 (-]
19 TwIRX1 T Low Width 180 180 &
20 — ToTRY ————— TR Cyclo Time 400 400 6—
21 . TwEXT BCD or €T Pules Width . 200 200
7 TwSY. . BTAC PubeWidth .o e e i 200
NOT s e e 3 s e e e amml st s e o e 3 !
1. Fal 4 AT or | whichaver 1 suppiyineg the fecalre e .S, Pazameter applies oaly o FM sncoding/deceding.
ehock. 6. Parameter appdies onky for trensmitler and receiver; DPLL acd
2, Tol i THGT er FTaC, whishever i supplying the fransslt bad rato g o Hmisg rey tz e identical b chip
ebock el o P . PCLE requirossenis.
3, Ruoth Tl and STRC kave 30 gF sapscitons to ground cons ® Timirgs are preliminary asd subpect to charge.
pected io them. 1 Unéts in rancesconds (nal
4. Paramater apphien only il ihe data rate s one-[purth tke PCLEK
rats. In -!ﬁhqr cases, no phass relaticeahip babwesn Rels and
_P_CLF__?"_: and PCLE s rm!-“'.'i‘-‘.-l (o G ol et LTI
2 sl - : H aipl ]
s
] €
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. . 4 MHz & MHz
He. Symbol Paramaeler Min Mox Min Mox Hotea*t
|  TIRKC(REQ) T 1 to W/REG Valid Delay SRR g 1o 2
2 TdRXC(W) RxC | to Wait Inactive Delay ] 12 B 12 1.2
. 3 TdRXCISY) Bl 1 to STHC Valid Delay 4 7 4 7 ]
4 TdRXC(INT) FixC: 1 te INT Valid Delay 10 16 10 16 1,2
§ —TdTXC(REQ) —TC | to W/RED Valid Delay - 5 8 5 ] F—
6 TdTXC(W) T:C | to Wait Inactive Delay 5 8 5 ] 1.3
7 TATXCIDRD) TeC | to DTR/REQ Valid Delay 4 7 4 Ay 3
8 TdTXCINT) TG 1 to THT Valid Delay [ 10 "6 10 13
g TdSY(INT) EYRE Transition to THT Valid Delay 2 6 2 6 1
10 TLEXT{INT) BED or ©TS Transition ta THT Valid Dolay 2 6 - 2 6 1
?OTEE: . s Tied red wabject to cha
5 k. 19 boad, - I &
2 %}*ﬁ&wﬁhﬁ:‘hﬁzlr :::pl-;:::: g TUmhmeJEw' = ey 7
3 TE':I- THeC or ATeT, whichever is supplying the irassmit
chock.
L6015
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Crdering Product  Pockage/ Product Packoge/

Information Number = Temp  Speed Description Humber Tomp  Speed Description

ZES30 CE 4.0 MHz S5CC (40-pin) ZBS30A CE 6.0MH:  SCC (40-pin)
530 CM  40MHz  Same as above 285304 CM  6.0MHz  Same as above
ZA530 CMEBE 4.0 MHz Same as above ZBS30A CMB 60MHz  Same as above
28530 CS  4.0MH=z Same as above ZB530A Cs 6.0 MHz Same as above
28530 DE 4.0 MHz Same as above 285307 DE 6.0 MHz Same as above
ZB530 DS 40MHz Same as above ZAS30A D5 60MH:  Same az above

8530 PE © 40MHz  Same as above ZB530A FE 6.0MH: Same as above
ZB530 Ps 4.0 MHz Same as above Z8530A Fs 6.0 MHz Same as above

ROTES: C = Ceramic, D' = Cerdip, P = Plasticz E = =40°C o +B5%C, M = 25%C ip 125%C, MB = -55%C o 125°C with MIL-STD-083
with Class B processing, 5 = 0°C 1o + 70°C,

D08 OESBZ
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28536 CIO
Counter/Timer and
Paraliel ¥/0 Unit

Product

Zilog ' ' Specification

 Part No.: 32 958 044

o ‘ : September 1983
"R _ . .
“ Features ® Two independent 8-bit, double-buffered, B Flexible pattern-recognition loegle, program-
_ bidirectional VO ports plus a 4-bit ey mable as a 16-vector interrupt controller.
| #pecial-purpose VO port. VO ports . .. m Three independent 16-bit counter/timers
feature programmable polarity, o . with up to four external access lines per
proqram:imbla direction (Bit mode), “pulse - eounter/timer (count input, output, gate,
catchers,” and programmable open- and trigger), and three cutput duty cycles.
d”'i'? outputs. (pulsad, one-ghet, and square-wave),
® Four handshake modes, including 3-Wire programmable as retriggerable or
(like the IEEE-488). il nenrefriggerable.
B REQUEST/WAIT signal for high-speed data M Easy to use since all registers are
Jtransfer. . HEUH 1 reaclfwrite. - - . :
General The 28536 CIO Counter/Tymer and ...« - (command, status, and data) reacable and
Description  Parallel I'0 element Is a general-purposs ;.- . {except for status bits) writable. In addition,

: peripheral circult, satislying most counter/ = - each register 18 given Its own unique internal
timer and parallel /0 needs encountered In address, eo that any reglster can be accessod
system designs. This versatile device containg in two operations. Al data registers can ba
three 1/O ports and three counter/timers. Many  directly accessed in a single operation. The
programmable options tailor Its configuration CIO is aasily interfaced to all popular
ta epecific applications. The use of the devica microprocessors.
is simplifled by making all internal registers Rt

T i ! i - i .. LT B
©ima L iy e L)
; i Og Piy [ 2t I-
e | B0, iy | § R
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- o (= e S i
- Fhy fa—e
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? 1 —_— W . Dy e E ol i
: —| B gaman o | v
:#Lﬁ i T H}"‘" ¢
REBET | |y [
| —{= 0y |a—ie
[ -— it ity [
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Figure 1. Pin Functlona ; Figurs 1. Pio Assignments
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Pin Kg-Ay. Address Lines (input). These two lines
Description  are used to select the register invclved in the
. CPU transaction: Port A's Data register, Port
E's Dala regisier, Port C's Dala reglster, or a
""" gontrol register.
CE. Chip Encble {input, active Low). A Low
5 lovel on this input enables the CIO to be read
from or written lo. 2

Dg-Dy. Data Bus (bidirectional 3-state). These
elght data lines are used {or transfers batween
 _the CPUand the ClIO. . ‘

IEL [nferrup! Enable In (inpul, aclive High).
IEI is used with IEQ to form an interrupt daisy
chain when there is more than cne interrupt-
driven device. A High IEl indicates that no
other higher pricrity device has an Interrupl

It must be stable throughout the Interrupt
Acknowledge cycle.
PARy-PAy. Port A IO lines (bidirectional,
3-state, or cpen-drain). These eight 'O lines
transier information between the CIC's Port A
and external devices.
PBy-PBy. Fort B [/O lines (bidirectional,
3-alate, or cpen-drain). These eight 'O lines
transier information between the C10's Port B
and external devices. May alsoba used to -
pcm\rld; exiornal access to Counter/Timers
1 and 2.

PCy-PCy. Fort C 170 lines (bidirectional,
3-gtate, or cpen-drain). These four /O lines

are used to provide handshake,

WATT, and

- REQUEST lines for Ports A and B or to provide

.,“-
;'- eeeemme= o= yndar garvice or s requesiing an interrupt. = *‘axternal access to Counter/Timer 3 or access =
" >+ ** 1EO. Inferrupi Enable Ouf (output, active """ 10 he ClOsPort C. * '™ ki
e el TS ety TEO is High only if 1ED 1s High and the | PCLE. Peripheral Clock (input, TTL-
{, = vt st CPU s nol servicing an interrupt from the < ‘compatible). This is the clock used by the
i% -« pequesting CIO or s not requesting an inter- “‘internal confrol logic and the counter/timers
+ i rupt (Inferrupt Acknowladge cycle only). IEQ in Hmer mode. It doos not have to ba the
is connected to the next lower priority device’s  CPU elock. }
. -1EI input and thus inhibits interrupts from RD*. Read (input, active Low). This signal
__huer priority devices. indicates that a CPU Is reading from the CIO.
IRT. Inferrupt Reques! (cutput, open-drain, Dering an Interrupt Acknowledge cycle, this
+ +4 active Low). This signal 1z pulled Low when - signal gates the interrupt vecter onto the data
tha CIO requesis an interrupt. bus if the CIO) 1a the highest pricrity device
T -_—--m‘. -Interrupt Acknowledga (input; active NI AR T
Loe shini o). This input Indicates to the ClO that an ° Wh*. Write {Input, active Low). This elgnal "™
mecticbs C Interript Acknowledge cycle Is In progress. 'indicates & CPU wrile to the CIO. #7707 %
s g THTAGE moust ba synchronized to PCLE, and *° * *When Tl ond T are detecied Low ot tha same time (rormsdly
B e AL e L e LR = . an (llegal condition), the CHCH ds reesd. '
: Architecture - The CIO Coupter/Timer and Parallsl /O three 140 ports (two general-purpose B-bit
> .. <c.element (Figure 3) consists of a CPU interlace, . porls and one speclal-purpose 4-bit port),
z ETIRELFT iy
RO e, £ s T )
i cogies ".,.'II.M ; L --1 . H::.l._
.r?;{. -[—:i... : 1o ""_'- :_L‘_‘ﬁ
: al -- Mo
: i o - - i
; oy s | ] {(::)
s - couTER FORT
A LA ‘Eﬂ TR 3 ﬁ LN
» _w
11. i ey HETE 3 &
| H = s 3 ]:I
H 5 g £y :‘ = r} Pl i
2 5. s (— r—> w2 v Ko
e S TR T ] ——
g (=]
T & [==c il L
::) Tl i j
5
o Tt Figars 3. CIO Block Diagram
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a priorlty-Interrupt controller. Ports A and B
can also be linked to form a 16-bit 'O pertl.
: To control these capabilities, both porte con-

' tain 12 registers. Three of these registers, the
Input, Output, and Bulfer registers, comprise
the data path registers. Two registers, the
‘Mode Specification and Handshaks Specifica-
tion registers, are used lo define the mode of
the port and to epecify which handshake, if
any, is to ba used. The reference pattern for
the pattern-recogmition logle ls-defined via

Architecturs S Reey T COUMTINTRACRS. 1 At i
{Continued) T (e )
= i
.+
L ]
T
e, - W
. ﬂTI‘I‘.‘:‘m
E -
FATTER :
—)| =& - xES) - o
' . r m 3
i FLOETER
] S
: ol i : | N
s i i = it : : ! r
e e o N ' i
i =L 1 e :\ o - — ey,
(PORT g T, —
______ G Cﬁ 1,
COHTRGY, =
e e |
e T PFORT &
Figure 4. Ports A cnd B Block Dlogrom
34 8 o thres 16-bit counter/limers, an interrupt- . thres registers; the Pattern Polarity, Paltern
' * ..t =pontrol logie block,; and the internal-control - - - Treneition, and Pattern Mask registers. The |
#m w20 ]ogle block: An extensive number of program- « detalled characteristics ol sach bit path (for
st - “mable’options allow the user to taflor the con- - -~ example, the direction of data flow or whether
vl figuration to beest suit the specific application. -  -a path ie Inverting or noninverting) are pro-
©% 1 The lwo gonoral-purpose 8-bit I/O ports = grammed uelng the Data Path Polarity, Data
=% (Flgure 4) are idantical, sxcept that Port B can © . -Direction, and Special /O Control registers.
i o be specified to provide external access to © © - =7 The primary control and status bits are
L . * Counter/Timers 1 and 2. Either port can ba grouped in a single register, the Command
i ‘programmed to ba & handshake-driven, and Status register, so that after the port is Ini-
sk oot 5 ¢ double-buffered port (input, cutput, or bidirec- .~ Hally configured, only this register must be ac-
siteter <t Honal) or & control-type port with the direction - ¢ cessed frequently. To facilitate initialization,
£1ied ‘of e4ch bit individually programmable. Each * the port logic 1s designed eo that reglsters
©  port'includes pattern-rocognition logic, allow- associated with an unrequired capability are
{2:" "jng interrupt generation when a specific pal- Ignored and do not have lo ba programmed.
s ¥ tern I8 detected. The patiern-recognition logie .« The function of the speclal-purposs 4-bit
{ can be programmed so the port functions like port, Port C (Figure 5), depends upon the

roles of Ports A and B, Port C provides the
required handshake lines. Any bite of Port C
not used as handshake lines can be used as
/O lines or to provide external access for the
third counter/limer.

. Since Port C's functicn 1s defined primarily
by Parts A and B, enly thres registers (besides
the Data Input and Cutput registers) are
needed. Thesa registers specify the details of
sach bit path: the Data Path Polarity, Data
Direction, and Special 1O Control registers.

Ah4-002
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~ i The thres counter/timers (Figure 6) are all ;
.- counter,a 16-bit Time Constant reglater - = o
(which holds the value loaded into the down-
~.counter), & 16-bit Current Count reglster {used
to read the contents of the down-counter), and
two 8-bit reglsters for control and status (the
Mode Speciflcation and the Command and
Status regisiers]. .
e . The capabilities of the munterflimar are .
s .-:.anumar-ws Up to four port VO lines can be "
.. dedicated as external access lines for each:: .-
-~ poounterfimer: counler input, gate Input, trig-.-
. ger input, and counter/timer cutput. Three dif-
f.iurmt counter/limer output duty cycles are
e.mﬂahl-é pulse, one-shol, or squara-wave.::
ok Rany LN

sebipe

e, LB

e LR

L pged

Yo,
e n L
rrariabunhr cengtg

£ e e W

¥ e,
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it Ee

4
e

" \-.11 F LR

vad Bt
oy oo

BYTATERS

Figurs §. Port C Block Dlogram

..., The oparation of the counter/timer can be pro-
-w3-n Identical. Each Is comprised of a 16-bit down-., ..

. grammed az alther retriggerable or nonretrig-
gerable. With these and other oplions, most
eounter/timer applications are covered.

+ .There are five registers (Master Interrupt
Control reglater, three Interrupt Vector

- raglsters, and the Current Vector register)
asgoclated with the interrupt logic. In addition,

the perts’ Command and Status reglsters and

S_—

o the counter/timers. Command and Status

..reglaters include bits associated with the inter-

rupt logle. Each of these registers contains
thres bits for interrupt control and status:
Interrupt Pending (IP), Interrupt Under Ser-

. vice (IUS),.and Interrupt Embil& {1E}.
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counter/limers, and interrupt logle. =
'1/0 Port Operations. Of the CIO's three L-’O

) A 1‘ A F Mt e o
ports, twe (Forts A and B) are genera 7 sutput, as réquired.

purpose, and the third (Port C) is a special-
purpose 4-bit port. Ports A and B can be con-
{igured as Input, outpul, or bidirecticnal ports

" with handshake. (Four different handshakes

are avallable.) They can ales be linked to form

* * aeingle 16-bit port. If they are not used as
. ports with handshake, they provide 16 input or

T ; '_ oulput bita with the data direction program-

(I L -

% ) e

Cn
oy

Ar TERY,

M8 P

mable on a bit-by-bit basis. Port B also pro-
‘vides access for Counter/Timers 1 and 2. In all
conlfigurations, Ports A and B can be pro- «
qr.nmmad o recognize speciiic data pnﬂama

" encountered.
'ﬂml‘uurbilaof?m‘lﬂpmﬂd&ﬂwhind
* ghake lines for Ports A and B when required.

A REQUEST/WAIT line can also be provided

- 8o that ClO transfers can be synchronized with
DMAs or CPUs. Any Port C bils not used for
handshake or REQUEST/WAIT can be used as

Anput or output bits {individually data-direction”

) ar external access lines for ™

.. Counter/Timer 3. Port C does not contaln any

" pattern-recogniticn logle. It is, however,

capable of bit-addressable writes. With this
feature, any combination of bits can be set

_andfor cleared while the cther bits remain

undisturbed without first reading the register,
Bit Port Operaticns. In bit port operations, the

Architecture o
{Cmtlm.‘lbd] ,,."";.‘
4
hJ
A
4
‘ J
Teihl CRALHT
CONITANT COUNT
e e R e
ass
i ComAHT
M ATANT sl
R e
- B m byl ‘ : L
E‘: 1 L B ! L L T
ot : : t ; ﬁ ;
COUNTLR Ll : ] ¥
TR
() e e Dty -
e = ; T FORT
Figure §. Counler/Tlmer Block Magram
Functlonal The following describes the funclions port’s Data Direction reglster specifies the
of the ports, pattern-recognition logic, ; , direction of data flew for each bit. Al

" specilies an Input bit, and & 0 specifies an oul-

put bit. If bits are used as.1/0 bils for a
counter/limer, they should bo set as input or

The Data Path Polarity mqla'lar provides the
capability of inverting the dats path. A 1
epecifies Inverting, and a 0 specifies non-

" inwverting. All discussions of the port opera-

tiens assume that the path Is noninverting.

" The value returned when reading an input
bit reflecis the stale of the Input Just pricr to
the read. A 1's calcher can be inserted into the

_input data path by programming a 1 to the

corresponding bit position of the port's Special

.10 Control reglster. When a 1 is detected at

and to generate Interrupls when ﬂm pattern ls -..;; the 1's calcher input, its output is set to 1 until

it 1s cleared. The 1's catcher is cleared
by writing a 0 to the bit. In all other cases,

attempted writes io input bils are Ignored.

When Poris A and B include output bits,
reading the Data register returns the value
being cutput. Reads of Port C return the state
of the pin. Crutputs can be specilied as open-
drain by writing a 1 to the corresponding bit of
the port's Special IO Control register. Port C
has the additienal feature of bit-addressable
writes. ‘When writing to Port C, the four most
slgnificant bits are used as a write protect
mask for the least significant bits (0-4, 1-5,
2-6, and 3-T). If the wrile protect bit Is written
with a 1, the state of the corresponding output
bit is not changed.
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X (Continued)
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Ports with Hendshake Operafion. Ports A and pattern-match capability must be disabled. -

B can be epecified as 8-bit Input, ocutput, or Also, when the ports are linked, Pert B's Data
bidirectional ports with handshake. The CIO regieter must be read or written before
provides four different handshakes for its Port A's.

ports: Interlocked, Strobed, Pulsed, and “When a port is specifled as a port with hand-
3-Wire. When specilied as a port with hand- shake, the type of port it is (Input, output, or

shake, the transier of data Into and out of the bidirectional) determines the direction of data
port and Inferrupt generation is under control flow. The data direction for tha bidirectional
of the handshake logic. Port C provides the . .. port is determined by a bit in Port C (Table 1).
handshake lines as shewn in Table 1. Any Port In all cases, the contents of the Data Direction
C lines not used for handshake can be used sz reglster are ignored. The conlents of the

simple I/0 lines or as access lines for Spectal /O Conlrel register apply only to out-
Counter/Timer 3. put bits {3-state or cpen-drain). Inputs may nct
When Portz A and B are mnﬁgumd a8 paria have 1's calchers; therafore, those bits in the
with handshake, they are double-bufiered. Special 1/O Conirel register are ignored. Port
This allows for mare relaxed interrupt service C lines used for handshake should be pro-
roufine response time. A second byto can be © | grammed as inputs. The handshake specifica-
Input to or cutput from the peort before the ton overrides Port C's Data Direction register
interrupt for the first byte is serviced. Nor- - . for bils that must be cutpuls. The contents of

mally, the Interrupt Pending (IP) bit is eet and . - Port C's Dala Path Polarity register till apply.
an interrupt s generated when data is shifted - - piarlocked Handshake. In the Interlocked
inte the Input register (input port) of out of the  Handshake mode, the action of the CIO must

Oulput register (output port). For inpul and be acknowledged by the external devics
output ports, the IP is automatically cleared bafore the next aclion can take place. Figure 7
when the data is read or wrilten. In bidirec- shows timing for Interlocked Handshake. An
tional ports, IP is cleargd enly by command.” eutput port does not indicate that new data is
_When the Interrupl on Two Byles (ITB) contrel available until the external device indicates it
bit is got to 1, interrupts are generated only is ready lor the data. Similarly, an input port

" when two bytes of data are avallable to be read - .05 not indicate that it is ready for new data

" or written. This allows & minimum of 16 bits of "~ ypi] the data source indicates that the

information to be transferred on each inter- © -
3 ! provious byte of the data is no longer

rupl. With ITB set, the IP s not automatically avallable, thereby acknowledging the input
d’“":ﬁ unil the second byte of data isread * o4 scceptance of the last byte, This allows
O e the CIO to interface directly fo the of aZ8
" When the Single Buffer (SB)bit s setto 1, -~ - m[mw:'m. UG o FIO. mpr.ﬁ‘o x5
the porl acts as if it 1= Dﬂ.!? S‘I‘lﬂl‘ﬂ'huﬂﬂmd . to ancther CIO F'O\l't with no external logic.

_ This is usaful if the handshake line must ba =~ . “A 4-bit deskew timer can be Insacted in the

. stopped on a byte-by-byte basls. : ! - Data Available (DAV) cutput for cutput ports.

Ports'A and B can be linked to form a 6Bt = Hs data is transferred to the Buffer
register,
porf by programming & | in the Port Link Con- . yhg deskew timer is triggered. Aftor the

““irol (PLC) bit. In this mede, only Port A “ = nymbar of PCLK cycles specified by the

_ *Handshake Specification and Command und " deskew timer time constant plus ane, DAV is
= _5Iﬁt'l.ls registers are ueed. Port B must be "fdnm to go Low. The deskew timer therefore
= specified as a bit port. When linked, only Fm-t - guarantees that the output data is valid for a
_-Ah‘“ pat!am-mul,ch c-npubl]itr Port B's spacilied minimum amount u:! time before DAV
8 AL R e LD
F il s SR I R B | % .. [Parii : : g i h-".'T
s _“-Fnﬂ”lm:mﬂn L e T PGy | e Ky MR . - T o~
: .-.' 'I.ﬁil'l-.iB: BliPm-h.:' L Bl 1O i Bit VO : ‘I‘lm TV Rs 1O
Pesrt A: - Input & Output Port RFD or DAY ACKIN nmum WAL B LO
{hﬁl‘bchdﬁbnbudw?uhrd o St iprpe e L wﬂlm ;. e
“Port B Input or Dutput Pert REQUEST/WAIT . . Bit IO ; muﬂ_ 151 ACEIR
e (hﬁrh&nd,ﬁhvbnd_.nr?ulld- or Bit 'O N iiirhe g
MA«B I.:wch-l[:’-Wu- RFD (Ouipu) DAV (inpat) 'nmu:s'rmm'_'__mc:oumu
. Handshake) e BRlO
Port A or B Outpul Pert (3-Wire DAV (Output) Ml:.‘{ln.put]l mummnrr " RFD (Input)
Handshake} . er Bl IO
Port A or B:  Bidirectional Port RFD or DAY ACKIN REQUEST/WAIT - DUOUT
{Intorlocked or Strobed Handehake) . erBit O

<Both Forte A and B can b specilied inget e cutpat with Inserlocked, Strobed, or Pulssd Handshaba at the same time i naithar usss
: Tabls 1. Port C Blt Utilisation
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Functlonal goes Low. Deskew timers are available for out-
Description  put poris independent of the type of handshake
(Continued)  employed. :

Strobad Handshake. In the Strobed Hand-
shake mode, data is “strobed"” into or out of
the port by the external logic. The falling edge
of the Acknowledge Input (ACKIH) strobes
data into or out of the port. Figure 7 shows
timineg for the Strobed Handshake. In contrast
to the Interlocked handshake, the signal
.indicating the port 1s ready for ancther daia
transfer operates independently of the ACKIN
input. It is up to the external logic to ensure

that data overflows or underflows do net eccur.

3-Wire Handshaka, The 3-Wire Handshake i1s

game handshake as is used on the IEEE-488
bus. Because this handshake requires thres
lines, only one port (either A or B) can be a
3-Wire Handshake port at a time. The 3-Wire
Handshake is not available in the bidirectional
mode. Because the port's direction can be
changed under software control, however,
bidirectional IEEE-488-typa transfers can be
performed.
Pulsed Handshake. The Pulsed Handshake
{Figure 9) is deslgned to Interface to
mechanical-type devices that require data to
be held for long periods of lime and need
relatively wide pulses lo gate the data into or
* put of the device. The logis is the same as the
Interlocked Handshake mode, except that an

@ ‘designed for th tion in which tput
i:_ pm_ﬁl: -::nu:::-:un':cfit;: ::!lihn:nns mﬁ ':;.]:: internal counter/timer is linked to the hand-
5 * . gimultanecusly. It is essentially the same as the  Shake logic. 1§ the port is specified In the input
~ " Interlocked Handshake, excopt that two signals ~ T0de, the Umer 3 ¢ inserted in the ACKIN path.
are used to indicate if an input port is ready The external IH input triggers the timer
for new data or if it has accepled the present and is output 1s used as the Interlocked Hand-
dala, In the 3-Wire Handshake (Figura 8), the  Shake's normal acknowledge input. If the port
rising edge of cne status line indicates that the 18 an culput port, The the timer is placed in the
port iz ready for data, and the rising edge of Data Available (DAV) cutput path. The timer is
another status line indicates that the data has  riggered when the normal Interlecket e
4 : bean mplEd- With the 3-Wire Handshake, shake DA outpul goes Low and the limer out-
i “'% the cutput lines of meny input ports can be put is used as the actual DAV cutput. The
 bussed logether with open-drain drivers; the counter/timer maintains all of its normal
 oulput port knows when all the ports i eapabilities. This handshake 13 not available to
“#si - gocepted the data and are roady. This is the - Pidirectional porte. . T .
' t i L L T % ' wmE s i
| m'“m ‘.'... Hads e P
AT G
1y TR /]
Wwa = DA g = = " BERLGCEED
v Rl § 1 z prOLOEKED '}.--.—
" -+, DATA BMOWED HAHDEHAKE 7
; T ieren | i, A et
: : It WILET BYEE ik
" i LR N iy ' EHFTED FROA i,
g : DUTPUT REGSTIR 10 .
2o -1 A -. LI
K
Flgure 8. 3-Wire Hm.li.
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Functlonal = REQUEST/WAIT Line Operation. Port C can
Description  be programmed to provide a status slgnal out-
{Continued)  pul in addilion to the normal handshake lines

Of sittndievs 2o

for either Port A or B when used as a port with
handehake. The addilicnal signal is either a
REQUEST or WAIT signal. The REQUEST
signal indicates when a port is ready to per-
. form & data transfer via the CPU interface. It is
intended for use with a DMA-type device, The
_* WAIT signal provides synchronization for
" transfers with a CPU. Three bits in the Port
. Handshake Specification register provida con-
" irols fer the REQUEST, logic. Becausa
" the extra Port C line is used, only one port can
be specified as a port with a handshake and a
REQUEST/WAIT line. The other port muat be
i3 8 bit port. h
" ¥ Operatlon of the REQUEST line is deJﬂad
__br,lhe state of Lhe port’e Interrupt on Two
Bytes (ITE) control bit. When ITB is 0, the

REQUEST line goes active as soon as the CIO {

is ready for a data transfer. lf ITB is 1,
REQUEST doss not go active unill two bytes
can be transferred. REQUEST stays active as
long az & byte is available to be read or
wrillan.

The SPECIAL REQUEST funclion is reserved
for use with bidirectional ports only. In thiz
‘case, the REQUEST line Indicates the status of
“{he register not being used in the data pnth al
that time. If the line 1s High, the' ¥ = |
REQUEST line 18 High when the Cutput
register is empty. Ii IN/OUT 18 Low, the
REQUEST line Is High when Ih.e Input register

s full. - r 'f

" Patlern- Heeug-nﬂm Logie Dp&m:‘.rm Both

= "t Ports A and B can be programmed to genorate

; Interrupts when a specific pattern Is recog-

Pang -~ “rifzec af the port. The pattern-recognition logio
"7 718 independent of the port application, thereby - gonerated ts laiched in the input register and

.. allowing the port to recognize patterns in all of
iis configurations. The pattern can be indepen-
dently specified for each bit as 1, 0, rising
edge, falling edge, or any transition. Indi-

vidual bits may be masked off. A pattern- . .: <, .
.bit (I1OE) 18 O, the match-1s ignored. However,

_ match is defined as the simultanecus satisfac-
tion of all nonmasked kit specifications in the
AND mode or the satisfaction of any non-

masked bil specifications in either of the OR or _

CR-Priority Encoded Vector modes.

ey vy

—>o—| ooen counmin
= wEUT ouTRT _b”“{]ﬁ
T

Figure 8. Pulsed Hondshake

COuNTER L acwer,

The pattern specified in the Pattern Defini-

. tion register assumes that the data path (s pro-

grammed to be noninverting. If an input bit in
the data path is programmed to ba inverting,
the pattern detected is the opposite of the one
specified. Cutput bils used in the pattern-
match logic are internally sampled before the
invert/noninvert logic.

Bit Part Patlern-Hecegnilion Operations. Dur-
ing bit port oparations, pattern-recognition

. may ba parformed on all bits, including those

uped as IO for the counter/timers. The input

. to the pattern-recognition.logic follows the
< walue at the pins (through the invert/noninvert

legic) In all cases except for simple inputls with
1's catchers. In this case, the gutput of the 1's
catcher is used. When operaling in the AND
or OR mode, 1t is the transltion from & no-

", match to & maich slate that couses the inter- -

_.rupt. In the “OR" mode, if a second match
oocurs before the first match goes away, It

" does not'cause an interrupt, Since a match
condition only lasts a short ime when edges
are specified, care must be taken to avoid
losing a maich condition. Bit ports specilied in
tha OR-Priority Encoded Veclor mode genarata
interrupts as long as any match slale exists. A
transition from a nn-muich 1o a malch state is
not required.

The paliorn-ramqniuun Iﬂqic of bit ports’
operates in two basic modes: transparent and
laiched. When the Latch on Pattern Match
(LPM) bit is =et to 0 (Transparent mode), the

-interrupt indicates that a specified paitern has
-.pocurred, but a road of the Data register does

not necessarily indicate the state of the port at
the tims the inlerrupt was generated. In the
Latched mode (LPM =1}, the state of all the

; part dnputs at the time the interrupt was

held until IP is cleared. In'all cases, the PMF
indicates the slate of the port at the time it 1.5
read.

If a match occurs while IP ia a]mndr pet, an
error condition exists. If the Interrupt On Errer

if IOE is 1 after the firet IF 1s cleared, it is
automatically set to 1 along with the Interrupt

. Error (EAR) {lag. Matches occurring while ERR
_in set are ignored. ERR is cledred when the
__corresponding IP is cleared.

When a pattern-match is present in the OR-

'Prlnn'q- Encoded Vectior mode, IF is set to 1.

The IP cannot be cleared unfil a maich s no

™ langer present. If the interrupt vector is allow-

ed to Include status, the vector returned dur-
ing Interrupt Acknowledge indicates the
highest pricrity bit matching its specification at
the time of the Acknowledge cycle. Bit T is the

" highest priority and bit 0 iz the lowest. The bit

initially causing the interrupt may not be the
cne indicated by the vector If a higher priority
bit matches before the Acknowledge. Once the

Y : 3 o
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Functional Acknowledge cycle is initiated, the vector Is
Description  frozen until the correspending IF is cleared,
(Continued)  Where inpasts that cause interrupts might

change before the interrupt'is serviced, the 1%s
catchor can be uzed to hold the value.
Beceuse a mo-match to match transition 1s not
raquired, the source of the interrupt must be
cleared before IP s cleared or else a second
interrupt is generated. No error detection is

= parformed tn this mode, and the Interrupt On

. Emm'hil: should be sat 10 0.

Ports with Handshake Pattorn-Recognition
Dpamﬂu.u In this mode, the handshake logic
" * mormally comtrols the seiting of IP and,
- therefore, the generation of interrupt requests.
“ The pattern-match logic controls the Pattern-
Match Flag {PMF). The data Is compared with
_ the maich patiern when it is shifted from the
"', Buffer register to the Input reqgister (input port)

A yhe Buffer register (output port). The paltern ’
== ' match logic can override the handshake logic
"~ In cerlain situations. If the port is programmed
to interrupt when two bytes of data are
available to be read or wrilten, but the first
byte matches the specified pattern, the
+ sl pattern-recognition logic sets IP and generates
= an interrupt. While PMF is sei, IP cannot be
w0 Lo cleared by reading or writing the data
wisie o registers. 1P must be cleared by command. .
+fiii: The input register iz not-emplied while [Pis : -

edanes w0 Veel; nor s the. miput register :Ilﬂad until IP‘ Io; oot
"-'-'-ff!-i:f-' «d acleared. - Bawranity, #7 9
e ! e b patsi If the lnif.-n-up! an Mﬁtch Gnir EIMO'} b]t s
gal, [P is sel only when the data matches the
sarnoes o pattern. This s uselul in DMA-type application
sz | oo when infermepts are required unly aﬂsr a block -
Wsiling +of data Is lrensierred. . P

Counter/Timar Op-ru-l!-on, The thm-a

) e r-l' 17, Indepandant, 16-bil counter/timars conaist-of a

+ 4175 = presatlable 16-bit down counter, a 16-bit Time
. 2l :Constant register, .a 16-bit Current Counter
: st mf o-regleter. an B-bit Mode Specification reglster, -
¢ A 1207 £ an B-bit Command and Status regisier, and the -
1z Thantn cassociated -control-logic, that links thnn reqi.ﬁeﬂ
¢ aBgpE werngd g g { zenoueT it o

Gl e L AR S R T

e = L or when it is shifted from the Outpul register to

Fanctlon Ty C/Ty CiTy
Counter/Tlmer Chatpul FB4 FBO PCO
Countse Input . PB5 _ PB1  PCI
Trigger Inpaat FB & PR 2 PC2
Gate Input FB7 FB3 PC3

Tahbls 2. Counter/Timar External Aoceas

The flexibility of the counter/timars is
enhanced by the provision of up lo four lines
per counter/timer (counler input, gate input,

‘trigger input, and counter/timer output) for

direct external control and status. Counter/

" Timer 1's external I'O lines are provided by

the four most =lgnificant bits of Port B.
Counter/Timer Z's are provided by the four
least algnificant bits of Port B. Counter/Timar
s extornal 1/0 lines are provided by the four
bits of Port C. The utilization of thesa lines
{Table 2} is pregrammable on a bit-by-bit basis
via the Cuunter.l"l‘kmar Mode Spaclﬂutim
registers,

When external counter.l"urnor 'O lines are
to be used, the associated port lines must ba
vacant and programmed in the proper data
direction. Lines used for counterlimer /O
have the same characteristics as simple input
lines. They can be specified as inverting or

- -noninverting; they can be read and ueed with
“the pattern-recognition’logle. They can also
“Include the 1's catcher Input. -

“HCounter/Timers'1- and 2-can ba linked inter-
nally in three different ways: Counters Timer
I's output (inverted) can be used az Counter/

‘Timer ¥'s trigger, gate, or counter input,

When linked, the countarflimers have the
same capabilitles ag when used separately. The
only resiricilon {s that when Counter/Timer 1
drives Counter/Timer 2's count Input,

* Counter/Timer 2 must ba programmed with

Ita external count Input disabled.

“ There are three duty cycles available for the
Hmer/counter cutput: - pulse, ‘'one-shot, and
square-wave:;’ Figure 10 shows the coynter/
timer waveforms. When the F:.ilaa moda

- * 1 . T
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Functlonal

Description
. {Continued)
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is specified, the cutput gees High for one
clock cycle, beginning when the down-counter
leaves the count of 1. In the One-Shet mode,
the output goes High when the counter/timer ls
triggesed and goes Low when the down-
counter reaches 0. When the square-wave cut-
put disty cycle Is specified, the counter/limer
goes through two full sequences for each
cycle. The initial trigger causes the down-
counter o be loaded and the normal count-
down sequence to begin. If a 1 count is
delected on the down-counter’s clocking edge,
the output goes High and the time constant
wvalue is reloaded. On the clocking edge, when
both the down-counter and the cutput are 1's,
the cutpul is pulled back Low.

The Continucus/'Single Cyele (C/SC) kit in
the Mode Specification register controls opera-
tion of the down-counter when Jt reaches ter-

: . minal count. If C/EC is 0 when a terminal
. count is reached, the countdown sequence

stops. If the CI'E bit is ] each time the count-
down counter reaches 1, the next cycle causes
the lime conslant value to be reloaded. The
time constant value may be changed by the
CPU, and on reload, the new lime constant
value iz loadad.

Counter/timer upcare.l]m require loading the

. Hime constant value in the Time Constant
. register and initiating the counidown sequence

by leading the down-counter with the time
constant value, The Time Constant reglster is

, accessed as two B-bit registers. The registers

are roadable as well as wrilable, and the

: . .access order is irrelevant. A 0 in the Time

o+,
"

Constant register specifies a lime constant of

.. 65,536, The down-counter is loaded in one of
.- thres waye: by writing a 1 to the Trigger Com-

creturns 0.

. .mand Bit (TCB) of the Command and Status
-, yeqister, on the rising edge of the external
- trigger input, or, for Counter/Timer 2 only, on

fhe rising edge of Counter/Timer 1's Intarnal .
outpat if the counters are linked via the irigger .
input.-The TCE is w:ila-onl:.r, and read alwu,.ru 4

Coce the do'-m nnuntar Is luuded tha Sl

- down sequence continues toward terminal

count as long as all the' counter/timers’ hard--
ware and scftware gate inputs are High. If any -
of the gate inputs goes Low (0), the oountdwn
halt=. It mﬂmﬂhﬂn all gate inputs are 1
again.

The reaction o l:rl:;qars n-c::urrmq :Iurlnq- a
countdown sequence is determined by the stale
of the Retrigger Enable Bit (REB) in the Mode
Specification-register. If REB is 0, retriggers
are ignored and the countdown continues nor-
mally. If REB is 1, each trigger causes the
down-counter to be reloaded and the count-
down sequence starts over again. If the cutput
is programmed in the Square-Wave mode,
retrigger causes the saquence to start over
from the Initial load of.the lme constant.

- byle Is performed. .

The rate at which the down-counter counts is
determined by the mode of the counter/timer,
In tha Timer mode (the External Count Enable
[ECE] bit is 0), the down-counter is clocked
internally by a signal that 1s half the frequency
of the PCLE input to the chip. In the Counter
mode (ECE iz 1), the down-counter |s decre-
mented cn the rising edge of the counter/
Hmer's ecunter input.

Each time the counter reaches terminal
count, ite Interrupt Pending (IF) bit iz et to 1,
and if interrupts are enabled (IE=1), an inter-
rupt Is generated. If a terminal count occurs
while IP is already sel, an internal error flag is
gt Az soon as [P is clearad, it is forced to |
aleng with the Interrupt Error (ERR) flag.
Errore that eccur after the internal flag is set
are ignored.

The state of the down- counter can be deler-
mined in two ways: by reading the contents of
the down-counter via the Current Count
reqgister or by testing the Count In Pregress
(CIP) etatus kit in the Command and Status
register. The CIP status bit is set when the
down-counter is loaded; it is resel when the
down-counter reaches 0. The Current Count
register is & 16-bit register, accessible as two
8-bit registers, which mirrors the contents of
the down-counter. This register can be read
anytime. However, reading the reglister is
asynchronous te the counter's counting, and
the value returned is valid only if the counter
is stopped. The down-counter can ba reliably
read “on the fly” by the first writing ol a 1 to
the Read Counter Contral (RCC) bit in the
counter/timer's Command and Status register.
This [reezes the value in the Current Count
reglister until & read r.:l the least significant

afrug.

Interrupt Logle ﬂpﬂuﬂn:- The CIO hu five
potential sources of interrupts: the three

- counterfimers and Ports A and B. The
: priorities of these sources are fixed In the

following order: - Counter/Timer 3, Port A,
Counter/Timer 2, Port B, and Counter/Timer
1. Since the counter/timers all have equal
capabilities and Poris A and B have equal

“capabilities, there is no adverse impact from

the relative pricrities.
The CIO interrupt pricrity, relative to cther

‘compoments within the system, Is determined

by an interrupt daisy chain. Two pins, Inter-
rupt Enable In (IEl} and Interrupt Enabls Cut
(IEQD), provide the Input and cutput necessary

" {o implement the daisy chaln. When IEl Is

pulled Low by a higher priority device, the
CIO cannot request an interrupt of the CPUL
The fallowing discussion assumes that the IEI
line is High.

Each source of interrupt in the CIO contains
three bits for the control and status of the
interrupt logic: an Interrupt Pending (IF)

. status bit; an Interrupt Under Service (IUS)
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Description
(Continued)

status bit, and an Interrupt Enable (IE) contrel
bit. IF fs set when an event requiring CPU
intervention occurs. The satting of IP results in
forcing the Interrupt (INT) output Low, i the
associaled IE is 1.

The IUS status bit is set as a result of the
Interrupt Acknowledge cycle by the CPU and
iz set only if its IP is of highest priority at the
time the Interrupt Acknowledge commences.
It can also be sat directly by the CPU. Its
primary function 1s to control the interrupt
daiey chain. When sel, it disables lower pricr-
ity sources in the daisy chain, so that lower
priority interrupt sources do not request ser-
vicing whille higher priority devices are being
eerviced.

IhulEhll'.proﬁdmﬂm CPUwilhn means of
masking off Individual sources of interrupts.
When IE is s=t 1o ], interrupt is generated nor-
mally. Whasn IE s sal to 0, the 1P bit is sat
when an event occurs that would ild normally
require service; huwmrer, the INT output Is not
forced Low.

The Master Interrupt Enable (MIE) bil allows
all sources of interrupts within the CIO to be
disabled without having to Individually sst
each IE to 0. 1f MIE is set to 0, all IPs are
masked off and no Interrupt can be requested
or acknowledged. The Disable Lower Chain
(DLC) bit is included to allow the CPU to
modify the sysilem dalsy chatn. When the DLC
bit is set to 1, the CIC's IEO is forced Low,
independent of the state of the CIO or its IEI

input, and all h:nur priocity devices' Interrupls
are disabled.

Az part of the Interrupt Acknowledga cycle,
the CIO is capable of responding with an B-bit
Interrupt vector that spectiies the source of the
interrupt. The CIO contains three vecior
registers: one for Port A, cne for Port B, and
one shared by the three counter/Umers. The
vector output is inhibited by setting the No
Vector (NV) control kit to 1. The vector output

. can be modified to Include status Information

{o pinpaint more precisely the cause of infer-
rupt. Whether the vector includes status or net
Is contrelled by a Vector Includes Status (VIS)
control bit. Each base vector has its own VIS
bit and is controlled independantly. When
MIE = |, reading the base vector register
always includes status, independent of the
state of the V15 bit. In this way, all the infor-

~ mation cblained by the vector, including

status, can be obtained with one additional
instruction when VIS is st 1o 0. When

MIE = 0, reading the vector register refurns
the unmodified base vector so that it can be
verified. Anocther register, the Current Vector
register, allows use of the CIO In a-polled en-
vironment. When read, the data returned is

" the same as the interrupt vector that would be
«putput in an acknowledge, based on the -

highest pricrity IP set. If no unmasked IFs are
sat, the value FFy is returned. The Current
Vector register ls road-only.

Programming

The data registers within the CIO are
directly accessed by address lines Ag and A
(Tabla 3). All cther internal registers are

accessed by the following two-step sequence, ~. -

with the address lines specilying & contral

operation. First, write tha address of the targat”

register o an internal 6-bit Pointer Reglster;
then read from or write to the target register.
The Data registers can also bnumaadhr
this methed. _

An internal state mar:.h!ner determines H .0
. accesses with fig and A) equalling 1 aminthﬂ -

Pointer Register or to an internal control
ragister (Figure 11). Following any control .
read operation, the state machine is in State 0

. (the next control access is to the Pointer
; Register). This can be used to force the state

machine Into a known state. Control reads in
Stmﬂmmnmumﬂm-hdmular

et & et

& & Hegirier

0 0 Port C's Dala Register
o} Port B's Data Register
1L -0 Port A's Data Regisier
1 1 Control Registers

‘Table 1. Reglsier Selection

.rpointed to. Therefors, a register can be read

continuously without writing to the Pointer.
While the CIO is in State 1 (next control
access | fo the register pointed lo), many
intarnal oparations are suspended—no [Pr are
sot and Internal status is frozen. Therefors, to
minimize interrupt latency and o allow con-
tinuous siatus updntm the CIO should not be

-+ ledt in State 1._,,

*The CIO is reset by forcing ED and WE Low
simulianecusly (normally an illegal condition)
or by writing a 1 to the Reset bit. Resat
disablas all functions except a read from or
_ write to the Heset bit; writes to all other bits
are ignored, and all reads return Oly. In this
state, all control bits are foreed to 0 and may
be programmed only after clearing the Reset
bit (by writing a ﬂ'h ).

MOTE: M:Luq-mﬂdmlrvhnjghll = ], He other
accnass have alfect,

: Flgare 11. Bigie Maochins Oparatlon
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Master Interrupt Control Reglster
Address: 000000
(ReadWrite}
Ellﬂﬂ I:HEHBBIH i

m-mmm
TUE (78 Viky
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WKIHT JUSTIFIEG ADCALERE

o EHIFT LEFT Uy Frows &80

1= MEIHT JUSTIFY [hy frivs Alld
T CATRT RS VICTOR

LHCLLE S RTATUS T Wil

- Master Configuration Contral Register B
Address: 000001 ;

iy (Read Write)
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Pert Mode Specification Regletera
Addresses: 100000 Port A -

et 101000 Port B "
. 1o (AeadWrite) ‘ o

Port Hondshake Specliication Registers
: Addresses: 100001 Port A
AT e . . 101001 Port B
AR A {wam]
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! wrain - LA = 001001 Fort B e
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Registors Data Path Polarity Reglsters ' - Tretneel Data Direction Reglsters
{Continued) Addressea: 100010 Port A Addressas: 100011 Part A
101010 Port B 101011 Pert B
z 000101 Port C (4 LSBs enly) 000110 Port C (4 LSBs cnly)
(Read Write) 1 {Read/Writs)
[os [ o Toa T [ [ {2 | [0 [ o [ [ 2 [ 00
TR R, - S| e
i e Py i -
g il " | Special /O Control Reglsters
; +  Addrosses: 100100 Porl A
LELEy 101100 Port B
* 000111 Port C (4 LSBe only)
-- (Read/Write)
- o PR
x g e
@
zotripn e el isg Figare 14, Bt Poth Delinition Reglsters a
2 4 : ; g2
FPort Data Reglsters - Port C Data Register
Addresses: 001101 Port A® Address: 0001111*
001110 Port B* (FoadWrile)
ReadWrile)
e 4 FEEEEEER
BEE!HE!BEHE S | | $t
g | Sl | |
: e TarWTEL AR
i WD) L
i i e fras Ferial
3 I RANAS l_-'L
S e e e o e,
Al g VR 4
ngw.l_s_..mmnm
Pattern Polarity R m'f} i
Addresses: ‘ooro! PotA - - [alslssisis]sla)
y * 101101 Poct B - . “"“—"": o
'~,Mma}'- = -
'_.-:..'r". st T e, AGLETD
memmmﬂwm
M:lnu- 100110 Port A ___ [ ]o]oouloe o] | e e pomm ercncamon
17101110 Port B L 2 L _—".—.'—: § 1 T v tmisamon !
wﬁm e G a IEREE i
LK - TR 1 1 & ONETOITRD TRANBTION
THs '.-:.I: oo T 1 1 IERD-TO-DRE TRANETION
Pattern Mozk Reglsters (PM)
mm- mluma e[ ]esTeu [ouon o, o |
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Reglsters -
{Continued) *

sy

Counter/Timar Command and Status Reglsters
Addresses: 001010 Countes/Timar. 1
001011 Counter/Timer 2
001100 Counter/Timer 3
{Read/Partial Write)

BT o] o o [ o

BT ERLFT EMABLE 800 * tmummumm
CARET DRLY - READ RETVRNE
QATE DOMMAHG BT LR

]
L

R L AR AR WNITTIN Liad
E ' . THE POLLOWING $ODE
L EoeE
(=T 0
TS

" cuan wi

Y s
CLLAR
T
-ELEARIE

a5 wnmuet ernos mam
AR CHLT)

M E B N ) ) [ See——

a|lalmim|m]=e s

]| sf o]

set e o Counter/ Timer Mode Bpecification Reglsters
- ' ... Addressss:. 011100 Counter/Timer 1. .o o m
011101 Counier/Timer 2 -
011110 Counter/Timer 3
{Hﬂdﬂ'frna-]

. : 9 -_Ewmhm
LELLCTH BCK
i i i s ]
: :mmumm o
e ' WMAELE W EE Hi
1 L ] A

S, # TERNAL EOUMT
ERAILE [ET)

AL TEAESTR
ERARLL AT

P el ol e D e 1
__Counter/Timsr Current Count Reglsters ... oo cm -
A.dcl.n:uul 010000 Counterf/Timer 1's M3B &

[ ial i 010001 Counten/Timer 1's LSB
o T 510010 Counter/Timer 28 MSB
3 s e 010011 Coundor/Tiner ZaLSB
010100 Counler/Timer 3's MSB

010101 Cuumnrﬂ‘tmu-r s L5SB

e = {Handﬂnlﬂ : -rr.n i 17 e 7

e m
i

T 'E,'a.]u‘]o,ib.lb.!n.jnpj CES n-.|n. b. D.thl
': L M
“1-___._! ' !_".._;M

i ; : R ART
! wrie W

! Pl it -8 dneit r'vtrl"r‘t

" S ——

A o el

. Countes/Timer Time Constant Reglsiers
Add.lm 010110 Counter/Timar 1's MSB
010111 Counter/Timer 1's LSB
_. 011000 Counter/Timar ZT's MSB
“* 011001 Counter/Timar s LSB
ﬂllﬂlﬁ_cmnlntﬂ'imr e MSB
011011 Counter/Timar 3's LSB

(FoadWrite)

B e e e T o e e o.-p.l
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Figurs 17, Countar/Timer Registers
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Reglsters z Interrupd Vector Reglster Cusrent Vector Reglater ptattol
(Continued) Addresses: 000010 Port A *  Address: 011111
000011 Part B - (Read only) -
2 000100 Counter/Timers
{RoadWrita) 0 o 16 0 [ 2o B 1
EEEEEEE] o
T R ases
3 TERALFT YECTO o :_r?'.“#mf_
ST YRCTER FTATS :
: | PRSHITY ENCODIR YETTOR MODE: f i .
E BaB : " ph
, ol u B8 B HUMBER OF HGHEST FRIORTY BT o e A ey
i - TH A e
- % AL TieER WOBER -
T . - =i e f o -
T : : .
: COMTERTIALA ETATY :
--------- s " e - o
i =4
[ [ i
FREL Py PR T ST FIREETTL Sl e T - R R T Y i E
Lo 2 e A Flgurs 18, Intsrrupl Vector Reglaters ol T R 3
- I - n
Reglstor Maln Contrel Registers * Pest K Specificatlon Reglaters
Address Address Feglster Hame Rddresa BRagisies Hame
Bummary QOO0 Mastor Interrapt Control 160000 Port A% Mode Specilication
: [l Bastar Configuration Control 100001 Port A Handshate Specification
- DoOO1D Fort A's Interrupd Vector 100010 Port A's Data Path Polarity
C 000Nl - Pest B Inberrupt Vestor 10001 1 /Port A's Data Direction
000100, .. Counter/Timer's Intorrupt Vector 100100 . . -Pori A% Spocial VO Contral
0oa101 Fort C's Data Path Polarity 1oa1o] . Port A% Patiern Polarity
000110 Fort C Data Direction 100110 Port A's Patlern Transition
ool Port T Special 1O Contral 100111 Part A's Pabiorn Mask
- St
_ Most Often Accessed Reglaters e i Fort B Speciflcation Reglsters
Fildras Eogister Hame i i HAddross Ragister Hame
% 5 001000 Port A's Command and Stabia™" "~ " 7 101000 Fort B's Modo Specification
001001 Fort B's Command and Statas - ° 101001 Port B's Handahake Spacilcation
001010 Counter/Timer 1's Command and Status 101010 Port B's Data Path Polarity
0a1011 Countar/Timer s Command and Stabus 101011 Port B's Dala Direciion
Q01100 CounterTimer ¥y Command and Status 161100 Part B's Special V'O Contrel
oon1o1 Port A's Dot {can be acossed directly) 101001 Port B's Pattern Folarity
0on110 Port B's Dats (can be sccossad directly) === - 101110 Fort B's Pattern Transition .
ollil Port C's Data {can be acosssed directly) 101111 Port B's Pattern Mask
Counter/Timer Reloted Reglsters L
0000 Counter/Timer 1's Current Count-MSBs . !
S ono0o] CournlenTimer 1's Current Count-LSHs ~ w37
16010 Counter/Timer 2's Current Cound-MSBs &
010011 Cournlen/Timer 28 Current Count-L5Ba .
010100 Counten/Timer 3's Current Cound-MSBs
010001 Courter/Timer s Current Count-L5Hs i
010110 Courier/Timar 1's Time Consiant-M5Es :
Qlonll Counten/Timar 1's Time Constant-LSEs
011000 Counter/Timer Ts Tims Constant-MSEs
011001 Counter/Timer T's Time Constant-LSEs a3
o11010 Counter/Timer s Time Cornstant-M5Bs i
011011 . CountenTimer s Time Constant-L5Bs - |
011100 Counter/Timar 1s Mods Spacification ;
o110 Counter/Tumer s Moda Specification
ol CountenTimer ¥s Mode Speciilcation - .
01111 Current Vector
Hie0is 465
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Timing Read Cycle. At the beginning of a read cycle, Write Cycle. At the beginning of a mila-
the CPU places an address on the address bus. cycle, the CPU places an address on the data
i Bita Ag and A specify a CIO register; the bus. Bils Ag and A specify a ClIO register; the
remaining address bils and status information remaining address bits and status information
are combined and decoded to generate a Chip are combined and decoded to generate a Chip
Enable (CE) signal that selects the CIO. When  Enabla (CE) signal that selects the CIO., When
Read (RD) goes Low, data from the specified WH goes Low, data placed on the bus by the
register is gated onto the data bus. CPU is etrobed into the specified CIO register.
O D G G " ———"
® \: / & A /
W e B e L b e
1‘:;-; [ 1‘ BEAD DATA ," [ { WRITE BT }——-—---
P
j;:’ Flgurs 15. Read Cycls Timing Flgurs 20. Writs Cycls Timing
= o % :
{ "&‘_'  Interrupt Acknowladge. The CIO pulls iis CIO forces Interrupt Enable Cut (IEQ) Low, -
N Interrupt Requuest (INT) line Low, requesting " disabling all lower prierity devices in the Inter-
interrupt service from the CPU, if an Interrupt rupt daisy chain. If the CIO is the highast
Pending (IP) bil Is set and interrupts are priorily device requesting service (IEl is
enabled. The CPU responds with an Interrupt High), it places its Interrupt vecior on the data
Ackmowladge cycle, When Interrupt Acknowl- bus and sets the Interrupt Under Service (IUS)
edge (INTA goas true and the IP is set, the kit when Read (RD) goes Low. '
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Absolute Valtages on all inputs and cutputs Stressss greater than thoe Heted under Absolute Maxt
Maximum with respectto GND'. . .....uus 0.3Vito +7.0V  mum Ratings may couse permanont damage 1o the davice.
: : This is & siress rating only; operation ol the device at any
Ratlogs Operating Amblent condiion above thow indicsied In the aporational sections
Temporature ...... rted Do Ak, Az Specliied In specilications s not implied. Exposure to absolute
; Ordering Information ::,.,n;“ mug-nmdum far mxtorded periods may affect
Storage Temparature. . ......-685°Cte +130°C :
Standard The characteristica below apply for the "B +475V 5 Voo < +5.25V
i Test following standard test conditions, unless -~ g GND =0V .
"  Conditlons  otherwise notad. All voltages are referenced to
GMD. Pesitive current flows into the refer- . W T4 as specified in Ordering Information
enced pin. Standard conditicns are as follows: All ac parameters assume a load capacitance
; _ «  of 50 pF max.
H = r e T +i
'*?' Frowu - Lk,
‘e i, Cwei et .
3 o L RO GIFTIRIE (7
=5 wwtn fidT (=1
{' E . : -#I @
' ek w g
Figurs 22. Btondord Test Load « FHgure 23, Open-Draln Test Load
Dc Symbal Paramatar Min Max Unit Conditlon
. Charac- -
teristica vm Input H'ﬂh \Foltdqe : 20 v[p:#ﬂ‘.g Y
Yy Inpist Low Voltage © 0.3 08 v
Ve ~ - Oulput High Vollage 1 T v log™ =250 ph
7 Vo /" Output Low Voltage e L loy™ +2.0mA
h oty e o o Y= g5 v L= +32mA
L b S T SR [ - t[.mhm a :_ B "__ 5 "'"_"?'W-ﬂ' kT =V = +24 "."_
Ly Output Leakage o e B 2100 7T 0.4 = Vour s 424V
I Voo Supply Current e 0 mh -
Wog= 5V & 5% unless ctherwivs specilied, aver specilisd tempessture rangs..
Capacitance  Symbal Parameter © Min Max < Unli Teat Condlilen
: Cp.. . Input Capaciiance _ - - 10 pF
\ / 5 u Unmeasured Pins
7 \ Cour . Output Capacitance G SRS - pF Returned to Ground
\ Cio Bidiroctional Capacitance | - = 20 pF
{ s 1 MM, over apecilied hnpﬂ;hul raTge. T
o 2 4-\..;“4.-.-. o o e R o B e A T AL S A L . N e e B g L T R e .
SERHN x At LR
e Lt
e et e
: R ton e oy gy R - A i -
R e R L - ¥
b e, UETE dmi Lt
e AP
e ot ST L L
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Ho. Symbel Parcmster Min  Max Min Mo Hotea*t

1 ToPC PCLE Cyele time 250 4000 165 4000

2 TwPCh PCLE Width (High) 105 2000 70 2000

3 TwhCi PCLE Width (Low) 105 2000 N 2000

4 TPC PCLE Rise Time 20 ]

5 —TIPC PCLE Fall Tirme 20 15

& TalA(PC) INTACK to PCLK 1 Setup Time 100 *100

7  THIA(PC) IRTACE 1o FCLK 1 Hold Time T 0

B TsA(RD) TRTACE to fiD | Setup Time 200 200

8  ThIA(RD) INTACK to D 1 Hold Time 0 0

10— TslA{WH) —— TNTACK 1o Wh | Setup Time 200 200

11 ThIA(WR) INTACE to WH 1 Hold Time fl] 0

12 TeA(RD) Address to RD | Setup Time 80 80

13.. THA(RD) ... _ Address to AD.1 Hold Time ... .. . i i : A
14 TsA{WR) * Address 1o WR 1 Setup Time "~ e 80 musiedl
15 — ThA(WR)——— Address to WH 1 Hold Time - 0 0 —
16 TeCEWRD) CE Low to fID | Setup Time 0 0 1
17 TeCEMRD)  CE High to FID I Setup Time 100 70 1
18 ThCE(RD) CE to BD 1 Held Time 0 ] |
19 T«ZENWR) CE Low to WH | Setup Time [] 0

20 — TsCERWR)—— CE High to WR | Setup Time 100 70

21- ThCE(WR) CE o WR 1 :-{.:m Tlma 1] [i]

22  TwRDI FD Low Width - B ] 0 1
23 TdRD(DRA) ~ fiD 1 %o Read Dala Active mhr s ot | PR LR

24 TdRDIDR) fD 1 % Read Data Valid Delay - - . 55 180

25— TdRDA{DR)—— FD 1 o Roead Data Not Valid Delay 0- = 0

25 TdAD{DR:) EihRudDthh«chhr R 70 45 2
217 TwWRI WA Low Width 30 20 . < PR
2 TsDW(WR) Writs Deata to WH | S-uhlp'ﬂrm 0 0 i
2 ThDW(WR) Write: Data to WH 1 Hold Tima - "0 0

B0 Tre Valid Access Recovery Time 1000°:5 650 3
31  TdPM{INT) Fattern Match to TNT Dalay (Bit Port) . 24800 2 &
32 TAACK(INT)  ACKIN to TNT Delay (Port with Handshake) 104600 10 4,6
3 TdCHINT)  Counter Input to INT Dalay (Countar Mode) 24700 2 6
3 TdPC(NT} .. PCLE %o IRT Dolay (Timer Mode) S i 11 3 [
3 TdARDA)  INTACK oFD | (Acknowledge) Setup Time 350 o1 | 250 5
3% TwRDA H (Acknowledge) Width b 350 3 250
37 T4RDA(DR) FD | (Acknowledge) to Read Data v.m Delay iR 1] 180
3 TLIAIED) INTACK | to IEO | Delay e 3|/ C 250 5
39— TdIEKIEC)——IEI to IEO Dela 150 100 5
40  THERDA) 1El . HIT | (Ackm-rl-dq-} Setup Tl.me i 100 - 70 5
41 ThIEWRDA)  IEItoHD i{Acknowledge) Hold Time - 0" ~7100,. <
42 TJdADA(INT) —~ Dt (Acknowledge) to INT 1 Delay - 500 600

NOTES:
L. Parameler dess not apply to Interrupt Acknowledge trans-

wothona,
1 Floal delay bi masmred 16 the lime when the output has
changed 0.5 V with minimum ac baad and mazisue de load,
A Treis the specilind rumber or 3 TcPC, whichewsr i longer.
4. The delay is from DAY § for 3-Wire laput Hardsbake, The

m-mmmm;m-oummm

3. The % lor the ok

i Ay clatay chain
st mesl the following constmint; The delsy from INTACE | -

fo HD | sl be grester than the sam of TAIA(IED) lor the
bighas! pricrity pulphmll._‘.l'llﬂﬂml lir the leweil peiariy
peripheral, and TAIEKIED) lor sach paripharsl ssparsting thes
i1 the chatn,
. Units are equal io TePC plus ne.
* Timings are preliminary and subpect bo charse. All lising relar
snces amums 2.0 ¥ bor a bagic =17 and 08 V for & logas "0T.
1 Units in nancssconds (pal, szcept as noled.
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¥ 1 T

: A 4 MH: & MH: .
He. Symbal Parameter : . Min  Max Min  Max Hotes*}
1 TaDI(ACK) Data Input to ACKIN | Setup Time 0 0
2 ThDIACK) Data Input to ACKIN | Hold Time— A
Strobed Handshake A S T
3 T4ACKHRFD) JACEIN | to RFD | Dalay 0 0
4  TwACEKl . ACFIN Low Width—Strobed Handshake G
5— TwACEh - KO High Width—Strobed Handshake
6 TdRFD{ACK) RFD 1 to ACEIN I Delay B L 0 0
7 TDO{DAW) Diata Cut to DAV | Setup Time - 25 0 1
8 T4DAVHACEK) DAV 1o ACKIN | Delay ] 0
9 ThDO{ACE) Data Out to ACEIN | Hold Time R 2 2
10 — TAACK(DAV) — ATEIH | to BAV 1 Dalay 2- 2 72—
11  THDIRFD) Data Input to RFD | Hold Time—Interlocked
T '_Hl:nd'.'s}mh s = S
12 TdRFDI(ACE) — RFD i to ACKIN | Delay Interlocked Handshaks o 0
13 TdACKrRFD) ACEIN { (GAV 1) to RFD t Delay—Interlecked and ' _
" 7. 3-Wire Handwshake (1] R e Tl R S
14 TdDAVAACK) ' DAV to ATRIN 1 (RFD 1)—Interlocked and 3-Wire o ;
! Handshake i (1] 0
15 — TIACK(DAV)— ACTEIN 1 {(RFD 1) to BAV | Delay—Interlocked and
3-Wire Handshake ] 0
16 THDAVIHDAC) DAV to DAC | Delay—Input 3-Wire Handshake o 0
17 ThDIDAC) Data Input to DAC | Hold Time—3-Wire Handshake 0 (1]
- 18 TdDACOR(DAV) DAC 1t DAV 1 Delay—Input 3-Wire Handshaka o 0
19 TdDAVIKDAC) DAV 1 to DAC | Delay—Input 3-Wire Handshzke o ]
20 — TADAVOHDAC) DAV 1 to DAC 1 Delay—Output 3-Wire Handshake — 0 ————0
21, '.nzDomA.c‘j Data Output to DAC | Hold Time—3-Wire R R TR T
Handshaka 2 L i i 2
22 TADACIKDAY) DAC 1 to DAV | Delay—Cutput 3-Wire Hmd.hun 2 a0 2-
23 TdDAVOr(DAC) DAV 1 to DAC | Delay—Output 3-Wire Handsheke 0 1]
o
1. Tmummhmﬂdndlhuqh#-mddubruum * Timings are preliminary and wshieci to change. All iming refer
2. Units egaal ta TePC, o ences assume 2,0 ¥V lor a logic "17 and 0.8 ¥ lor & legie "0,
3 J .' Ly Lelngda = Uniis Iﬂw-ml. axoegd a8 nobed, !

Mkt - T e R N i
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4 MHx & MHz
Ho. Symbeol Porameter - Min Max Min  Meax Hotes*t
I Tl Counler Input Cycle Time 500 330
2 TChh Counter Input High Width 230 150
3 TwCil Counter Input Low Width 230 150
4 TIC1 Counter Input Fall Time .1 15
& — TrC] ———— Counter Input Rise Time .1 ] 15— -
& TeTIPC) Trigger Input to PCLK | Setup Time (Timer Moda)™ , D
TR T TaTHCD Trigger Input to Counler Input | Selup Time ol -5 i
{Counter Mede) ; g i AP b 1
8 TwTl Tri-, ger Input Pulse Width (High or Low) .
8 T«GHPC) Gale Input to PCLE | Setup Time (Timer Meda) 1
10— T«GKC) Gate Input to Counter Input | Setup Time
(Counteg Moda) 1
n . ThGIHFC) Gate Input to PCLE | Hold Time (Timer Mode) L1
12 * ThGHCH Gale Input to Counter Input | Hald Time o
{Counter Mode) 1
13 TdPCCO) PCLE to Counter Output Delay (Timer Mode)
14 TdCHOO) Counier Inpul to Counter Cutput Dalay
(Counter Mode)
BOTES: !
* Tissinga ave praliminary asd pabject 1o change, Al tming refes

1. Thess paramsiers masl be mot b guarantes irigger or gate
are valid for the pext counten’ilmer cyche.

wnces assass 20 V for 8 bogic "1™ and 0.8 ¥ lor a logle "0,

1 Usnits In sescseocaeds (sl
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il i e

! ; g : 1 .' ; - - - - el
¢ B —"—\, : / £
r &R _’Il‘
Bt 0. I [ B,
¥ -|—®-—--+ ; -l+h
— ks _{:)' - i '{:#._
e s \ /
[k R ) T
{3} (@
Wit . y,
= W .
3 i q
o :
] ? 4 MH:z i & MH:z
Ho. Symbel Paramsler SR L e Min - Max - Min Max . Hotes*t
1 TdRINREQD) RD | t= REQ | Delay 500
2 TIRINWAITY  HD | 0o WEIT | Delay 500
3 TAWR(REQ)  WE | to REQ | Delay 500
4 TAWR(WAIT) WR | to WAIT | Dalay 500
5—TdPC{REQ}——PCLK I to REQ | Delay 300—
6 TAPC(WAIT)  PCLK 1 to WAIT 1 Delay #az 300 a0 Ve e e o |
.7 TAACK(REQ) ACKIN ! to REQ | Delay , B+100 12
8 TJACK(WAIT) ACKIN ! to WAIT | Delay . 10+ 600 _ B
1. The delay s fromm DAY 1 for 3-'Wire Enput Harsdshake, The ** Timings are preliminary and subiect to change. All liming teber-
dalay s breen DAC 1 lor 3. Wirs Oubpeet Hasdshake. 7! 157 ancos assurme 2.0 V jor & logis 71" and 0.8 ¥ dor a logic 0%,
. 2 Units squal to TePC + ns, ] 1 Units in nenoseconds (ra), sacept as noted.
Reset
Timing - *~
L R Al
f Y
3 4 MHz 6 MHz
Ho. Symbol Paroraster Min Mox Min  Max Hotes*t
1 TdRD{WR)  Delay from D 1 to WH | for Mo Reset 50 50
2 T4WR{RD) Dalay fram WH 1 1o AD | for Mo Resst 50 50
3 TwHES Minimoem Width of AL and W both Low for Resst 250 B0
* Tasdngs e preliminary and subject to change, All lising rafer- T Unites in nanoesocnds (na).
n?q-_u“hll?ﬁ:*l'ﬂufhlm'ﬂ'.
2071010, 011 473
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o
-

S —_—— i

e b o

Miscellansous L |'"®
Pert B | 1
ﬂlﬂ-“ﬂ' ANy EPUT _— p }
o, i 5
e CRTCHER
Lol
E l"‘_'ﬁ}_“_"
HATEH :li FATTERM MATCHTE (
i L] el o
3 T DATA TO RE ‘ﬁ *
LATCMED TO
| PATTESS MATCH 1 X
ST 4 MHz 6 MH=
No. Symbol Parameter Min  Max Min  Max Hotes*}
-1 T Any Input Rise Time 100 100
2 TE Any Input Fall Time 100 100
ELE e ' e B i e L
4  TwPM .. Pattorn Matea Input Valid (2it Portl 730 500
w5 TePMD -Data Latched on Pattern Matzh Sotap Time (Bit Port) 0 e 0 o !
€& ThFMD Data Latched or: Fatiern Hatch Hold Time {Bit Porl) 1000 630
HOTES ;
1. I the ingut s programeed invering. o Low-oolaa pehe o the * Teminge are preliminery arsd subpect 0 choage. All timing
s width will bo dotected, Felarennad ssmima 2.0 V lor & logie ™1™ and 0.8 ¥ for & Jogig "0¢

1 Unity bn mesosecsnds (rd).

Ordering Preduct Packuge/ Product Package/

Information Humber Temp - Speed Descripticon Humber Tamp Speed Description -
Rl - o seag CE "40MH: CIO (40-pin) 25%A © CE 6.0MHz "~ CIO (40pin)
gt W ZA535 .. ..CM . 4.0MHz _ Same as sbove ZH536A CM 6.0MHz ' Sime a3 above

28536 CMB 4.0MHz  Same=as above ZHS36A CMB 6.0MHz  Same asabove
28836 ©S . 40MHz  Same as above Z8536A 0 2 CS  60MHz  Same asabove
28536 DE 40MHz  3S:moas above ZRE3GA DE 6.0MHz Same s above
28536 - DS 4.0MHr  Same as above 78536A DS G.0MH:z Same as above
_IB536 PE 4.0 MH: - Samn as above EZB53GA PE 60MHz Samo asabove
78536 - -PS. 7 4.0MHz  Same as sbove 28536A° PS  G.OMH:z  Same asobove
MOTES: © = Cotamte, D = Curdip, P = Plartic E = <40 i + 83°C, M ="-38%C 10 125°C, MB = -&s*cum*c-mm&‘lm
with Class B processing, 5 = J"C e + 052,
e .
et ok vash i et o — WP R | ol o &AL
1 J =, e - &
ATA 408 0020T1E)
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Part No.: 32 958 044

‘Related

MC146818

[

Advance Information

REAL-TIME CLOCK FLUS RAM (RTCI

The MCI4SE18 Aeal-Teme Clock plus RAM 5 a penpheral device
whach mcludes the weiue MOTEL concepl lor use wih vanous
RO GOEISONS, Meciocomiputers, snd larger compulers. Thes pan
combengs theee wnsgui leatuies: a comosete teme-of-gay dock with
slarrn and or Puanciied year CRMTGOE. B ProgIammAkiin peciG WL
nupt and square-wave genesaton, and 50 Dyies of kow power stalc
RAM, Thi MCHETE uies high-soped CMOS technology b interace
waith 1| Mz processor buses, whie consumang waiy kTl powed

Trwp Rial-Tame Clock plus AAM has two dennct uses. Fast, d @
designed §3 8 banery powered CMOS par b an clherwse MMOS/TTL
Fystemi moluding 88 g comman battery backed-up funclions such as

RAM, tirp, aned calendar. Secondly, the MO 146818 may bo used watha |

CMB0S mecropeocessal 10 rebieve the soltware of the tmekeegsng
igad and o d the meadable RAM of a0 MPU such as the

MCHGE06ET.

Low-Pows, High-Spaed, High-Density CMO5

Iepsral Tamee Bage and Oscillator

Counts Seconds, Minutes, arsd Hours of the Day

Ciounts Days of the Weck, Date, Month, and Yes

Ay to 6V Opsrateon

Tene Base bnput Options: 4194304 MHz, 1048576 MHZ, oo

I TR WMz

Time Base Oscifator Tor Paraligd Resonant Crystals

&0 1o X0 W Typical Operating Pawar a1 Low Frequency Teme Base

4.0 10 20_mW Typscal Operating Pawes st High Frequency Tima

-7 S

L N

Birnary of BCD Aepreseniation of Twmo, Calendar, and Alarm

12 ov 2 How' Clock wath AR ard PM in 12-Hour Mode

Daykght Savings Teme Ogtion e,

Automatic End el Month Recognition

Martomates Leap Year Compensation

Microprocessos But Comgpatble

MOTEL Circuit for Bus Universably

Multiplezed Bus for Pin Elficiency :

Interfaced with Soltwane as 84 RAM Locations

¥4 Bytes of Clock and Controd Regrsiens

50 Byies of Goresal Purposs RAM

Status Bit Indecates Data Integnty

Bus Compatible Ineerupt Sigrals RO |

Theoo Interrupts are Separately Soltware baskable and Testable .
Time-ol-Day Alarm, Oncerpar-Second w0 Once-per-Day
Pesicdic Rates from 3005 g 10 500 ms
Engh-af-Clock Update Cycle

& Piogesmenable Square-Wave Duiput Signad .

® Clock Dutput May Bo Used as Micropeocessar Clock Ingut

At Time Base Frequency + 1 or +=4
& 24-Pin Dual-in-Lise Package
& Chep Cavied Alpg Avadabie : = .

L O O BB B B NN

CMOS
IHIGH PERFORMANCE
SHECON-GATE COMPLEMENTARY MOS)

REAL-TIME CLOCK
PLUS RAM

L SUFFI
cARming PACS AGE
CAEE PG

P SUFFLC
PLASEE PACRAGE
Cas{ N

5 SUFFIX
CARERF PACEAGE
CASE &)

Z SLFFIX
Cra* CARRIER
CASE M4

osL
Q562

. ADN

[ e 6 ths e g I
gulfin chap camer ped. Fina That hive nol been
detsgratied fod the cha canied ane fol connacied

31027

oc: 4




#J\".E‘,—di e e ; - :
b p rnpb hatn sl i
MC146818
; o e e
. b Al ot g o
5 FIGLAL | — BLOCK DIAGAAM T DTy
' " .r. 2
= figon [ CROUT
o = Cutpul |y CRFS
OHCH =——ae] 1, Bate ~ L] el _— (1]
o5cy=-—-1 pesirprons & (i g = o | =% Fie
T " ¥ - YW
Poracder interupt! Squece VW Rawe
3 Salacton
x {1-pk 15 Selecoo
] Dzt ? l Sopaare P
1 Comrct | 8 =2 VWaen Dt bl
Vpp —— ir'\l. o
?55——-.-— )
B o] :’ Regissers A, B, €, O pr— FESE
B [—-—-—- & Byies! bt P5
DS —] [ T
ST ] :: Ciack! Coock, Alarm, s
) ST e oy, s Pak
a5 —] 110 Byiesd
AD?{E} BCOV
By =t 2
Irscrerenit ‘
. huer FAM
150 Byaes) -
MAXIMUM RATINGS (Voltsges eelerenced 1o Vig)
Patings = Symibol WValua Uinit
Suppdy Voltsge VoD -03 o +B0 ¥
All Ingrat Veltages. Excegt DSCH Van | ¥55-05%0Vpp+0s | ¥
m'm” Fen Euchating I 1 mA This dhireic CoPLBNG cirzuitry 30 BEteCt the i
B peats pgaerTil camage dus 10 high SRl veltages
“mﬂ":ahwmw o oo wlctnic IS awaver, it 1% advised That nor
L& TH rral precactised it Laken 0 Feoed appicason of
MICI4ERIEC Vpn =20 1 85 V Ta Qw0 - any voltagd g IRa MAETHIT, Fabsd voIEsgs
opanation] e =4 1o 5 o this high-impedance croul. For propes opads-
Storsga Temgaratuns Rargs Tasg =55 m + 150 b i it s rmoormrrarichi Bhat Win 8nd ¥ gy be con-
i the mags VegSiVi, o Vel
=Vpp. Aelablty of coeaton s enhanced il
THERMAL CHARACTERISTICS whused inputs see Ged 19 BN BppROCEADE logic
= Charsciariatis Symbeol | WValos | Lk weitage level le.g . ither Vg5 o Vipo).
Thenmat Rgactancs
Plastic 120
Cardp LITY & | ww
Carame 50
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MC146818

BIBANION

DC ELECTRICAL EHAM(.TEFI‘IETIC_S Vo= 3 Viee, Veg w0 Vde, Tae T o Tiy unless otfwrwiss nobed)
Chansctrites Symbel Min Mg [
Frequency o Opeason [ ] o Ma WHy
Outpul Vinltage [ - [A] &
Iosd=< 10w Vou | Vop-O01 =
Ton - Dus iow
CROUT & fgge, € = 15 oF, S0W Dviables, CE = vpp-02, € 105CH = 40 oF
T = X2 P68 bz ; nna - 50 [
on — Cuseicent opa E =0 A
foae= DC; O5C1= D,
&1 Other Inputis Yoo -Q2 V.
No Clack
Oeulput Hagh Viitage
1Ly ogg= = 0.2 ma, AN Outpuish LT 1 - v
Datpat Liowr Vosage
1 et =10.25 ek, AN Quapus) Vi - 03 v
Irgeut High Vioitsge ADDADT, DS AS RSN LE, | Ve 21 VoD v
RESEY. CEFS. PS5, O5C1 25 Voo
Trwarl Lrws WaHlgs 10 Ingu 51 i V55 [ v
Irgeat Carrmmnd Al el (™3 - il [
Thise State Losiige TRG, ADDADY | isy = =10 b,
DC ELECTRICAL CHARACTERISTICS tvpp =5 Ve & 10%, Vgg =0 Woe, Ta= Ty to Ty unless otherwise foted
Charsciensice Fymbel Min Maw Ulnit
Frequency ol Dpotien Tosc WA | a1 XMW | kHr
Ot Woltige VgL = 0 %
I pga €10 sh ¥ow | Voo .
oD — s ide dEwternad Clochl
CROUT = g, € = 16 pF. SOW Duatled, TF = Voo -0 2 g 005CH = 10 pF
Ty 4 FBAEE Maa o - 3 mA
Tage = 1 Q4516 MeHz ipbz = o i
fopzw X2 768 kHI ipna = & [
ipp — Dwescent InDs - E] i
foge = DC: O5C1=DEC;
All Qeher Inguli=Non =02V,
N Lok
Dutpat High Voilage
o= — 1.6 ma, ADD-ADT, CEOUT) VoM LR - v
iy g™ = 1.0 md, SO
Ot Lpw Viadtage
11y gy 1.6 mef, ADO-ADT, CROUTH VoL - o4 v
[ = 1.0 ma, TR ang SO
Irgeuil Hgh Visitage CEFS, ADO-ADT, DF, A5 RAN TL PS5 Vop-20 )
RESET| Vin | Vop-08 vop W
oz | Voo-10 | vop
et Liows Woltigs ADO-ADT, D5, &%, AW LE| . Vg [T]
CEFS, PS5, AESET | v Vag a8 ¥
051 Weg =]
It Casremnt Al gy [ - 1 A
Teo-State Loakage ADGADT | 'isL - £ | eA
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: BUS TIMING — = it i , =
- ] Voo=50V
; - £10%
i =30V 2TTL and
[ BF Load 120 oF Losd
Mo CRraCTeMIs Symibod | Min Max i [ Urit
T | Crole Term e | SO — | =3 ac nE
T | Putss Wrath, DS/E Low o T/ wel Hagh Py | = ] M
3| Putse Wivdth, DS/ bagh or RO/ Low FWEM | 1500 = = = F
] g Fiae snd Fall Tima te. 1y - W - n Al
B R/ Mokd Tima TARYH L] - -] - n
13| A/ Setup Tume Balcen DSJE [ 200 = a0 = s :
M | Crep Erabie Senup Teme Betore ASSALE Fat [ Foo) . 3 i s
[T 15 | Crep Enabee Hold Tame tCH 0 = [ = s
[~ 18 | Aesd Data Hod Time \DHA W | wm 3 0 o
[ 21 || Werie Gaan Hoid Tima oo | W0 - ] - e d
24 || Mused Address Vabd Tene 1o AS/ALE Fal tagy | 00 - 7] = '
7 | Mused Acdress Holg Time [ 100 - X - o 5 .
[ 26 | Dy Teme DS/E 1o ASJALE R 1ASD i) - 5 - )
37 | Putse Wiemn, ASIALE Hign Piaen| o0 = ) = o
= Deiay Tirnes, AB/ALE to D5/E A {asED 50 - ] - [
30 || Pespressl Guiput Dats Dolry Time frem DS/E o RO | ippn | 1300 - 2 240 )
31 || Peghecal Dats Setub Tere Ingw | 1500 = Fm = ™

NOTE: Desgnaticns E, ALE, D, ard WF reler 1o signati irom S8t mecioprotessos sgnals,
* Reler o IMPORTAMT NOTICES appeiing on page 20 of tha data ihsit

FIGLRE 2 — MC146518 BUS TIMING

L VHIGH
AS r L Lo
- [Ty P :l
L (] et . =
: (2] ‘“"@ — = *('} = G)—
& / & N i
L i
! 1. ,,__@ T “—@
R )
A .

Ao

A b
AD7
READ 1 4

NOTE: Wigu=Ypo-20¥, Yiow=08 V. ler Vpp=50V £10%
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MC146818

ALE tAgderss Latch Enatiel

FIGURE 3 — BUS READ TIMING COMPETITOR MULTIPLEXED BUS

D [Read Dutput Enabied

YHiGH @
LR P ,!?‘_'@_.RH Vo
] 5 - — =
ok ol N—o—

@

R
P - E}—-é;:l-:ll—; o q @ c)
1wmﬂ A podeess . fead Daes
- Pt Nt

FIGURE & — BUS WRITE TIMING COMPETITOR MULTIPLEXED BUS

{1}

o

it e N o
-
e G ~®
Ao [ @_ @_:“:_—@__J W
Sl A : \: = , -—%
e TR Wk
’ @4 ‘ (G ——] T

! ADG-ADT

Iaddnesa Datg Bul

£
b

HOTE: YngH =Y¥po =20V, Viow =08 Y, for Voo=6.0% & W%

R o smma RS Te—————— em
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MC146818 8 &) [

' TABLE 1 — SWATCHING CHARACTERISTICS IVpg =5.0 Ve £ 10W, Vgg =0 Ve, Ta =Ty 1 Tyh

D nprn Symbol | Min | Ma | LUink
Cescliano Sietun . L - 00 ey
Peset Puise Wadth AL [ — ey
Fobeq Delary Tema TRLH 5 — B
Powes Sanas Pulse Wahh 1P 5 — e
Poraver Serae Delay Tena IPLH & — -
1R Reteasa from D5 wos | — | 2 | m
IR Reebease froen HESET 4T p— ] &%
VAT B Oalay WRID | — 2 [
h | FIGURE & — iR RELEASE DELAY
- v - e o '\...'. -
R ) s i
RESET E = ;‘f—
—
VHIGH
G /) : J
2 -'uns GRR
KOTE: ¥ViGs=Yoo-20 ¥, Vipow=08V, e Voo=50V £ 10W
e " FMGURE 8 = TTL EQGUMALENT TEST LOAD
Yoo Voo
4 5 %
MMDE1SD 2k : (RG Oriyl 402k
o Equivalent i i
Test e
Pont O Ten Poany Q=
Wi
5 156k . "
= 1HeF
i A D00 ’
7 o Equivaient - e
= e PR
.l Qwipans Encept OSC32 (Ses Figurs 100

3-1032




MC146818 nx : 5o

BrE 3RO

Ry
™y

Vo P

FEELT Pin

‘-""”Lmﬂﬂ%mm

FIGUAE B — CONDITIONS THAT CLEAR VAT BIT

Voo - —Ij’_

Yoo Po

oy
tPLH

F5 P

(1) The VAT bit &8 89 85 8 =1~ by meacing Fiegister . The VAT 15t can ondy ba clesred by pulling the P pin low (sse REGISTER O ($00).

3-1033
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MC146818

MOTEL

The MOTEL circuil is & new concep! Thal permild the
M08 w be duectly interlaced with many types of
mecraprooesion. No external loge o needed 10 Baap1 10 the
chflererices i bus control sgrats from comman mullipkeoed
by FreCiOpIOCESSOrE

Pracuicaily all rucioprocessors interface waih cne ol heeg
synchnomnoud bus structures. One bus was ongenated by the
Matorgla MOBED and the ather by the Invel B080 and ns
cormperecn part, the B228.

The MOTEL cwoun llor MOTorola and intfL bus com-
panbelity] i it o peripheral and masmary 103 1o it
direct Conhectann 10 ither type of bus. An sndustry standard

FIGURE 9 — FUNCTIONAL DuACGRAM OF MOTEL CRRCUAT

bus struciuse i3 now available, The MOTEL concept is
shapamn logically in Faguie 9.
MOTEL sebects one of two inierprerations of ro pens, In

" the Motorola case. D5 and RITY are gated together 1o pro-

duce tha inperral read erabde, The wlemal wnte onable @ 8
senilar gading of e e of AW, With COIMENEIOT Enisis,
tha i sicn of BD and WA create luncionally sdentical
tewrial vesd and wiils emnably sagnals

The MC 145818 sutomatically selecis 1h BIOCERS0T IvEs by
using AS/ALE to knch the s1ace of the D5/ AD pin. Since DS
o abwirys bow and AD 8 Shways hegh during AS and ALE, the
Ivch sutomatically indicanes wihich piocessar type s con-
nected,

Bgiorsis Type  Compeiios Type  nic 10808 Irageng
WPU Sgrals  Pon Sugnan 2 Competines Bus Sgna
o
A% ME - e Rl C Mool
pe i Eof o Y E gl s |
el el e Uy iR d 2 i
D5 E or 02 ] o [ -——Dc, Aead Enatin
: |
L WR RIW Cr Weritg Enabin
SIGNAL DESCRIPTIONS AT cut crymal an 4104304 MHz or 1048570 MHz frequen-

The block diagram in Figure 1, shows the pin connection

weith the o internal functions of the MG 145818 Fed-Time

Clock plus RAM. The following pasgraphs describe the
function of sach pen,

Voo, Vs :

DC povesr is provided 10 the part oo thise twa ging, Voo
being th moee positee voltage. The minimam and mas-
furn wollages are bsted in the Elecincsl Charactenstics
tables.

DSC1, 0502 — TIME BASE, INFUTS z

The tama base fios the e functons may be an external
segnal or the crysial oscillator. External squane wines a1
4. T9E304 Mz, 1.048506 MHz, or 32 768 kHr may be con-
nocted 10 O5C1 83 shown in-Fagure 100 The internal timeg-
base frequency to bo used i chosen in Register A

Thi on-chip DSCELAS &5 Cesignsd 1or 8 pafslel (BOASAL.

3-1034

- cmpme s

e

cies. The Crystad cONnBCHons a6 shawn in Figuree 11 snd the
l:I'r_HH chaeacteristics in Figure 12,

CROUT — CLOCK OUT, OUTPUT

The.CKOUT pin is an output at the Lime-Dase Ireguency
drided by 1 or 4. A mupor use for CKOUT is as the input
clack 1o the microprocessod; thasehy saving 1k cost ol & sa-
cond erysial. The lequency of CROUT depends wpon the
Rirrei-ase Ineguency and the state of the CEFS pin &8 ghown

<in Tabig 2,

CKFS — CLOCK OUT FREQUENCY SELECT, INPUT

When the CEFS pin s ted to VR it esuses CEOUT 1o be
1hi el Frsqusency’ as the time baes at the O5C1 pin, Whaen
CEFS i tied wp Vg, CEOUT i the OSC1 fimebase fre
wmw fowr. Table 2 summanzes the eflec of




i B :
e ] o
- & :
4 ek " & ARl T a i) - .3 y : M i :
MGURE 10 — DXTEAMAL TWE-BASE CONMECTION 5 ] 2 i
80 T 1" Yoo P I . ¥4
= i ; i Cgonal = .
" Wpg-10W :
! i

41304 MME

i ‘
o (] ] o
1 48576 MM é S i |

o i
0,768 s i L S &

- 0y ANDE
BACTREENE

Qs

osc2 :

f
|
I

LAC14E3NE

o 30,708 kM Oy = Coesiult Crystal Manulagtienr’s Spacification

ao RO

: x . FIOUIRE 12 = CRYSTAL PARAMETERS

o ov.  Crystal Equeesient Crost : W :
u a1 RS

: [ 530 oF 1540 oF 05 oF '

Ry 10 00M M ; . e
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b

TABLE 2 - CLOCK QUTPUT FREQUENCIES

T Bans Cloch Freguency | Clock Freguency
1DSCH Salect Pin Dutput Pin
Froquesccy ICEFS) LR OUT)
A TR0 wiHE iy A TEH M
ERE S R L 1048576 MH
1 Q4S8 Wby Hgh 1. KBS 75 MH
T DAEETE WAy Liw D b WM
E-& LT Hagh 12,768 WMz
22 768 kHy Lo 8,182 ke

S0W — SOUARE WAVE, OUTPUT
The SOV pin can output & gal from cne of the 15 taos
proscied by the 22 mternal-divider stages. The frequency of
the SOW maay be aliered by programmeng Rogster A, s
shown in Tabite 5. The SOW signad may b turned on and ofl
using the SOWE bit in Aegister B
ADD-ADT — MULTIPLEXED BIDIRECTIOMAL AD-
DRESE/DATA BUS i
Hwhnpmmmwwmlwm
Bokdress during b fest portion of 1he bus Gycle and g

the S Dirss duing this second portion lor data, Address. -

Rhsiery-clista mltiphgacng dows ot slow 1o scomss time of the
MC 4218 smnce the bus revwersal fromn address 1o data & oo-
cuting during the sntornal RAM access ume.

The addness must be vald just prior 10 the tall of ASSALE
&t which famee the MC14G318 Wiches the address om ADO
10 ADS. Valat witte data must ba peetented and hold stable
duting 1he Eatter portion of 1he DS g WH pulses. In a read
cyche, the MIC1SG51E outputs esght tats of cats during the
Latter poution of the 05 or AT pulses, then ceases deiing the
Buss [retuens she oulpat drivers 1o tha high-impedance statel
when DS fails i the Matonols ease of MOTEL or AD sises in
it dther casay

AS — MULTIFLEXED ADDRESS STROBE, INPUT

Awmmmhwedmdwummm
00 dermultiples th bus. T falling acge of AS or ALE cauges
the addeess 1o boe Riched within the MOCI4GS18. The
wriomatic MOTEL cincuit in the MC 146318 also lasches 1he
state of the DS pin with the Isling edgs of AS ar ALE.

D5 — DATA STROSE OR READ, INPUT

Tha DS pin Bas twa interprmBmons via the MOTEL circuir,
When emanating from & Motorols type processer, DS is a
positive pulse durng the latier portion ol the bus cycle, and
s varipusly caed DS idata sivobel, E lenableh, and 22 162
clock), During read cycles, DS signfics the time that the
RTC is 1o divom the bedinactaonad bus. In wiite cycies, the trad-
ing edge of DS causes the Feal-Time Clock plus RAM g
latch ihe writhen data, ;

The sscond MOTEL interpeatation of DS is that of AD,

. o LFOHF am ineg frevm the comp type peo-
cet3or. In this case, DS identifies th tire penod when the
real-tima clock hus RAM drivis (e bus with resd data. This
interpratation of 05 i slso the same &5 80 putput-snabla
signal on  typacal momary,

The MOTEL eifcuit, within the MCHG3IE, iches the
state of the DS pin on the faling edge of ASTALE. When the
Matoroly mode of MOTEL is desined DS must be kow during
ASFALE, which &5 the case with the dliplaced

- bus processors. To ensune the compelitor mode of MOTEL,

'
Troar
Lo R L ]

the DS pin rwst remasn high duning the time AS/ALE i
high.

RIW — READ/WRITE, INPUT

Tha MOTEL circuit 1reats 1he RS pin in one of two vways.
When a Motoroll tvpe peocessor o connected, ROV is 3
leretsl whach indicates whether the curéni cycle « @ resd o
wriie. A read cycle i indicated with & hegh level on RIGT
wehale DS 5 hugh, whsieas 8 wiibe cycle o a low on FAH dur-
ing DS [

The second mberpredation of R/W i a5 & negative wine
puiss, WA, MEMW, snd I7OW from compeutor type pro-
cossors. The MOTEL circust en thes mode grves BUOW pen the
same mpanicg 83 he wite (W) pulse on many genenc
Randg

CE — CHIP EMABLE, INPUT

The chip-gnatie (TE) signal must ba asseried liowl for 2
bus cyche i vehech e MCI4E818 5 10 b bocessed. (F o ot
liched and must be stable dursng DS and A5 (Mool
case of MOTEL) and during RD snd WR tin the other
@IELM.MWMmmmtmmm
CE cause no actions 10 take place within fha MCI4G81E
Whean CE & Pugh, the multiplosed bus culpul i in a high-
Empadance slate, )

When CE is high, & address, data. D5, and R/ inputs
Teafra the processor see duconnecied within the MO 146318
This porrats the MCIEETE 10 e isolated om & powened-
down processor, Whan CE is beld high, 80 unpowered
SHVICE CONNGL Meceive DOWer throigh the input pins Trom the
real-time clock poe sowies. Batteny pewr Consumphon
can his bi feduoed by using & pullup resiior o sctive
ciamg on CE whan the main power 5 oll, When CE is not us-
wd, it should be growsnded.

IR0 — INTERRUPT REQUEST, OUTPUT

Tren I pin is an active low cutput of tha MC 185818 that
sy b used a5 an mEETURL IpuL o 8 processar, The TAG
QDL PTdend ko 34 Bong 8% the stalus bet causing the in-
lerrupl is present and the cormesponding inbermupt-enable b
i8 sat. To clear the i pon, the processor program nanmally
reacts Rogister C. The RESET pin alse cloars pending inter-
fupts. .

WWhen: na inberrunt conditians s present, the 0 kel is
in the high-impedance state. Muliple mierruptng dices
may thiss e connected 1o an (R0 bus with one pullup at she
processoe.

AESET — RESET, MPUT
The AESET pin coes not alfect the clock, calendar, of
AAM functions. On powenup, the TESET mn must be heid
e e they Spocilied e, 1R H. in order to alloww the Boweer
Aupply 1o stabilize. Figure 13 shows & typecal representateon
of the RESET pen eirzuit. ;
When i lows thae Bollreing oocwrs:

- 3-1038
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" PGURE 13 = TYPICAL POWERUP DELAY

¥ CIRCUIT FOR RESET
- o [+H]
Syaem !' Baitary
i Voo .% ) Backon
- VioD
MG LSS
AEGET
E V55
D1 = MBOTON [Schottiy] or Equimiera
{’ D= D3= TH4148 o Equevalent

Mote: 1l the RTC & molated fram the MPU or MO powe by &
dhele (P, CInp Magl e Liken b0 moel Vi fequeiements.

FIGURE 14 = TYPFICAL POWERUP GELAY CHRCUNT

FOR POWER SENSE ki

o1 L ;
S 'I = Datiey
Yoo | [ i Bachup

¥oo 20k
. -
MC145818 :
I 0.006 oF

N g1 5 = o o s o S—

gl Misirn rerrupt Flag UAF) bit i cieared 0 Teio,

i T pin is o high-impedance atale, shd

il Souaes Wave outpul Enstie [STWED b is cleasd 1o
Derg.

PS5 = POWER SENSE, INPUT

The pawii-sensg pin @ uled i the control of the vahd
RAM ard tme (VRT] bit = Register D Whan the P5 pin s
lgw the VRT Bit i cleansd 10 2eno.

When using the VAT leature during powserug, the P3 pn
st b extennadly hedd bawe fof the speciied tpH Bme, As
perwer i apphed, tha VAT bit remaire low ndicating that the
contents of the FAM, time registons, and calentlld ang nat

tewd. PS Mwmurlnmmwmﬂ
VAT bit 10 be sa1 by a read of reguser D.

POWER-DOWN CONSIDERATIONS

In st systerns, the MCT4E818 mwst continui 10 keop
lirmee whan gystem power @& remowed. In guch sysiems, &
eonversion Ingm SySlem power 10 8 Altemate piwed SubDly,
usually 8 batieny, must b2 made. Duing the tansitian fom
sysiem to battery porwar, The designer of a batbery backed-up
RTC system mausi prolect data inlegeily, Mefumaze power
consumgtion, and ensune hardwane rekabdity.

The chip enabip ICE) pn controts 2 bus inputs A/, DS,
A5, ADGADT. CF, whon negated, diaplicws sny uninlsng:
& maditiestion of the RTC data by the bus. CE alsa redwces
power consumplion by reducing the number of tranmtions |
sgen nbinaly,

Power consumpbion may be further reduced by removing
resisteg B0 capacitive loads Trom the chock cut CEOuUT)
pin and the squarewave [SOW] pen.

Duiing #nd after the praser source cormairsion, the ViN
maximum specheation must never be sucseded, Fadure 1o
meat the Wiy masimum specification can cause a virtudl
SCH 10 appest wihnch may resull i gxoesshe cutient drsn
and destructzon of the part.

ADDRESS MAP

Faguie 15 shows the address map of the MC145318, Tha
rmory condists of 50 genernl purpase RAM bytes, 10 RAM
bytea which normally comtsn the tme, cCalendar, and akirm
date, ard Tour condrol and Status bytes. ANl B4 bytes aro
diractly readabile snd winabie by the processor program -
capt for tha Tollgwwing: 11 Registers C and D are read only, 2
bt 7 of Regester & is read only, and 31 the high-rdar bt of
thi saconcs byt is read ooty Thie contents of lour contred
and status registers (A, B, C, and D) are described in
REGISTERS.

TIME, CALENDAR, AND ALARM LOCATIONS

The processer progranm atasing tme and calordar o
matlon by neading the appropdates eosticns. The progrem
may initisiizo the time, calendsr, and slarm by wriling to
thasa RAM lacations, The conténts of tha 10 time, calendar,

* arsd alarm byles may be sither binary or binary-coced ded-

mal 1BCDL. .
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Bafoce initializing the Etermal registers, the SET bt in
Rigister B should te st 19 8“1 19 prewent e calpnclys
updates from occurnng. The program witiskizes the 10 locs.
BONE in i Selected |oivnal {wnany ar BEDU, then indcates
tha foamat e the data mode (DM b of Regester B, AN 1D
Urne, calendar, and alaim bybes must us the same als
ek, either binary or BCD. The SET it mary now be chesred
1o llow updates. Once mnitiskzed (he res-nme chock makas
&l updates in the selected dats made, The data moos cannot
b ehanged without senitializing the 30 data bryles.

Tﬂsﬂuﬂm&biruwanﬁﬂﬂmmlsurlmlnm.
calendar, and slam locatons. The 24713 bal in Regester B
extabhshes whether the hour locations represent 1-16-12 ce

1 TBPRELT

01523, Thee 24/12 bt cannal b changed withaut memligliz.
mnmwm,mmu-mrmﬂmmﬂ
mﬁww#mﬂ1mm:mu=thMmlm
[l ol

The trme, calendar, and alsim byies g fol akbvays ac-
cessabie by ha piocessor program. Onoe-per-secand the 10
Ervles ang swsiched 1o thae update l6gec 10 be ddvanced by one
sacond snd o check for an slem conditan Il anvy o ihe 10
Biybes ang red ot 1hus Lime, the dats OulpURS are undedined,
Iumummlmam.aauhu.mal}d Mz ang
1.OME56T BAHz time bases and 8B us or the T2 768 kHs
tima Baze. The Uipdate Circle section shows haw Lo sccom-
mw1mmumhlhwwmm

FIGURE 15 — ADDAESS MaP _ i o
i
- . !
a 1] ] Secong [ B L AW o
{ E"I 1 Seconds Alwm o
12 oD F Mnutey vr)
4 (13 3 Mnasies Alwirm ol
] Ll g o Bnary
o LY Hguri Algemy i ~ o BLD
Conienty
o - Diary ol Wk o8
o ; 7 Date ed Month o)
Byes
L ] [EFTTTY =2}
e =]
1¢] Rigester & -1
1] Ragrstar B -]
R il 12 Aegesier C o
(=] IF 12 Regeite O o0
= 5 " TABLE3 - TIME, CALENDAR, AND ALARM DATA MODES
Ak e Exiripis*
el R =gl Ty T e
R Dmn Mode | Dyuy Moy
[ Secondch 55 0428 k55 15 H
- 1 Seconas Alm ] 00-418 H-3ia L n
i Mewtes 3] Hik-538 L] aa 58
3 Mt Alarmn O #0438 00450 ED) (]
¥ Howrg - 12 00500 LAMI and | $01-512 LAM) sra " P
i " 112 Hour Modal S-S0 (P 1357 IPM) !
Hours ] ] -
¥ £ o Mocel L5 $00-417 0573 o e ]
o Heers Alarm 112 B01-500 LAM st | 301413 1AM and s @
5 112 Hour Mesde) | swisac irnn 155 (PR 3
; Hours Alwrm =
4 Howr Modal L] : 0067 Lt o _H
Dy of tha Waeek : : g
=8 Sunday=1 -7 -307 01307 o o
' 7 [ 1.3 01-81F 01-531 oF 15
8 Monsh 1-12 01500 =413 7] a3
7 ] Vaar _ T sa0-083 0459 aF =

*Exmnple: 8587 Thursday 15 Februgry 1979 Tames e AR

3-1038

—— e e




MC146818

The thees slarm bytes may be used in two ways. First,
whan the progeam masts an slaem tme in 1he S000pINTE
hemrs, antes, and seconds alwm locangns, the alanm

inberrrupt @ nitisted 80 the specied teme each day of the.

sleem anable bt s hegh. The setond uSagd & 10 nsert &
Sdon't cae™ state in one of rmore of three alsm bvtes. The
“don’| care” Code 5 any hesadecsmal byte from CD o FF.
That is. the bwo most-sgnibcant Bits of each byle, whaon st
w0 17, creatg a Tdonl Cang” Sstuabion. An alarm snderrugl
mach howr & created with 3 “"don’t cane™ code i the hours
e locateon. Swvalarly, an alasrm i gerestalrd sory matu bl
with “don’l care’™ ©odis e the hours and menules alarm
bytes. The “don't cane™ codes wn 88 1hieg planm bytes create
an inberTupl every Second

STATIC CMOS RAM

The S0 geeeral puipose RAM Bvles ane not dedicated
wattan the MCTHGE1E. Thay can be used by the protessor
program, end ane fully svsdable dunneg the update cycie

When e and caends nlormation mus! uie Daley
back-up, vy Inéduntly it S other non-wilaise data that
st be retaned when musn power 5 remeved. Thi 50 user
RAM bybes serve the reed for low-power CMOS. battery-
tacked storage, and extend the AAM avadable to the pro-
Gram.

When futher CMOS RAM o5 necded, sdditional
MC146E1ES mury B2 included in the system. Tha timef calen-
dar Bunctions may be dsabled by hoigng the DVO-OV2
dinviclers, in Regeater A, i the reset state by sating the SET
bit i Registe B or by reminang he osoillator. Holng thi
devickers w0 st peevents intemuptd &¢ SOW output from
operating whie setting the SET b allows these lunclions to
oocur, With the dnadirs clear, the Inbde user AAM s ex-
werdied 10 55 bytes. The hegh-arder bt of the seconds byte,
it 7 of Regiter &, @nd 3 bits of Regisiers € and D cannot
ehloctnealy be used a5 genatad purpose RAM.

INTERRUPTS

Tha RTC plus RAM wnchudes thees sepanaie fully autormanc
sounces of nlermapts 1o the processor. The sem inbernupt
thwmtlmL;mmmm
1o one-a-day. The perode: evenupd may b seecied lof
rates brom hall-a-second 1o 30517 pi. The updale ended
nberrapt Fdy bt wesed 19 NEae 1 ihe program that an ug-
date cyche i competed. Each of these indapendent migrrugt
condithons ane cdescribied 1 GRBATE etnl i aUhEr SeCions.

They ProCEsSor Drogram seects whech sniarrunis, al any, A
wishes 1o receve. Three bits i Regater B enable tha three
interupts, Wiiting a "1” 10 & miemupl-enabie bil pereis
that imtesrupt 1o be initated when the event occurs, A0 in
the interrupi-enabile bit prohdbets the (RO pa from beng
I duse b T 1 s,

i sn iseeupr fag i steeady ot when the intermupt
bocomes enabled, the IAD pn s immodately activated.
wmwmmmmmMm

much eadier. Thus, there ore cases white the progrem’

should clew Such ealer initated interrupts balode farsd
ersbiareg new EbErr LD et

= i

4
ek

B
.
!

Whan sn interrupt event ooours B flag bit i set 108 ™1 in
Register C. Each of the thees interrupt Sourcis hune Separaie
flag bits in Register C, which ae sat mdependent of the stale
of the coffesponding enable bis in Regaue B. The flag bit
may be used with of withoul enabling 1the coireponding
enable b,

In the software scanned cade, th DACOIEM JoEs ot
enable the interupt, The “nrerrupt™ Hag bil becomes &
SIS bit, which the soltware mIerogates, when it wishes,
Wyhen 1he solTwans Geiects that the Bsg i@ a4, it o an indeca:
tion 10 Software that 1hi “abemupt” ewent occumed Snce The
Bt v 831 read,

Howover, there iz ons precaution. The flag bits i Regeter
I are cleared [recand ol the inbemupt dvent i3 eased) when
Riegister C s read, Double latching is included with Regester
C 5o the bits which ane 521 are stable thigughout the read
‘eyche. Al bits whath a4 high when fead by the program ane
cheared, ard new inlerrupls [on any beis) are hesd wnid alier
the read cyche. O, two, or theee Mag bits may be Tound 1o
e st whin Register © is read . Tha program should inspect
al wilired flag bits every teng Regster C i resd G0 insure
RAT MO IRbETUpEs are k81

The second flag b ussge method i with fully enstied
F pts. When an pi-fleg b8l iE S8 and the COf-
responding ntenunt-enabie bil is a0 set, the IRO pin &

_ assarted low. TR is assened as long a5 a1 keast ore of the

theee interrupt $owces has its Tlag and enalle beis bash 6,
The IRCF bt in Register C iz 8 ~1” whenever the [AD pin is
Ibeing drinven e,

The o program can d irm that the ATC
initiatesd the intereupt by readeng Regester C. A 1 in bat 7
HROE pif) inchcales that of of Moee inlerrupls have been
iratiated by tha pan. The act of resding Register C clears all
the thenactoe (g bas, plus the IROF i When the pro-
fw!mIHDFaI.hMMHMnIMW
flag bets an the Sarmd byte which have thi CONESpOnGng
inferupt-mask b5 sl and Serveol gach intennapt whech &
sel. Agan, mone than on interupt-llag Bit may be set.

DIVIDER STAGES

Tha MC 186818 has Z2 benary-divider Stages lsliwing the
e Buacsn B sheoven in Figune 1. T guupun of the doades i3
8 1 Hz signal 10 the update-cycle logee. The deiders are cone
troiier by three divider bus [DVE, DV, and DVEI in Regater
A

DIVIDER CONTROL :

T divichesr-control bits hare thres uses, 83 shown in Table
4. Theee usebie openting leme bases may Do selecied
4154304 MMz, 1055576 MHz, or 327683 kHp), The divader
Mmmmmmmelqd
the time. When the Geades is changed from reset 10 a0
operating time base, the lirss updabe cycla i oo Rl second
later. Tha divider-control bits ace piso used to faclite
testing the MC146818.
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oS © TABLE4 — DVIDER CONFIGURATIONS : : el
Tine-Bass Mﬂ‘ ity Operatazn Diwicdar Eiypasa Fait o i
Frequsncy Register A LU Reset | M-Deaser Bas i
TV [ BT | Ovd .
& 154304 MHF o a a R - ']
1 HESTE Wby L] a i LY = =2 %
T2 768 kHr [ 1 a Yes = W=7
Ay i 1 a L Vs - ¢ o
Any 1 1 1 Mo Yas - LE i Y 2

Mo mmﬂmdwm"mh il puRpOSES DAy,

SOUARE-WAVE OUTPUT SELECTION

Fiftcen of tha 22 desdir 1855 308 made Svailsble 1o 8
T-ol-15 selector a3 shown in Fagure 1. The lirst purpose of
selocting a dhader 130 o 10 QARGTETE § SQUANEvave dulul
sgngd gt the SOW pin. The AS0-AS3 s an Regater A
ntablish thi squane-wi fequency as listed in Tabla 5. Tha
SOW lreguency saloction shares the 1-06-15 selecior with
perodic mtcmupks.

D 1 (requency is selected, (he output of the SOW pin
may ba twned on and of| wnder program contral wilh the
squane-wive enabile [SOWED bt i Regstor B, Alening the
dewider, Squans-wive outpul Selction bis, o the SOWE
oty -enable B may genenale @ asyinieatocal waeform
at the time of emeculich. The squanewave oulpul pen has &
muemibeer ol patentd usis, For example, it can senaee 3 8 lee
auephcy stanclard Tor gxtemnal use, a lrequancy Synibsaern, of
could be wied 1o generaie G OF MOde Judhd foNes under
pemgram conirod, =

PERIDDIC INTERRUPT SELECTION

The pericdc interrupt 3w th THO pn to be triggened
lrom once every 500 o lo once every 30517 ps. The
perocic sinrrupt 5 separaie from the alsm imaniuisl whesh
mary b oulput from once-per-Second 10 ONcE-per-cay.

Tabin & shoews 1hat the persocks mgnupt rabe i selected
weith thir saeme Regisier A bils whach Select 1hed S0u00 Wi
frequency. Changing ane alss changes the other. Bul each
function may be separaiely snabled 40 1hat & progeam could
gwitch batween the two leates of use both. The SOW pin
it enabled by the SOWE bit in Reger B. Senilwly the
pimnche anterupl s enabled by the PIE it in Register B.

Pergdic interupt i usable by pracpcally’ 2l real-time
systens. It can be used to scan lor all lomns of inguts from
contact chasures 1o sanal recenve bes o bytes. 11 can be used
in reultipipsing csplays o with soltwarne counters 1o med-
Sure INpURS, CroAnD Cutpul inlenals, o awsl Uha rxl Peeded
solnwade funchion.

TABLE & — PERIDDIC INTERAUPT RATE AND SOUARE WAVE OUTPUT FREQUENCY

3 2 A 154004 o 1.04B5TE M .7 kHE
it i Teng fase - Tima Bass
Nsghutr A Paricdec Priadic

wt Rade | SO0 Ouipet | Interrupt Rate | SOW Ousput

RS3 | RS2 | RS | RS0 Py E 1] Frequeny
'] ] 1] [1] P Meee Hong Hong

L] o =] 1 51T us X2 Pe8 keir | 3 90625 ma A Hy

1] [] 1 [2] B 006 s 16 J54 Wkip TH1ZS ms 138 Hr

1] ] i 1 123 070 p3 B 153 by VT 000 s 8192 kHr

1] i Q L] 244, 841 43 4 [ kiHy 24 141 g5 & (08 WMz

0 1 Q 1 488 281 53 3 D8 M 253 I8 g5 7 (8 WM

0 1 1 o M6 562 a3 1034 e G B 1024 ki X

i [] ] 1 1 | 1553125 e CIFE 19531 2% ms 512 Hz
i T |0 | 0 | 0 Jocammems | bk | dokmms | EeH
1 (1] a f.1 RS s 128 Mr 7RIS me 3 Hy
1 [] 1 [:] V6 G628 s B bz 15ESm & HY
1 ['] 1 1 1.5 ma et 3125 ma 32 Hr
1 1 ] [-] S ma 6 Hy E2.5 md 16 Hr
1 1 o 1 125 ma B Hi 135 ma B Mz
1 i [ [ 50 4 He 350 ma 4 Mp
1 1 [ 1 ;Dﬂl 2 He 500 ma 2 Mp
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UPDATE CYCLE

The MCISESTE execubes Bn upcaie Cycle OnCE Dol
second, atuming i of the proper Limi BESES o 0 place,
tha DVO-DVE divder o5 moit clear, and tha SET bt in Reguter
B is chear. The SET bet in the =17 $late permits the progeam
1 iniliakre The Semg bred Cabendar by bes by SIopng an exisl-
g upsdste and preveniing & M OFs Trcm occurnng

The pemary funchon al the update cyche is 0 INCreren]
the seconds byte. chock for overfiow, sncreman | I Muniles
Byte vwhen appeopeate and so foh though 1o The year of
the century byte. The update opcle alio compares each
alarrn bytn with tie e bybe Snd SIS an
slarmn il 3 match e if 3 “don’t cane” coce [1IXXXXXE] is
pressnl o gil theee positsgees.

Wéich a 4754304 &Hz or 1048576 MHz ume base the up-
date oyche takes D8 ps whehe 2 32 768 khiz time basd upcaie
Cyche Lnkes 1984 g3, During th update cychs, 1he tame, calen-
dar, and slaren byles aee nol sccessable by the peoorssor
program. The MCHERTE prodects the program lrom reading
traritonal data. Thes protecton & provded by Swiiching
the time, calendar, and alanm portsan of the RAM off the
recropinoessor but dunng the entee updsle Cyche I ke
processor reads these RAM locatons before the updsie &5
coampleie the oulps will be endefined. The wndate in pro-
gress ILHP) status b s Set dusng the inerval.

Ammwmmm1hmanddmpin-
Sorenatign fincs data ynavaslable statrtically onoe every 4002
atiempts. Thees methods of socomemadating nonmlatbly
duting update S8 casbie by the program. In decussing the
Thnese methods i o assurreed Ehal 31 RERCom DAL usar po-
grams aee able 10 call & Subroutine 10 Gbiain b time of day

The feg) migthad nlmthmuﬂfhm1m
updsie-ended inteunt, H enabled, an moerrupt occurs slier
every update cycle whech indhcates that over 099 o are
avaidable to read bk G and date indonmaton, Duning the
e & display could be updited o the informatsan could be
translered 10 conteucusly avadable RAM. Bolore leaving the
mwm_mmﬂmm Regaiter C should be
cloared.

The second momod uSes the update in-progress. Dit (UAP)
in Aegater A 1o deterrman i the usdate Cyole & in progress
o rat. Thas UIP bit will pulse once-per-second, Statsbcally,
th UIP bt will inScate that time and date information s
unavasisbie once ey 2032 anemps. A th LIP bit goes
Thigh, the update cyele beganes 244 ps later, Therelhace, il & low
is read on the LIP bet, the uer his at least 244 g8 balone the
tima/calendar dats will be changed. I a 717 is read 6 the
LW biL, the timefcalendsr dats may nod be valid, The user
shubd greoid iNIEIQT Senvece roulinss that woukd Gause thiy

LPEL E!’

i needed 1o read vabd tresfcalendar data 1o encwed
284 us, o

Tha third mathod uses a period: siemupl 10 datermins if
an update cycle i in progeess, The UIP bil n Rogister A i set
h-phum-uenlhammguhmﬂumﬁmwtlm
Figure 161, Penode mberriapis 1hat ocous 8l a e of greater
han [RLC + B Sllow valad tme and date indparmanicn (o be
read At eseh gorunencs of the penodic interupt. Th reads
shauld e complasted vathin (Tpg= 21+ 1gC 10 endure that
data i nat read during The wpdaie cycle. ¥

To proparly setup the intemal counters for davlight sav-
ings time operalion, the user MUt Set the Gime al kast two
aeands befone the rollover will oocur, Ligwrse, the tme
st B Sed &1 Wit two saconds belone the end of The 293h
or Ah day of the manth.

REGISTERS
The MC14EB1E has four regisiers which are accessible to
the processor program. Tha fowr regisleds sne also fully s
cossible during the update cyche.

REGISTER A (S0A)

wsa LS8  MsadiWrin
o7 | o6 | e b2 | o3 |62 | b0 | w0 Ragntar
o | vzl o1 | ovo | Rsa | msz | mer | mse| *otU®

UIF — Thee update in progress [UIP) bit = a staus llag that
frdy b mansioned by the program. When UIP is 8 ™1 the
update cycle 8 in progress 64 will 5000 begin, When UIP is 8
S0 (ki wpdabe cyche is ot in progress and will nat ba bar 81
teast 24 gt (ige pll ime bades), Thes i deladed wn Tabde 6.
The time, calendar, snd alarm information in RAM o hly
availabile 1o the peogram when the LIP bit 1 a0 = it nol
inv wransitign, The UIP Bt is a read-anly il and @ nat al
tocied by Resel. Wiiting the SET bit in Regaer 8 toa ™1™
irshalbil @y update cycle and then chear the UIP status bit.

TABLE § — UPDATE CYCLE TIMES

T T Mnarmapm Tima
e e e
1 &, T MM 24 gy -
1 10518 MHE M8 pi -
1 22,768 kHy G s -
o &V MHE - 44 g
o 1. DB Mz - T
] 32768 My - 24 pn

AGUAE 16 — UPDATE-ENDED AND PERIODIC INTERAUPT RELATIONSHIFS

e . = __iI’H;L _
g €

v tupmet 1t B

f———— _—’%W? *|_ e H :

1y = Pramiceic Insarrupt Tevss Inbsrval (500 s, 250 1, 125 ma, 62 5 ma, ate. por Tablet e

= Updatn Cycla Tems (248 g3 or 1504 pad
“-mhmmwmm
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OWZ, DV, DV — Theee bits are wsed 10 peomd Thi pdo-
mnmmwwdmn-mm
chasn. The drager selechon bets sdeauly which of the three
e B frequencess o use Table 4 shows that bme
Bases of 4. 194304 My, 1 (8576 MMz, and 32 765 kHr may
b unnd. The divder Selectaon Dis are l30 uSed bo tese) e
drcier chaen, WhHen (e s calendar o brst wababaed, the
mmwlﬂwm1hmmmmmﬂm
the RAM When the deatker fset o remaved the Tirst updale
cycls begine one-hall second Later. Thise three readdwrile
bits arw ron affected by RESET. :

RS3, RS2, AS1, RS0 = The fou tane Selecton Bas smect
ot of 15 106 on the 22-36sge rader, of daabie the dender
output, The g seheced may be used [ generale an Culpul
sequne wive LSOWN penl anall o0 3 penodic witgiupl. The pno-
gram may do one of the folowsng. 1l enable 1he iU
weith the PIE bst, 20 enatle tne SOW output gan with the
SOWWE bet, 0 enabie both &1 The Samrs Lmee a1 th Sme rabe,
of &) prabie nesther. Tabh 5 lens the peedhc sntenupl Fakes
ard the Spuare-wave Bequencss that may B chasen wilh
thee BS bats. Thase bous biis are poadiwdin bals which ang ngl
aftected by FESET e HE -8
REGISTER B (508} ]
mis 158
B | bh § ue pd| B3 jud| bl ] A
ger | me | as | wie| SOWE] Dwa | 21T | D5E

SET — When the SET bitis a8 "0, the update cycle func:
lions normally by Sdvancing The Counls OnoEper-3econd
When the SET et e willén 12 8 17, sny update cycle in
peogress 5 aborbed and The program may imbah e the timé
aned cabendae Byties wethoul Sn ugianr oocunnng = Ehs midst
of initighpng. SET 5 @ enpdl wribe bl which i not madifeed
by RESET o wnternad funclhions ol tha MC186818.

FIE = The penods mierrupt enable (PIE] bat @ &
e Fwrite BeL which alioes the paridsc-nterupt flag 1PFY
it o Register C b0 cause the TR0 pan b be denven bow. A pro-
Wm.n;"l“mmﬁE Ent i cacer NG ftEvl periodic
indernupts at the st specified by ke RS3, RS2, RS1. and
AS0 bits in Register A A Tera in PIE tiacks AT from being
inisiabed by # perochc interrapl, but the perodc Tag PFL b
& 3l set a the penods rate. PIE i3 nod modiled By any -
jemal  MCWEIIE funchons, bul s cleawed. 0 "0 by 3

ASE = Th alnrem irternupl enable TATEDN bit i @ roadMwiite
Bt webiich when set 19 8 1" pedrues the alanm Tag LAF) bt n
Register C 1o assert [0, An alarm miorrupt occws for each
second that the those s bytes equal Sha Shims slam byled
fincluding & "don't cane” sleivn code of binary 110000
When the AJE Bit is a "0, the AF bil dees not initite an (O
signal. The AESET pin clears AIE 1o “0F'. Tha intaeral func-
teons do mot allect the AIE bit

WIE — The UIE lupdain-ended mitemupt ensblel bt 5 8
mmummmmu—mﬂmmﬂ it iA
Regisier C o asset [P, The AESET pan going kow of the
SET it gowng high clears 1ha UIE it

SOWE = Wihen the squsrs-wavs snatibs [S0WE) bt is s
0 & L7 by the program., & souane-wave =gl ot the e
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quency specifssd in this rive selection bits (A5 se ASM ap-
pears on the SOW pen. When the SOWE bit iS 3 10 2 1er0
ihe SOV pen is heid bow. Thi $1ate of SOWE is cleared By
1ha AESET pin. SOWE i3 8 resddwrite ba

DM - Tha data mode (DM bel indhcabes whthe bme
el catendad updtes a0 1o use Baary o BED lormats. The
DM it 15 weniben bry Tt proCessor progrsim and may be resd
By the program, but is nat modifed by any miemsl funchors
ar BESET. A ™1™ in DM signifees binacy data, whie a "0 n
OM specilies banary: coded-deamal IBCD0 axa

24/12 — The 24712 contiol b establshes the doemat ot
1he Powrs bytes @5 evthee the 24-hour mode [a 17 or 1he
12-hour mote (3 0], The &8 8 read/wrile bil, which i al-
lected only by soliwie

DSE = The dayhight savings enable [DSE] bi o 2
readfveribe Eil whech aliows the progrém b0 enabile 1wo
specl updabes when DSE s 2 ™17h On the last Sunday »
Aged 1 teng increments Trom 1°50.58 AM 1o 3.00.00 AM.
On the ka1 Sunday in October whan the bme [251 feaches
1:550 55 AM i changes 10 100000 AM. These Soecal updabes
s Nt pecur wien the DSE bit o a 07, D5E o not changed

-y anvy inindl ODEratong O N,

REGISTER C [$0C) 5
M5H

[or et [ea o [ea]
[ror] pF | oar [ we | o |

IRQF — The imternupl requist flag DROF] & s w e e
whaen gre of mone al the following e e
PF= PIE="~1" . ¥
AF = AIE = "1 1 5
UF = LHE = =1
i.8., IROF = PFePIE + AF-AIE + UF-LIE

Arvy tieree the IROFE bat i 8 17, the 0 pin s driven low
AN llag bits are clesred alter Regaier C is read by the pio-
gram o when the FESET min s low.

PE — Tha peracke interrupt flag IPFI s a rebd-cnly Dt
whach @5 st b0 8 1" whan & partculdd edge i deteced an
the sstected wp of the dveder chan. The R53 1o RS0 bas
@3uakesh tha periadse rave. PF is st 10 8 1" independent of
hmmmml’u&u.PFhl-r-u"l"n-nnumlmwm
and sets the IROF ba when PIE i also a =17 The PF bl s
claaced by a MESET of & sattwane read of Aegsser C.

AF = &1 in the AF (alarm interrupt flag) il indhcates
1hat the curent fima has masched the slem wra, & 17 in
tha AF causas the (FIO pin 1o ga low, and 8 ™17 19 in
tha IAQF bil, when the AIE bt a0 s a 1" A RE ora
resd of Regeier C chars AF.

UF = The update-srded intsrrupt flag (LUF) bt is set alver
aach updae cycie, When tha WIE bt is @ ™", sha **1" n UF
causas the IROF Bit 1o ba 8 17, assartng IR0, UF is cleared
Iy & Regisier C read of & RESET.

mmm—mmuﬁulﬁmwmlmm
as "0's”. They can nol be wistien,

i
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WRT | O ] a o Q Q 0| Regows

VAT — Thae valid RAM snd time (VRT] bt indacaies the

condition of the contenis of the RAM, prowded the powar
sense (PS] pen i sarmdacionly connecoed. A 07 appears in
the VAT bt when the power-sense pin is low. The processor
EHOGERMm Can 3 The VRT b=t when this tims and calendar S
mitiskzed 1o indhcate that 1he RAM and tims e valed. The
VAT is @ meaed only bt wiich & nat moditied by the RESET
pin. The VAT bit can ondy be Sl by reading Regater D

bS TO b — The resmaining bics of Regster D are ursed.
Thery canngl b writien, but are abways resd as "0

TYPICAL INTERFACING

== == The MCI4G318 & best suited 1o use with MICTCIFODEISONE

whach gengrate an sddress-theredata moltiplesed  bus.
Figures 17 and 18 show typical interfsces 10 bus-compasibhe

ETMEpT

processors. These interfaces assums that the addness
can b cdone queckly. Howewer, il Standand manal-
gate CMOS gates are wied 1he setup Time may be
wiglated. Figura 19 usirates an alvesnalive mathod of chip
selection which well accommodaie such siowed dedtdeng.

The MEC18E1E can be mierfaced 10 Sndgle-che meCiocom:
putars [MCU) by wsing eleven port lnes 85 shown in Figure
20 Nor-multipbiasd bus MICTORIOCESS0ONS can be mnierlaced
wilh adddtional support.

Thers & ong method of wieng the muitipleoced bus
MCISEA1E with Ao-Fultaliesd bus procesion. The e
lsca uses avalable bus i signals io mulliplex the
aodrexs and dala bus 1ogether.

An example using sither the Motorola MOBE00, MOGE0Z,
MCEME, or MOBS0S microprooessor 18 shown in Figuee 21,

Fugiane 22 illustates th subroutines which may be uted far
data transiers in 8 non-mullipleced system, The subroutnes
shoukd be enneted with 1k megisiers containing the falloreing
dat

Accwmulator A7 The address of the ATC 10 be sccessed.

Accumaulator B Wite: The daws 1o De writlen,

Rapd: Thud-llll'ﬂd‘fmll'llll'lﬂ.
The ATC is mapped 10 two ¢ marrany k -
RTC and RTC + 1 a5 shown in Figure 21,

FIGURE 17 = MCHEE1E INTERFACED WITH
MOTOROLA COMPATIBLE MULTIFLEXED BUS MICROFPROCESSORS

|< 8 Addvess!Duse Multipleed
duddims S irobe

Dats Swroba (D - o nhar
WCERT Read/ Wi (RIW = i
e Int#reups Fequest (TG " Mormacy

3 i -

T R K N _E S R _E_E_ X 2 KT _

asn
i e

- ...'._l P, |
“High- Sipesd 500
Gale CMOS o0 TTL
Agrem. [incocdeng
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MC146818

FIGURE 1§ = MC148818 INTERFACED WITH

COMPETITOR COMPATIELE MULTIPLEXED BUS MICROPROCESSORS

L)
o Weae 1W1
o

B Aodeess Dass

Agdeess Lanch Emabas 1ALED

Feaes (F1)

il Roguest

L]

aa Aodresy

Asderin

- RESET

B,

r—-—pﬂ?ﬂ

W0 R DS AS ADDAD?

MC14E818

1

FIGUAE 19 = MCT4GH1E INTERFACE WITH MCHEB0SER
CMOS MULTIFLENED MICROPROCESSOR WITH SLOW ADDRESSIMNG DECODING

This Susirares e use of CMOS gasng lor sddieia decodeng.
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FIGURE 20 = MC145010 INTERFACED WITH THE PORTS OF A
TYPICAL SINGLE CHIF MeCROCOMPUTER

4 194004 MHp Tyl
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FIGURE 21 — MC146818 INTERFACED WITH MOTORGLA PROCESSORS
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FIGURT I3 — SUBROUTNE FOR PEADING AND WRITING
. T THE MCTAFEIE WITH A NONMULTIFLEXED BUS
ey
READ, 3Ta RTC Generate AS and Lavch Dats irom ACCA = I
X LEAB BT+l Geesran: DS snd GE et i
RIS, AR I
v - 1
WRIIF. | STAa  AC Gt AS and Lascn Dats trom ACCA {
U sYAR  ATCed,  Gentose 0F and Siwe Dan i i
RTS : :
SR i
v i
i i i
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