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ABSTRACT
" " SAMIR BAHY EL DIN
. ‘ DESIGN OF HARDWARE ;NTERFACE FOR -
| SBC 8085 INTEL-SINGLE BOARD COMPUTER

An Overall genera]‘%escription of up 8085 and IC 8279
are covered in this report.

The design of INTERFACE for kejboard type input device and the
butput device using INETL 8279 is the centér of attention of this ‘

!
technical report.

The design deals with the assembly programming of 8279 which

" is heeded in that dasign.
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INTRODUCTION .
o

-

'THE INPUT/OUTPUT INTERFACE FOR SBC 80/05 WILL GIVE THE
.SBC THE CAPABILITY TO COMMUNICATE‘WITH QUTSIDE WORLD. THE
FOLLOWING THREE PARAGRAPH EX-PLAINS THE RELATION BETWEEN INPUT

DEVICE, OUTPUT DEVICE AND 8279 CHIP. * . ;

"i) THE MATRIX KEYBOARD WILL BE USED AS INPUf DEVICE -
WHICH WILL MAKE THE bSﬁR (FOR'THIS SMALL SYSTEM) CAPABLE FOR
'PUTTING® ANY KIND OF INFORMATION INSIDE THE RAM AND BY USING THE
'MONI;OR OR (THE SOFTWARE DESIGNED FOR THIS SYSTEM). THE USER
WILL BE ABLE TO/gBGCESS HIS INFOhMATION AND GETTING THE FINAL ]

¢

RESULT IN THE QUTPUT DEVICE. -

ii) TH TIL - 313 LIGHT EMMITTING Dfﬁ WILL BE USED AS
OUTPUT DEVICE, AND WILL DISPLAY THE FINAL RESULT FOR THE PROCESSED

P

" DATA. "

iii) THIS TWQ DEVICES COMMUNICATE WITH 8085 UP THROUGQ
INTEL 8279 CHIP (PROQBAMMABLE KEYBOARD / DISPLAY INTERFACE). THE
PURPOSE OF THE PROJECT IS TO GET FAMILIAR NITH‘THE HARDHA%F AND
SOFTNARE‘OF THE 8085 UP AND 8279-PROGRAMMABLE KEYBOARD AND DISPLA{

INTERFACE LSI.

Y
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" " BC 80/85 single boaraﬁéomputer whicﬁ»ﬁs a member of INTEL' complete

PR

. TECHNICAL REPORT ' ol
. o ) ) o (,1,/ ! 4
1. REQUIREMENT - . Rt
It is required to design the HARDWARE INTERFACE for '/

" line of SBC 80 computer.( o,
. N . . a ‘

'\ The HARDMARE INTERFACE..will ine th,capabilfty for the
Single Bpard Computer to use a keyboard as iqput device or TTY and
light emmtting diode§ led's as output, . device.

“ f

. S )
2. EQUIPMENTS AVAILABLE FOR THE PROJECT

a) SBC‘éﬁbe Single Board Compu%er which contains:
- 1) INTEL 8085 CPU o R
2) INTEL 8111-RAM provjde”égs bytes of ‘static read

and write memory
, 3

. 3)° INTEL.8155 combination RAM/10/TIMER

“

~ 4) Two sockets are providing for installing up to
4k bytes of ROM (which gtores the required .
operating system) )

SBC 80/05 pfovides jumber-se]ectgble interrupts to the

r
4

four interrupt request inputs of the 8085 CPU.

L 3
' » »
. \ .
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b) INTEL 3279-PROGRAMMABLE KEYBOARD/DISPLAY INTERFACE

v : BN ‘ . o
' ; ¢) 2°TTL DECODER 74LS156
T d) MATRIX KEYBOARD

e 2

«

G el e ) ATILN ‘ - ' i
f) 16 TRANSISTOR (2N2907) | & " g
3

3. SYSTEM EXPANSION \

= o . Processing power, memory and 1/0 capacity may be increased
R in SBC 80/05 based system with single -5v power by adding standard
INTEL expansisn boards.
Memory may be expanded to 65,536 bytes by adding user- )

‘sﬁéc#fied combinations of RAM boards, PROM boards or Combination

boards. Input/Output capacity may also he increased by adding

SBC 80 Ana]qg 1/0 Boards.

5 -
Ve v e

¢

*4, DESCRIPTION FOR 80/05 SBC -

.. The SBC 80/05- Single Board Computér is controlled by an’
o © Intel 8085 cpu, which includes six 8 bit general purpose registers,
@ay\be adgfessed individually or in pairs, which'a11ows both single- ' -

\ ./
v ot \

’1:&‘(2'5 —¢.' s . c . ..
- ¢ precision ‘and double-precision operations. The minimum on board J
. D

e

‘execution time is 2,03 usec.

The 8085 cpu has a 16 bit pﬁggrém counter whitﬁ allows

direct addressing of ub;f6:%5,536 bytes of memory and external

\
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as a 1ast—in/first¥out storage area for the contents of the Program Lo
Counter. Ftags, accumulator and all six general-purpose registers

and 16 bit stack poiﬁter registers which control the addressing of
tack poTate

o

RPN TSRO T it

the external stack and, this will allows subroutine nesting. This

re.

is bounded only by the system memory size.

5. DESCRIPTION OF INTEL 8085 UP

The following sections break the 8085 into functional blocks

and describe each in detail.

5.1.1. Arithmetic Section , | . :

o Lo ‘
The arithmetic section of the processor contains the
basic data manipulation functions of the 8085 and can

e
divided into the following blocks:

a) Arithmetic Logic Unit (ALU)
b) Accumulator
¢) Carry Flag

d) Instruction Decoder . i

In a typical operation data sorted in the accumulator is

combineg, in the ALU with data from mnother source on the

internal bus (such as a register or I/0 port) and the
result is sorted in the accumulator or another register,

The following is a more detailed description of the

, function of each block.

1
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<l§=¢4 5.1.2. Instruction Decoderk

-4 -

¥

3

The operation code (op code) portion of each program

instruction isstored in the Instruction Decoder and

converted to output which control the function of

each of the blocks o% the Arithmetic Section. These

Tines control the source of data and the destination

register as well as the function performed in the ALU.

J

5.1.3. Arithmetic Logic Unit

The ALU accepts 8-bit data words from one or two sources

and generates an 8-bit result under control of the

Instruction Decoder. The ALU can perform the following

functions:

If the operation performed by the ALU results in a va]de
represented by more than 8 bits‘(overflow of most significant bit)

a Carry Fiag is set in the Prog}am Status Word.

~

Add With or‘withoﬁt Carry
And, OR, Exclusive OR
Increment/Decrement

Bit Complement

Rotate Left, Right

Swap Nibbles

BCD Decimal Adjust

ot et s MR R




5.1.6.

5.1.5.

Accumulatoryl

The accumulator is the single most important data

“w

registér in the processor béing one of the sources
of input to the ALU and often the deétinatioﬁ of the -
result of operations performed iﬁ the ALU. Data to
and from I/0 ports and memory also normally passes

ws

through the accumulator.

Program Memory

el

Resident program.hemory consists of 1024 words eight

bits wide which are addressed by the program counter.
In the CPU, the memory is ROM which is mask programmable
at the factory. Program code is completely interchange-

able among the three versions.

Bus

Bus is also 8-bit poft which is true bidirectional port
with associated input and output strobes. If the

bidirectional feature is not needed, Bus can serve as

“either a statically latched output port or non-latching

inﬁht port. Input and output lines on this port cannot

be mixed however.







" 5.1.7.

As a static poft; data is written and 1a£ched using

the OUTL instruction and inputted using the INS |
instruction. The INS and OUTL iq§tfhctions generate
pulses on thg corresponding RD and\wR od%put strobe '
lines; however, in the stgtii?po}t modé they are
geﬁeraliy net useéd. As a bidirectional port the ~

MOVX instructions are used to read and write the prot.

A write to the port generates a pulse on the WR |
output Tine and output data is valid at the trailing

edge of Wr. A read of the port generates a pulse on the
Q

RD output line and input data must be valid at the

trailing edge of RD. When not being written or read,

the BUS lines are in a high impedance state.’

[

Test and INT Inputs | .

Three pins serve as inputs and are testable with the

conditional jump instruction. Thg;é/are J0, T1, and\

‘ INT. These pins allow inputs-to cause program branches

/

without the necessity to load an inpu;+port into the
accumulator. The TQ, T1 and INT pins have other

possible functions as well.

¢+
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5.1.8. Program Counter and Stack ‘ | \

1

The Program CGK:ter is an independent counter while

i,
"

- R B it

the Program Counter Stack is implemented using pairs of

b=

reéisters'in the\Data Memory Array. Only 10 bits of
the Programm Counter are used to.addresg the 1024
words of on-boacd.‘rogram memory while the most significant
* two bits éré used for externai Program Memory fetches. . -~ =
Thé brogram Counter is initialized to zero by activaying
the Reset Tine. \ . | §
, \ !
An interrupt or CALL t& a subroutine causes the contents
| of the program counter fé be stoéﬁ& in one of the 8 ‘

register pairs dof the Proé?am Counter Stack. The pair

to be used is determined p}\a 3-bit Stack -Pointer which

is a part of the Program Stégys_word (PSW). Data RAM
“locations 8 thru 23 are available as shown in the
following figures. : \\




The Stack Poin*er when initialized to 000 points to RAM

locatiors 8 and 9. The first subroutihe jump.or interrupt results

‘J

7 in the program counter contents being transferred to locations 8

SRR e 3t wertitint

and 9 of the RAM array. - The stack pointer is then incremented by
one to point to  lTocations 10 and 11 in anticipation of another
CALL. Nesting of subroutines within subroutines can continue up
to 8 times without overflowing the stack. If overflow does occur ’

the deepest address stored (Tocation 8 and 9) will be overwritten ’

and lost since the stack pointer overflows from 111 to 000. It '

i ' : also underflows from 000 to 111 (look to the Program Counter Map).

The end of s subroutine, which {s signalled by a return

)

instruction (RET or RETR), causes the Stack Pointer to be decremented 7

and the contents of the resulting register pair to be transferred

to the Program Counter. |

[cz ac F) | BS |NOT USED S s s
MSB '




10. .- .

PROGRAM COUNTER MAP

1a |a [a{a "[a [a Ja [a [A |a (A (& [a [a [a

wp | 15| 14 13 12| 1] 10]79 8l 7| 6 |5 |4 3| 2 1
« FLAGSAVED . » le. . _STACK  POINTER SN
IN STACK ‘
- Psw Shé- PROGRAM CQOUNTER 000-~7FFH 2k BYTE
._\ o -

NESTING LEVEL CF POINTER

M
110
‘ 101 - S e
']00 . - 2
0 t—.
f
010 ! S—
001 ~- tm
0
i 000 } ‘ . : ‘
% . psw PCg-11
’g "
% ; PC 4~7 PCh_a
§ MSB isB
s -
;
¥
H
b R
f

&
Y

{
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5.1.9 Program Status Word

e. Toaded to and from the

An 8-bit status word which

accumulator exists called rogram Status Word (PSW).
The accompanying figure shows theX{nformation available
in the word. The Program Status Wprd is actually 3
coliect{on of flip-flops throughout the machine which can
be read or written as a whole. The ability to write to PSW
_ a]lowg for e%sy resforation of machine status‘after a

power dgwn sequence.

The uppgé four bits of PSW are stored in the Program
Counter Stdck,with every ,jump to subroutine or interrupt
vector and are optionally restored upon return with the
RETR instruction. The RET return instruction dggs not
update_Psw. N : S

The[Psw bit definitions are as follows:

P .
Bits 0'- 2: -Stack Pointer bits (Sp, Sy, Sp) |

Bit 3: Not used ("1" level when read)
Bit 4: wofking Register Bank Switch Bit (BS)
0 Bank 0
‘ _ 1 Bank 1
f Bit 5: ‘Flag 0 bit (FO) user controlled flag .

which can be complemented or c]eared,-
" and tested with the conditional jump

instruction JFO.

B -

o SR AN AR e s
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5.1.11

v SRR
: ) /
Bit 6: Auxiliary Carry (AC) carry bit éenerated
by an ADD instruction and used by the
: decimal adjust instruction UAA. ‘ o 1
. Bit 7: Carry (CY) carry flag which indicate;

that the the previous operation has

resustéd in overflow of the accumulator.

Conditional Branch Logic

The coéditional‘branch logic within the processor enab]es‘
several conditions ipternal and external to the processor
to be tested by the users program. By using the condition-
al jump instruction the following conditions can effect a

change in the sequence of the program execution.

Interrupt

An- interrupt sequence i% initiated by applying a low "0"

<& ‘ s

1evé1 input to INT pin. Interrupt is level triggered
and active low to allow "WIRE ORing" of several interrupt
sources at the input pin. The Interrupt line is sampled

every machine cycle during ALE and when detected causes a

"jump to subroutine” at location 3 in program memory as
soon as ‘all cycles of the current instruction are compiete. -t

As in any CALL to subroutine, the.Program Counter and

Program Status word are saved in the stack.




5.1.12

- 13 -

Program Memory 1ocatjon 3.usually contains and uncondition-

Wy :‘,‘_
al jump to an interrupt service subroutine elsewhere in
program memory. The end of an interrupt service subroutine
is signalled by the execution of a Return and Restore

Status instruction RETR. ‘The interrupt system in single °

Tevel in-that once an interrupt is detected all further

interrupt requests are ignored until execution of an RETR

re-enables the interrupt input logic. This occurs at %he
beginning of theqsecond cycle of thg‘RETé instruction.
This sequence holdS;true also for an internal interrupt
generated by timer 6§eff1ow. If.an ﬁgternal timer/counter.
generated interrupt and an external interrupt are detected
at the same ﬁf%g, ihe external source will bé® recognized.
1f needed, a sebohdtextérnaf interrupt'can be cfgated by’
eﬁab]ing the tiﬁér/dbunter interrupt, loading F?ﬁ in the
Counter {one léss‘than terminal count), and enabling the
event counter mode. A "1" to "0" transition on the TI
{nput will then cause an interrupt vector to -location 7.°

o

Interrupt Timing

The interrupi iqput may be enabled ot disabled under
Program Control using the EN I and DIS I instructions.
Interrupts are disabled by Reset and remain so until

enabled by the users program.

o I e 3

AT B e e
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v

An interrupt reques; mﬁst be removed before the RETR
1ns¥ruc€ion is executed upon return from the service’
‘routine otherwise the processor will re-enter the service
'routine immediately. Many periphera] deyiqgs preveht

tﬁis situation by resgtting the1r°interrupt'request line
whenever the proéessor accesses (Reads or Writes) the

peripherals data buffer register. If the ‘interupting

0

' device does not require access by the processor, one

°

-
[

“output iine of the CPU may be de§ignated as'an "interrupt .

2 acknowledge" which is'activateq by the éervice‘suﬁrbgtine

| to reset the interrupt request. The INT pin may also be
tested using tﬁe conditional. jump inst?uction JNI. This

' g,finétruction may be used to detect the.presence of a“pending
«interrupt before interrupts are enab]ed.’ If intefrupt 'JV

;js left disabies,wINT may be used as another test input
like T0 and T1.:

o°

\ 4 .

5. 1 13 T1mer/Counter B o "' ‘ '

. . .The CPU contalns a counter to a1d the user in counting
. external évents -ard generat1ng accurate tire. délays with-
out placwng a burden on- the processor }or these functions.
In both modes the counter operat10n9§h the same, the on]y
_difference -being ghe source of the 1nput to the counter.

It can work as a counter, an event counter and as a timer.

N ) -
L 4 ' . (l' »

e
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The 8-bit up binary counter is presettable and readable

. with two MOV instructions which transfer the contents of

the accumulator to the counter and vice versa. The

counter content is not affected by .Reset aﬁd is initalized

“solely by the MOV T,A instruction. The counter is Siopped

by a START T instruction or as an event counter by a START
CNT instruction. Once started the counter will increment

to its maximum courit (FF) and over flow to-zero continuing

Jdts coudt until stopped by a STOP TCNT instruction or™

[

Reset.
The increment from maximum count to zero_(overf1ow)
resu]fs in the setting of an qver%ﬁow flag flip-flop and

»

in thg generation gf an interrupt request. Thé‘state of
thé overf}ow g]ag:is testap]e with thé conditional jump D
instruction JTF. The flag is reset by executing a .JTF or
by Reset. The interrupt request is stored in a latch and
then ORed with the external interrupt input INT. The timer
interrupt may be enabled or agsab]ed 1ndepende1tfy,o% '/
external interrupt by the EN TGNTI and DIS TGNTI instruc-
tions. If enabled, the cougker overflow will cause a
gbbfoutjne call to Tocation 7 Qhere the timer ar counter
service routine-may be stored. If timer and external

interrupts occur simultaneously, the external source will.

be recognized and the Call will b? to location 3.

¥
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" counter to increment, The maximum rate at which the counter

(eyery 7.5 usec when using a 6MMz crystal)--there is no

an internal. clock to the counter input an%lenables the

—. .,

a3,

t - 16 - . :
-
z,
Since the timer interrupt is latched it will remain pend- : ﬁ
ing until the externa]'device is serviced and immediately ﬁ
P

be recognized upon return for the service routine. The
pending timer interrupt is reset by the Call to ]ocat1on 7
or may be removed by executing a DI&TGNTI mstructwn

reog

Execution of a START CNT instruction connecﬁf the T1 input

p1n to the counter input and enables the counter

Subsequent high to low trans1t1ons on T1 will cause the '
may- be incremented is once per three instruction cycles

/
minimum frequency, T1 input must remain high for at least

100ns after each transition,

As a timer, execution of a START T instruction connects

counter. The intérnﬁﬁ clock is derived by. passing the
Basis 400 KHz machine cycle clock ALE through a - 32‘
preséglér. The prescaler is reset during the START T
instruction. The resulting 12.5 KHz clock increments the
countér evefy 80 usec'(as§yming 6 MHz XTAL). Various
dé]ays between 80 usec and 20 msec (256 couﬁts) can be
obtained by presetting the counter and detectjoﬁ overflow.

Times 1onger than 20 msec max‘be achived by accumulating

multiple overflows in a register under software control.
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o

For time resoulution less than 80 usec an external clock

-
s ORI AL B o

can be applied to, the T input and counter operated in - o o

the event counter mode. ‘Ale divided by 3 or more can

. , . 4
serve as this external clock. Very small delays or "fine )

. : e .
tuning" of larger delays can be easily accomplished by §_
@ software delay loops. o g
5.1.14 Clock and Timing Circuits
' Timing generation for the CPU is completely se]f—éontained i . b
with the execption of a frequency reference which can be ‘ < .

XTAL, series RC, or external clock source. The Clock and

4

Timing circuitry can be diviged into the following funct-

€

jonal blocks:

5.1.14.1 Clock Generation

The output of the oscilator is dividéd by 3 in
the State.Counter to create a clock which defines
, the state times of the machine (CLK). CLK can bg
. made available on the external pin TO by exeégf:
ing éh ENTO CLK instruction. The output of 'CLK

on TO is disables by Reset of the processor.

5.1.14.2 Cycle Counter .
. ' 'y

CLK is then divided by 5 in-the Cycle Counter to

provide a clock which defines a machine cycle

consisting of 5 machine states.
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This Clock is called Address Latch Enable (ALE).

‘ H
'5.1.15 Initialization or Reset : . : %

The reset input provides a means for initialization for .
the processor. This Sgﬁmitt-Trigger input has an infernal
. puliup-régfstor which in combination with an external 1 ufd
. capacitor proQides an internal reset pudse of sufficient
lenght to guarantee 5]] circqitry js reset. If the reset
pulse is generatedtéxtérna11y the reset pin must be held at
ground (.5V) for at least 50 ﬁi]]isecondsvafter the poWef,
supply is within tolerance..
EXTERNAL RESET
L
“““{::>*’-i RESET
OPEN COLLECTOR =~ -
OR ACTIVE PULLUP .

POWER ON RESET

]

i
|




Reset performs the following functions:

1.
2.
3.

10.
1.

s

Sets progfam.counter to zero.
Sets stack pointer to zero.
Se]ecfs register bank 0: Cw

Selects memory bank 0. v,

Sets BUS to high impedance state.

Sets Ports 1 and 2 to input mode.

Disables interrupts (timer and'externall

Stops timer.

Clears timer flag. e
Clears FO and F1.

Disables clock output from TO.

5.1.16 Pin Desqgjption For 8085 UP

The following describes the function of each pin:

5.1.16.1

5.1.16.2

ADQ-7 (Input/Output 3-5tate)

Multiplexed Address/Data Bus; Lower 8-bits of the
‘memory address (or I/O’adqress) appear on thé bus
during the first-clock cycﬁe of a machine state.
It then becomes the data bus during the second

and third clock cycles.
fg-A15 (Output 3-State)

Address Bus; The most significant 8-bits of the

memor& address or the 8-bits of the I/0 address,
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3-stated during Hold and Halt modes,

-

—
BRI

8085 PIN CONFIGURATION

x1 o1 2 40 B v, i
" xg 2 39 Piheld R
reset out =3 UCH)—PHJ!;'ESSER 38 BPhlda
sod ] [1 . . 37\ ~clock out i
, trap 6 35 [ready
rst-7.5 (17 34 [pdoM
rst-6.5 8 8085—A-IN']§:L 33 DOs '
rst=5.5 19 , L 32 BB
wrr G0 31 -
WU ’ |
- o ' 30 CALE
AD0 112 29 S0
ADL 313, 28 A 15
© AD2 7]14 K A 27 A 14
. Ap3 15 | 5 26 DA 13
AD4 [J16 . 25 A 12
AD5 Aq17 24 a1l
/
ame Uis | ‘ 23 a0
. §
AD7 19 22 [ia9
v [Ja20 ‘ : -21 [~4A 8 ~
e - | U
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S0, S7 (Output) ’ Co v

Data Bus Status, Encoded stafus of tﬁe bus

, .cycle:
51 S0 |
- - N
0 0 HALT SN ¢
0 1 WRITE - - | \
1 0  READ
1 1 FETCH

5.1.16.4.

5.1.16.5.

- of WR. 3-stated during Hold and Halt modes.

. 5.1.16.6.

S1 can be used as an advancec R/W Statu;

RD (Output 3~state) ‘ ' T

READ; indicates the selected memory of I/0 device

is to be read and that the Data Bus is qvailab]e
for the data transfer. 3-stated during Hold and
Halt. .

g .
WR (Output 3-state)

WRITE; indicates the data on the Data Bus is to

be written into the selected memory or I/0

location. Data is set up at the trailing edge

ALE (OQutput)

Address Latch Enable: it occurs during the first
clock cycle of a machine state and enables the
address to get latched into the on-chip latch ’

of peripherals.




——
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5.1.16.7.

5.1.16.8.

| HOLD; indicates that another Master is requesting

. the use of the Address and Data Buses. The CPU,

" current machine cyc]ex Internal processing can

- continue. The processor can regain the buses

Y I

¥ [

A .

-

L *

-
P
SR RS

The falling.edge of ALE is set to guarantee set-
up and hold times for the address information.

ALE can also be used to strobe the status infor-

%
¥
A
“t

mation. ALE is never 3-stated.

READY (Input)

If ﬁgady is high during a read or write cycle, it
indicates that the memory or<periphera1 is ready
to send or receive data./ If Ready is low, the
CPU will wait for Ready to go high before com-

pleting the read or write cycle.

HOLD (Input)

upon receiving the Hold request,'will reTfnquish

the use of buses as soon as the completion of the

only after the Hold is removed. When the Hold is
acknow]edged, the Address, Data, RE, WR, and I0/M
lines are 3-stated.

HLDA (OQutput)

HOLD ACKNOWLEDGE; indicates that the CPU has .
received the Hold request and that it will

re]inquiéh the buses in the next clock cycle.

-/
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-l\‘:
HLDA goes low after the:Hold request is removed.

The CPU takes the buses one half clock after
HLDA goes Tow. ' *L«

5.1.16.10 INTR (Input)

4

~

INTERRUPT REQUEST; is used as é“general purpose
interrupt. [t is sampled only durﬁné the|next to’
the last clock cycle of the instruction. If it
is active, the Program Counter (PC) will be .

inhibited from incrementing and an INTA will be

sissued. During this cycle a RESTART of CALL
i¢

instruction can be inserted to jump-to- the
%nte;rupt service routine. The INTR is enabled
and disabled by software. It -is disabled by Re-
set'and immediately aftér f" interrupt is accept-

ed.

5.1.16.11 TRAP_ (Input)

&

5.1.16.12

Jrap interrupt is nonmaskable’ restart interrupt.

It is recognized at the same time as INTR. It is

- unaffected by any mask or interrupt Enable. It

has the highest prioritx of any interrupt.

INTA (Qutput)

INTERRUPT ACKNOWLEDGE; is used instead of (and
has the same timing as) RD during the Instruction

cycle after an INTR is accepted.

\
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4

It can be used to activate the 8259 Interrupt

chip or some other interrupt porti

RST 5.5 *
RST 6.5 . (inputs) ' o=
RST 7.5

RESTART INTERRUPTS; These three inputs have the
. . ~ N /

- same timing as INTR except they cause an internal

5.1.16.13

©5.1.16.14

RESTART'to be automatica]ly“i1§erted.
RST 7.5 Highest Priority =
.RST 6.5
RST 5.5 Lowest Priority
The priority of these 1nterrup£s is ordered as
shown above. These interrupts have a higher

priority that the INTR.
RESET OUT (Qutput)

Indicates CPU is being reset. Can be used as a
system RESET. The signal is synchronized to the

processor clock.

RESET IN (Input)

Reset sets the Program Counter to zero and resets

1

the interrupt Enable and HLDA flip-flops. None

of the other flags or registers (except
the instruction regidter) are .affected. The CPU
is _held in the'resét condition as long as_ Reset

is applied.

n S Sl
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5.1.16.15 CLK (OQutput)

C]dck Output for use as a system clock when a
crystal or R/C network is used as an input to

the CPU. The period of CLK is twice the X] Xz

, input period. } - .
5L16.16 10/ (Output)’ - e - o L. U

10/M indicates whether the Read/Write is to | ‘

- memory or I/o. Tristated during Hold and Halt ¢

'modes.

5.1.16.17 Xj, X2 (Input)

Crystal or R/C network connections to set the
internal c]ock’ generator. X7 can also be an /

external clock input instead of a crystal. The
input frequency is divided by 2 to give the in-
;ernél operating frequency. ‘

5.1.16.18 V(¢

5 volt supply

5.1.16.19. SID (Input) i‘

Serial input data line. The data on this line is

loaded jnto accumulator bit 7 whenever a RIM in-
»” p

struction is executed.

5.1.16.20 SO0 (Qutput)

Serial output data line. The output SOD is set .
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. or reset as specified by the STM instruction.
5.1.16.21- Vs
Ground Reference. oo
Al . ‘ ' /
/ Y
N
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6. DESCRIPTION OF INTEL 8111-RAM

Two Intej'8111-A4 RAM chjfs provide 256 bytes of static
read/write memory; an Intel 8155 combination RAM/I10/Timer provides
an additional 256 bytes of static read/@rite memory. Two sockets
are provided for installing up to 4k bytes of nonvolatile read-
‘only memory (ROM), which may be added in 2k byte 1ncrements using
Intel 2716 Ultraviolet Erasable and Reprogrammable Rdﬁ's (EPROM's)
or 8316E Masked ROM's. Optionally, if only 2k bytes are required,
ROM may be added in lk byte increments using Intel 8708 EPROM's
or 8308 Masked ROM's. | .

Twenty-two programmable parallel I/0 Tines are imp]émént-
ed using the I/0 ports of the Intel 8155 RAM/I0/Timer. The system
software is used to configure thg I/0 Tines in any combination of
unidirectional input or ou}put ports. The I/0 interface may be
customized to meet specific peripheral requirgmenfs. LQ order tol
take full advantage of the large number of possible I/0 configurat-

ions, sockets are provided for interchangeabie I/0 Tine drivers and

terminators. Hence, the flexibility of the I/0 interface is furth-

er enhanced by the capability of selecting the approprigte combinat;

jon of optional line drivers and terminators to provide the requir-
ed sink current, pelarity, and driVe/termination characteristics
for each application. The 22 programmable I1/0 lines’ and single .

. groung lines are brought to a 50~6in edge connector *{(J1).

r .

i
.
»
4
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. ' 7. DESCRIPTION OF INTEL 8155 RAM/IO/TIMER 4
a The :Intel 8155 ﬁAM/IO/Timer includes a programmable ]4;

A bit interval timer, which is canfigured‘by softwaée té meét thé:
"system requirements. Whenever a given time delay is needed, soft- |
ware commands to the timer select the desired operatiﬁg%ﬂgge. . The
current contents.(present count) of the timer counter and thé timer

4

mode bits may be read;at any time during system operation. Theéé: C .

are four timer operat1ng modes: . ' Y .

a. T1mer Out goes Tow during the second half of count

Iherefore, the count loaded in the Count Length

Register should be twice the timeout desired.

b. Timer Out remains high until the first half of the ‘\. o
0 : : count has been completed, and goes low for the second -
, ,

half of the count.. The count length is automatically

reloaded when the-terminal count is reached,

c. A single Iow pulse is generated uﬁon reach1ng the S
term1na1 count this function is -useful for generat- N ‘ N ] FJ
ing rea1—t1me clocks. , v ; f.

d.. A Diyide-by-N Counter genefates a repetitive Timer
Q;:' . OQut low pulse; a new ﬁulse traih,is\initiafed every

time the terminal colint is Yeachqd. - L.

-~

~Serial 1/0 capability is provided through the Serial In- . L K

¢

put Déta7(SlD)'and Serial. Output Data (500) functions of the CPU.
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These functions are controlled elxc'luﬂs‘i"'vew by software through the

execution ‘of RIM and SIM-instructions. The:baud rate f_e.i‘-’;?tijeéj‘seria1

‘inrte‘rface is determined. by the system time avaﬂatﬁéa “for the

ecution of s‘em‘af 1/0 support .software. Hence, the maximum baud ,

o rfafe supported t3_y the SBC 80/05 is so‘le'ly'de"pevndent on the overal 'I- ) . \
syﬂstem real-time software requiremer_\ts. Serial 1/0 signals are

1 TTL compatible and soc-k'ets are pr‘ovi"ded on the board for optional

T

installation.of RS232C Tine drivers and receivers. ,

-
.
.
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8. DESCRIPTION OF 8279 (PROGRAMMABLE KEYBOARD/DISPLAY INTERFACE)

The Inte] 8279 is a general purpose programmable keyboard

and quplay 1/0 interface device designed for use with Intel micro-
processors. The keyhboard portion can provide a scanned interfacel
to a 64-contact key matrix. The keyboard portion will also inter-
face to aé array of sgp£0r§ or a strobed interface keyboard,~§d§hr9
as’ the hall ef%ect and ferrite variety. Key depress{pns can be |
2-key lockout or N-key rollover. Keyboard entries set the inter- '
rupt outpﬁt line to the CPU.

| The display portidn provides .a scanned display interfaté
for'LED, incandescent, and bther popular display technologies.
Both numeric and alphanumeric segment displays may Se used as well
as simple indicatofs. The 8279 has 1§X8 display RAM yhich can be
organized into dual 16X4: The RAM can be loaded or interrogated
by théDCPU.‘ Both right entry,‘calculafor and left entry type-

’ ®

writer display formats are possible. Both read and wri;e of the

digplay RAM can be done with auto-increment of the display RAM

address.




a0 cs rd wF ) _Dyd,g 1,/0 CONTROL
COMMAND ) 0 x O .

a ' T [ K )
STATUS 100 x i H_ﬂ T .ﬂ _u
DATA-RD 0 0 0 x - ) -

DATA-WR 0 0 x D - INTERNAL DATA— BUS
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8 a 8
. ‘ SHIFT
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A \ - ;. .
. OUT: A0-3;B0-3 ‘ * BLANK~DISPLAY . m&d RL 0-3

N SCANNING FREUENCY
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8.1 FUNCTIONAL DESCRIPTION .

Since data input and display are an integral part of

many microprocessor designs, :the ‘system‘désigner needs an inter- ’

face that can contro‘l th’ese functions without placing a Hrge i .

load on the CPU. The 8279 provides this.function for 8-bit

'm1c1ropr0gessor‘s. . SRR ' ' '
' Th? 8279 has two sect1:ons: keyboard and disp} ay. The

keyboard section can interface to regular typewriter style key-

L}

boards or random toggle or thumb switches. Thé display section

drives alphanumeric displays or a bank of indicator lights. Thus

USRI IURERUS VUG AR

the CPU is relieved from scanning the keyboard or refreshing the
display.
h R The 8279‘1'5 designed to directly connect to the micro-
processor bus. The CPU can program all operating modes for the
8279. The:se modes include:
8.1.1 INPUT MODES (
— . Scanned Keyboa'rd - with encoded (8 X 8 X 4 key key-
board) or decoded (4 X 8 X 4 key keyboard) scan lines.
A key depr‘essidn generates a 6-bit encoding of key
poﬁition. Position and shift and control statys are

stored in the FIFO. Keys are automatically dgbounced

with 2-key lockout or N-key rollover.




-

8.1.2

QUTPUT MODES

.Scanned Sensor Matrix - with éncodéd (8 X §.matr1x
switches) or decoded (4 X 8 matrix switches) scaﬁ '
1ines. Key status. (open or closed) stored in RAM

addressable by CPU. | ”

.Strobed Input - Ddta on return fines during -control

line strobe is transferred to FIFQ,. -

.8 or 16 character multiplexed displays that can be
organized as dual 4-bit or single 8-bit.
.Right entry or left entry display formats.

.Other features of the 8279 include:

.Mode programming from the CPU.

.Programmable clock to match the 8279 scan times to’
the CPU cyc]e‘time.

.Interrupt output to signal CPU when there is keyboérd
or sensor data available. ‘ ‘

.An 8 byte FIFQ to store keyboarq informat;an.

.16 byte internal Disp]ay RAM for display refresh.

his RAM can also be read by the CPU. /

Al




8.2 HARDWARE DESCRIPTION

-

The 8279 is paékaged in.a 40 pin DIP. The following is

a functional description of each pin.

Bi-directional data bus. A1l data and
commands between the CPU and the 8279 are

transmitted on these lines.

_ Clock from system used to generate internal

A high signal on this pin resets the 8279.

Chip Select. A low on this pin enables the -
interface functions to receive or transmit.:

Buffer Address. A high on this line ;ﬁﬁi—'“'

Eafes the signals in or out are interpreted
as a command or status. .'A low indicates
that they are data.’

quut/Output\read and write. These signals
enable the data buffers to eithér send data

to the external bus or receive it from the

"~ No. Of'
Pins Designation Function
8 DBo-DB7‘
CLK
timing.

1 ~ RESET

L cs
1 Ao
2 RD, WR

‘external bus.

1 IRQ

Interrupt Request. In a keybbard mode, the
interrupt line is high when there is -data

in the FIFQ/Sensor RAM.

4

i

%

i

%
i
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No. Of

Pins

Designation

Function

36 -

’

4

-

8

“Vss, Vee

SLg-SL3

RLo-RL7

The interrdpt line goes low with each FIFQ/
Sensor RAM read and returns high if there'
is still information in the RAM. Ina =~
sensor mode, the interrupt line goes high
whenever a changé in a sensor is detected.
Ground and power supply pins.

Scan Lines which are used to scan the key
switch or sensor matrix and the display
digits. These Tines can be either encoded
(1 of 16) or decoded (1 of 4).

Return 1ine inputs which are connected to

" the scan lines through the keys or sensor

switches. They have active internal pull-

ups to keep them high until a switch clos- -

“ure pulls one low. They also serve as ‘an 8-

bit input in the Strobed Input mode.

The shift inﬁut status'is stored along

with the key position on key closure in the

Scanned Keyboard modes. It has an active

interna] Eu11up to keep it high unti] a

switch,,';;losuré pulls it‘]?«.
]

\f‘

v
»
5
]
4
%
R
4
’
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No. Of

. . . . 2
Pins Designation Function

b

1 CNTL/STB For Keyboard modes this line is used as 5

control input and stored like status on a

key closure. The line is also the strobe

line that enters the data into the FIFO in

the Strobed Input mode. (Rising Edge). |

It has an active internal pullup to keep

‘ it high until a switch closure pulls it 1ow.

4 ouT AQ-0UT A3 These two ports are the outputs fot the

4 OUT BQ-OUT B3 16 X 4 display refresh registers. The data
from these outputs is synchronized to the
.scan lines (SLp-SL3) far multiplexed digit

displays. The two 4 bit ports may be blank-

ed indepengéntly. These two portslg;y also

be cons%dered as one 8 bit port. )

1 BD .Blank Display. This output is used to.~

blank the display during digit switching

or by a display b}anl"ng command.

8.3 PRINCIPLES OF OPERATION

‘The following is a description of the major elements of

‘the 8279 Programmable Keyboard/Display interface device.

1
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© 8.3.1. .1/0 CONTROL AND DATA BUFFERS

The 1/0 control section uses the CS, Ag, RD and WR
lines to control data flow to and from the various
internal registers and buffers. A1l data flow té '
and from the 8279 is enabled by CS. The character

of the information, given or desired by the CPU, is
identified by Ag. A logic one means the infqrmat-

ion is'a command or status. A logic zero means the

information is data. RD and WR determine the

“direction of data flow through the Data Buffers.

The Data Buffers are bi-directional buffers that
. i' ' ‘ connect the internal bus to the external bus.
" When the chip is not selected (CS 1), the devices
are in a high impedance s#ate. The drivers input
during WR.CS and output during RD.CS. .
. . .

8.3.2. CONTROL AND TIMING REGISTERS AND TIMING CONTROL

These registers store the keyboard and display modes
and other operating conditions programmed by the CPU.
The modes are programmed by presenting'the proper
command on the data lines with A0=1 and then sending
. : a WR. The command is latched on the fiS{ng edge or -

~N
WR. The command is then decoded and the appropriate

function is set.




8.3.3.

The timing contro) contains the basic timifg counter
chain. The first counter is a N prescaler that can
be.progrémmed to matcﬁ the CPU cycle' time to the
internal timing. The presca]gr is software pro-
grammed to a value between 2 and 31" A value which.
yields an internal frequency of 100 kHz gives a 5.1
ms keyboard scan time and 10.3 ms debounce +time.” '~

The other counters divide down the basic internal

frequency to provide the proper kéy scan, row scan,‘ -

keyboard matrix scan, and display scan times.

SCAN _COUNTER

A TR

The scan counter has two modes. In the encoded mode,

“the counter provides a binary count that must be

externally decoded to provide the scan lines for the
keyboard and disp]ay;\\ln the decoded mode, thelscé%
counter decodes the least significant 2 bits and
provides a decoded 1 of 4 scan. Note.than when the
keyboard is in decodgF scan, so is.the display. This
means that only the first 4-characters in the Display
RAM are displayed.

In the encoded mode, the scan lines ;re active high

outputs. In the decoded mode, the scan lines are:

active Tow outputs.

€

PrOSERA R a1

d e .
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8.3.4 RETURN BUFFERS AND KEYBOARD DEBOUNCE AND CONTROL

" 8.3.5

The 8 return lines are buffered and latched by the
Return Buffers. In the keyboard mode, these Tines
are scanned, looking for key closures in that row.
If the debounce circuit detects a closed switch, it
waits about 10 msec té check if the switch remains
c]osed: If it doés, the address of the switch in
the matrix4p1us the status of SHIFT and COﬁTROL are
transferred to the FIFO. In the scanned Sensor .
Matrox modes, the contents of the return lines is
directly transferred to the corresponding row of the
Sensor. RAM (FIFQ) each key scan time. In Strobed
Input mode, the contents of the return lines are
tra;sferred to fhe FIFO on the rising edge of the
CNTL/STB line pulse.

FIFO/SENSOR RAM AND STATUS ’ ' 1_5
This block is a dual function 8 X 8 RAM. In Key-

- board or Strobed Input modes, it is.a FIFO. Each new

entry «is written into successive RAM positions and
each is "then read in 6rder of .entry. - FIFO status
keeps track of the. number of characters.in the FIFQ

and whether it is full or .empty. Too.many reads or

writes will be recognized as an error.




8.3.6

detected.’

- 4] -

The’%tgtus can be read by an RE with CS low and AQ
high. The status logic also provides an IRQ signal
when the FIFO is not empty. In scaﬁned Sensor
Matrii mode, the memory is Sensor RAM. Each row‘of
the Sensor RAM is loaded with the status of the
corresponding row of seasor in the sensor matrix.

In this mode, IRQ is high if a change in a sensor is

DISPLAY ADDRESS REGISTERS AND DISPLAY RAM

The Display Address Registers hold the address of

the word currently being written or read by the CPU

‘ ‘and the two 4-bit nibbles being displayed. The

read/write addresses are programmed by CPU command.

They also can be set to auto increment after each

read or write. The Dt;play RAM can be directly read
by the CPU'affer the correct mode and address is set.
The addresses for the A and B nibbles are automatic-
ally updated by the 8279 to match data entry by the
CPU. The A and B nibbles can be entered indepe&ﬁent-
ly or as one word, according-to thé mode that is set
by the CPU;/xData entry to the display can 5e set to
gither left or right entry. See‘interface_@onsiderat-

ions for detai]s.

e T P
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8.4 SOFTWARE OPERATION

\

8.4.1 8279 COMMANDS | | | .
The fof]owing commands program the 8279 operating modes.
The commands are semt on the Date Bus with CS low and )
Ao high-and are loaded to the 8279 on the rising edge
° of WR." ‘
) . , ! = .
8.4.2 KEYBOARD/DISPLAY MODE SE¥ v
o MSB - L LSB

0 0 8 8-bit character display

CODE: 0 0 0 D D K K K _
Where DD is the Display Mode and KKK is the Keyboard
Mode.

o ‘ :

\

Left entry

0 1 16 8-b1t“character display - Left entry
" (default after reset) )

1 0 8 8-bit character display

Right entry

1 1 16 8-bit character display - Right entry

For description of right and left entry, see Interface
. ~ .

Considerations. Note that when decoded scan is set in

keyboard mode, the display is reduced to 4;characters

indepéndent of display mode set.




LSS
. " 'i»'
KK ( .
N——— v . g 3
& 0 0 O 'Encoded Scan Keyboard - 2 Key Lockout 2.
o 0 1 Decoded‘Scan Keyboard‘- 2-Key Lockout g‘
C ) 1 0 Encodéé Scan Keybbard - N-Key Rollover f
r 0o 1 1 Deéo&ga,Scan Keyboard - N-Key Rollover § )
J 1 0 0 -Encgded Scan Sensor Matrix ) 5
1 0 1 Decoded Scan Sensor Matrix- i 3
) 1 % 0 Strobed Input, Encoded Display Scan
' 1 1 1 gtrobed*Input, Decghed Display Scan
- 8.6.3 PROGRAM CLOCK | , | .
. CODE: 0 0 1 P P P P P |
l Qhere PPPPP is the Presca]er'valde 2 t;-31. The pro-
g%ammab]e prescaler div{d;s the external clock by
- , PPPPP to get theﬂbasic inter6a1ﬂfrequency. Choosing D
a gi¥i$9r that yields 100 KHz will give the specified 2L

. scan adﬁ debounce times. .Default aftgata reset pulse’

' (but not a program clear) is 31.

[

8.4.4 READ FIFO/SENSOR RAM
CODE: O 1, '0.AI x A A

A=-X Don't Care R
Where Al is the Auto;Increment flag for the Sensor RAM
and AAA is the row that is going to 'be read by the CPU.
AI and AAA are used only if the mode-is §éé to Sensar - . " 5.

o Matrix. This command <is used to specity that the source
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8.4.5

V..

~

of data reads (CS . Rd . Ao) by the CPUfis the FIF0/

$ensor RAM. No additional commands are necessary as
lofg as data is desired from the FIFO/Sensor RAM,
Another command is neee§sary if reading is desired
from a different row than has been selected. ‘If Al
is a one, the row select counter will be incremented
after each read so the next read will ‘be from the next
Sensor. Ram row. /// &

In the Auto Increment mode for. reed1ng data from the
FIFO/Sensor RAM, each read advances‘the address by one

so that the next read is from the next character. This

Auto Increment1ng has no effect on the display.

READ DISPLAY RAM

CODE: 0 1 1 AL A A A A

Where Al is the Auto-Increment flag for the Diap]ay.
RAM and AAAA is the character that the CPU is going to.
read next. Since the CPU uses the same counter for
reading and writing, this command also sets the next
write location and Auto-Increment mode. This command
is used to specify the éisp]ay RAM as the data source
for CPU data reads. If Al is set, the character add-

ress will be incremented after each read (or write) so

, -that the next read (or write) will be from (to) the next

o »

N
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CA has the combined effect of Cp and'CF. Ca uses the
Cp clearing code to deterﬁipe how to clear the Dis-
play RAM. (€A also resets thé nternal timihg cpain
to resynchronizeiit. A

‘y

8.4.6 WRITE DISPLAY RAM -

CODE: 1 0 O AI A A A A

Where AI is the Auto-Increment flag for the Display

RAM and AAAA is the character that the CPU is going to

write nexty The addrgssing and Auto-Increment are
indentical to Read Display RAM. The difference i§
that Write Display RAM does not affect the source of
CPU reads. The CPU will read from whi}hever RAM
Uﬁéplay or FIFO/Sensor) was last epecif%ed; This
command will, however, changé the 1ocatjon the\next

Display RAM read will be from if that source was .

specified.

S

8.4.7 DISPLAY WRITE INHIBIT/BLANKING

CoDE: 1 0 1 X {}W Iw 'BL BL

A B A B .
Where IW is Inhibit Writing (nibble A or §) and BL is
Blanking (nibble Alor B). If the dispiay is being used

as a dual 4-bit displaj, then i4 is necessary to mask

1 BN

PR S
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character. - \

8.4.8 CLEAR ' T ‘/*

CODE: 1 1 0 C Cp CF Ca
Where Cp is Clear Display, CF is Clear FIFQ Status
(including interrupt), and Cp is Clear All. Cp is
used to clear all positions of the Display RAM to a
p;ogrammable code. A1l ones, alléigj%i.and hexa-
decimal 20 are possible. The 2 léast’significant bité
of Cp are also used to specify the blanking code
(see below).
Cb Cp ©Cp

0 ‘ X A1l Zerox (X Don't Care)

17 0 AB Hex 20 (0010 0000)

11 Al Ones - °

Enable clear display when 1(or by CA 1) .

Clearing the display takes approximately 160 us. Our-

| ing this time the CPU cannot write to the Display RAM. -

The MSB of the FIFD status word will be set during tﬁis ”

ﬁime. CF set the FIFO status to empty and resets the :
interrupt .output line. After execution of a clear

comm&nd with CF_set, the Sensor Matrix mode RAM pointer

will be set to row O.

‘ *
N
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one of the 4-bit halves so that entr1es to the
D1sp1ay from the CPU do not affect the other half.-
The IW f1ags allow the programmer to do this. It

is also usefu] to be able to blank either ha]f when
that half is not to be. d1sp1ayed The BL f]ags
b]ank’theﬁdisplay. The next command sets fhe output
code to be used as a "blank". Default after reset
is all zeros. Note that to blank a display formatted
as a single 8-bit output, 1t is necessary to set
both BL flags to ent1re]y b]ank the display. A "1"
sets the flag. Re1§su1ng the command with "0"
resets the flag.

v

END INTERRUPT/ERROR MODE SET

CODE: 1 1 1 E X X X X=X /,bon't‘ care
For the sensor matrix modes thf; comma;d‘}owers the, *
IRQ Tine and endbles further wrjtfng“into‘RAM.
(The IRQ line would have been raiséd,uﬁon éhe Jetect-
i;: of a change in a sensor valee.; fhi§>Qouid have
also inhibited further writing into the RAM until
reset).

For the N-key rollover mode - if the E bit §s .
programmed to "1".the chip will operatelin the special
Error mode.‘ (For further details,.see Interface

Considerations Section).

L

e e o ko
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8.4.10 STATUS WORD

84,71

\

The status word contains the FIFO status, error,’
and display unavailable signals. This word is read

by the CPU when A, is high and CS and RD are low.

" 'See Interface Considerations for more detail on

status word.

DATA READ

Data.is read when Ao, CS and Rd are all low. The
source of the data is specified by the Read FIFQ or
Read Display cbmmands. The trailing edge of RS-

_will cause the address of the RAM being read to be

incremented if the Auto-Increhent flag is set.
FIFO reads always increment (if no error qccurs)

independent of Al.

8.4. 12 DATA WRITE

Data that is written with®Ao, CS and WR low is

alway$ written to the Display RAM The address is

specified by the latest Read‘Disp]ay/ér~writé Display

" command. Auto-Incrémenting on the rising edge of WR

occurs if Al set by the latest display command.

- 13
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8.5 INTERFACE CONSIDERATIONS

/. 8.5.1 SCANNED KEYBOARD MODE, 2-KEY LOCKOUT .
« © There are three possible combinations of‘co’nditions -
that can occur during debounce s;:énm'ng. When a key
is depressed, the debounce logic is set. Other de-
‘pressed keys are looked for during the next fwoscans.
If none are encountered, it is a single key dépresé.ion
J and the key. position is entered into the FIFO along
. with the status of CNTL and SHIFT lines. If the FIFO
~was empty, IRQ will be set to signal the CPU that' there
is an entry in the FIFO. If the FIFQ was qu;' the key
will nét be entered and the error flag will be set. If
another closed switch is encountered, no entry to the
FIFO can occur. If aﬁ other keys are released before
this one, then it will be enterec{ to the FIFO. If this
key is released before any other, it will be entirely
ignored. A key is entered to the FIFb only once per
depression, no matter how many keys were pressed along
with it or in what order they\werg released. If two keys
are depressed within.;"t;he"debounce cycle, it is a simult-

aneous- depression. Neither key will be recognized until

one key remains depressed alone. The last key will be

. treated as a single key depression.

b <

i,
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8.5.2 SCANNED KEYBOARD MODE, N-KEY ROLLQOVER ‘

/’JB.S.B

command with Cp = 1.

With N-Key Rollover each key depression is treated
indepénd%ntly from all others. When a key is depress-

ed, the debounce circuit waits 2 keyboard scans and

then checks -to see if the key is still down. If it

is, the key is entered 1nto the FOFQ. Any number o -
keys can be depressed and another can b//re ognized

and entered 1n;o the FIFO. If a simultaneous depress-

jon occurs, the keys are recognized and entered accord-

ing to the order the keyboard scan found them.

SCANNED KEYBOARD - SPECIAL ERROR MODES

For N-key rollover mode the user can program a
special error mode.’ This is done by the "End interr-
upt/Error Mode Set" command. The debounce cycle and

key—va1idify check are as in normal N-key mode. If ////////

during a single debounce ¢!

, two keys are f:hnd de-

pressed, this is considered s«mu\;iple de-

eom
,,,,,,,
REad

pressidn, and setS/én:error,u1ag. Th1s flag will § pre-
[P ||

. vent any further‘erf%@g inﬁ ' the FIFO and will set

{nterrupt (if not yet Set)

The error flag is resef by s

i
1:, N




8.5.4

8.5.5

.
kY

SENSOR MATRIX MODE

In Sensor Matrix mode, the debounce logic is inhibit-

ed. The status of the sensor switch is inputted

- directly to the Sensor RAM. In this way the Sensor

RAM keeps an image of the state of the switches in the

sensor matrix. Although debouncing is not provided,

this mode has the advantage that the CPU knows how
long -the sensor was closed and when it was released.

A keyboard mode can only indicate a validated closure.
To make the software easier, the designer should
functionally group the sensors by row since this 1is

the format in which the CPU will read them.

The IRQ line goes high if any sensor value change is
detected at the end of a sensor matrix scan. The IRQ
line is cleared by the first data'read operation if the
Auto—Increment-flag is set to zero, or by the End In-

terrupt Command if the‘Auto-Incremgqy flag is set to

one. 2

+
v

DATA FORMAT

In.the Scanned Keyboard mode, the chara;ter entered
into the FIFO corresponds to the position of the

switch in the keyboard plus the status of the CNTL and

_ SHIFT lines (non-inverted).
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CNTL is the MSB of the character and.SHIFT is the

next most significant bit. Thg next three bits are

" from the scan counter and indicate the row the key

was found in. The last three bits are from the

column counter and indicate to which return line

the key was connected.

MSB ‘ LSB

CNTL  SHIFT SCAN RETURN

SCANNED KEYBOARD DATA FORMAT ’

In Sensor Matrix nmde,'the data on the return lines is
eritered directly in the row of the Sensor RAM that
corresponds to the row in the matrix being scanned.

Therefore, each switéh position maps directly to a

&

. Sensor RAM position. The SHIFT and CNTL inputs are

igns?ed in this mode. Note that switches are not
hecessari1y the on1y'thin§ that can be’connecied t6

the return lines in this mode. Any logic that canhbe
triggered by.the scan lines can enter data to the return

Tine inputs. Eﬁght multiplexed inputs ports could be

N | (
tied to the return lines and scanned by the 8279, .

MSB . LSB

RL7 RLg RLs RL4 RL3 RL2 RL1 RLO

In Strobed Input mode, the data is also entered-to the

- FIFO from the return lines.

\
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The data is entered by the rising edge of a CNTL/STB
line pulse. Data can come from aanher encoded key-
board or simple switch matrix. The';eturn lines can
also be used as a geheral purposgggtrobed,input.'

Y

MSB ' / LS8

i 7.

RL7 RLe RL5 RL4 RL3 RL2 { RL1 RLO
DISPLAY

8.5.6.1 Left Entry

i

Left Entry. mode is the simp]ést display format in that

‘each display position directly corresponds to a byte

(or nibble) in the Display RAM. Address 0 in the RAM

is the left-most display character and address 15 (or

. address 7 in 8 character display) is the right most

display. character. Entering characters frqm position

zero causes the display to fill from the left. The

17th (9th) character 1steﬁtered back in the left most

position and filling again proceeds from there.

. LEFT ENTRY MODE (AUTO INGREMENT)

e e A S




Note that now, tie display position and register add-
ress do not correspond. Conseﬁtw, entefinga

"character to an arbitrary position” in the Auto Incre-

] ' ment mode may habe unexpected results. Entry start-
i ing at Display RAM address 0 with sequential entry is
L -

recommended. -

A NS N

9. DESCRIPTION OF THE HARDWAﬁE DESIGN

4 ' .
The SBC 80/05 is composed of the following functional

blocks: -

a) Clock Generator (inc]ysing power-up: reset).
b) CPU (including interrupt control).
v | E) Bus Interface (address bus drivers, data bus‘dr{vers,
and bus controllers). |
* d) Randon Access Memory (RAM).
) e) Read - On]y Memory (ROM/EPRQM) .

f) Programmab]e Keyboard / D1sp1ay Interfact
gr~Serial I/O Interface '4.> {

- g

‘ T '
h) Parallel I/0 Interface (including programmable timer).
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. . 9.1.. COMMUNICATION BETNEEN CPU AND THE OTHER LSI

Al

CPU, which 1s the heart of the system, performs all the
system processing functions and generates the address and control
signals required to access memory and I/0 ports. The CPU multi-
plexes 'the 8 - ﬂzt data bus and the lower eight bits of the add-
ress bus. ‘During the first part of’the machine cycle, the lower
eight bits on the address/data bus are latched into Demultiplexer
U18 and RAM/I0/Timer U15. During the temainder of the machine
cyé]e the bus is used for memory and [/0 data tranéfers. The CPU
responds to interrupt requests originating from jympercse]ectable-‘
sources. As shown in block diagram, fhese intérrhpt requests may

be generated by the on-board timer and parallel I/0 ports, by one

_ or more devices via the Multibus, or by an external source.

o ' ) ) ° ' ’
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a ,The 8155 timer is e‘programmabJe ﬁ4—bit~hinary down- ’
counter that counts the input pulses and outputs eitper a square
: wave or a pulse when the "termina]-coun{:" is reached. The count - ’ i .
Tength ‘and 'tilnér outp—ut mode are loaded under program controL.
The four se]ediable timer modes are as fpllows: - o g '
‘o, a) Timer Out goes Tow during the second ha1f of count. Q
] - Ther‘efor‘e, the count loaded in the Count Length '
‘ ‘ E?glste,r" shou]d ‘be twice the t‘1meout desired. ) l z
'.‘[ - e b) Timer.0ut remains high until-thesTirst half-of the . E
) .count‘has been completed and goes. low for the second ’ g
R . “* Ralf of the coufit. The count. length is automatically ¢
‘ ’g# f' S reloaded’ﬁnen the terminal count is,redched. Q )
” c-) c A .sing1e low pulse is generated upon reaching the
’ terminal count; this function js useful for generét; _ ' ~s:

. T ing real-time clocks. : : B
. :

‘4

. d) A Divide-by-N Counter generates a repetitive, Timer oo,
‘ & ’ ) ¢ ‘ ' . .‘ e . .i. ,‘
. low pulse; a new pulse train is initiated every e kB
. v ) - . ’?U& ] . . 4 i ‘ LM v ,
; ' o time the terminal count is reached. ' B R
Sy T . ' b . %q \
v b .“ N ‘ .
,9.2- CIRCUIT ANALYSIS L o . e I
"’ o~ The schematlc d1agram }or the SBC 80/65 1§ glven «’Both S .
» ladl P J . ‘ .

active- h1?h .and active-low signals are_ used A 51gna] mﬁemon1c ‘ L g"‘

y that ends with a virgule (e g., 0AT7/) denotes that the. sxgna] s’

v,
‘

active 1ow ¢ O. 4V)




Conversely; a signal mnemonic without a virgule (e.g., ALE)

©s
denotes that the signal is active high ( 2.0V).

9.3 INﬁIALIMTION

- ' ‘ When power is apphed 1n a star't' up ‘sequence, the con-
| tents of‘the QPU program counter, instruction (Seg1ster ané! interr-
o “ v u‘pt enab]oe fh’p—ﬂo}ﬁre subject to rando[nwfactors and cannot be¥
| ° predicted. For this™reason, a power-up seqﬁence is used to set
_ the &CPU (as wel] as Bus Controller U19 and the 1/0 ports of Ul5)

to a known internal state. r

| - ot When power 1is 1n1t1a11y apphed to the SBC 80/05, cap-
é ‘ - ac1tor' C1 (1ZC7) begins to charge through resistor R4. The charge
el j deve]o;;ed across C1 is. sensed by a Schmitt trigger, which is’ inter-
na]( to Clock Generator A3. The Schmitt trigger converts the slow
transition appearing at pin 2 .into a c/’lear, .fastfris‘ing synchronized
RESET output signal °afc pin 1. The RESET signal ié ‘invertedmby open-
" . collector gate U24-3 to produce Im‘tialig signal INIT/, which is
} : distributed as shown on block c.h'agram. The INIT/ signal clears the
< . . \ , AR

? ,' CPU program counter, instruction/register,"and interrupt enable . . _

flip-flop; -initializes the three I/OJ ports of. Ul15 to the input

' ’ mode; and sets Bus controller U19 to. a known internal state.
- [\ o | : | , . . - . - :

L4
/ :
. .




‘ther d1g1ded by U]4 (21B6) to produge the 122-88-kHz input to U15 .
' (32D4). | L
The Bus Intérface allows the SBC éO/OS to use a system ‘
" bus that is common’ lo other master dev1ce$ (e.g.,"CPU's and DMA .
contro]]ers), thus a110w1ng system memory and L)O devices to be n .,
. shared on a pridﬁit} basie. The pr%mary'elemenf'df the Bus Inter- . |
face i< Bus Eonféo]lerlns which oﬁerates’synch;onee§1y with the ; . ) )
bus clock (BCLK/) and cnns1sts of the fol] owing functional sections: ©oe
o J'ﬁ booa) Bus arb1;rat1on logic to reso]ve bus content1on in ’/ ] f .
. 05/: ) ] mult1ple master ‘systems. ' " l, f . f '. e
..;-' L 7. b) Tun1ng logic, 1n1t1ated by the bus arb1t§ﬁt1;e 1ngc, _' . f
- ',JE.' to*ensure adequate setup and ho]d tﬁmes for the add- va
; R gess«and' data p]acegﬂ on-the’ Mu1t1pus, e ’
I ] e ] N

Ik Al Mg

/
i
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9.4 CLOCK CIRCUITS

_ The time base for the SBC 80/05 is provided by Clock

Generator U3 (1ZC7) and crystal Y1. The 19.6608-Miz output of U3

e et
. .

is divided by U12 (2ZC6) to produce a 9,8304-MHz signal, which is
driven through gate U30 to produce Multibus clocks BCLK/ aﬁa CCLK/.

Jumpers W7 and W8 are provided so that, when removed, some other . .

O b An

master module can be used to generate one or both of these clocks

if desired.
The 19.6608-MHz output of U3 is divided by U2 (1ZD6) .

" .

to produce a 3.93216-Miz clock input to CPU U1, which internally

d1v1des this into a 1.96608-MHz clock output. This output is fur-
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also generates read/write control signals. - .
¢) Output drive.logic for driving the bus memory and
I/0 command (control) 1lines. '
When the SBC 80/05 gains control of the Multibus to »
perform a Qn‘te opgration, the Bus Controller gates the device
address and data onto the Multibus and issued a Write command. In
) performing a reac_i operation, the Bus Controller gates the device
addr‘gss onto the Multibus and"issues a Read command. Operations
between the C!;U and the on-board mémor_y ;;nd 1/0 ports do not
req;.lire the Multibus. Notice in block d1agram that the data bus

- drwers are bidirectional And the address bus drivers are unid-

irectional. This.allows the SBC 80/05 full control of the Multibus
*but prevents other modules from gccessing the SBC 80/05 memory o
and 1/0 ports. . ‘ :

_The SBC 80/05 provides eight-bit words of static Ran- _
. dom Access Memory (RAM). Two Intel 8111-U4 devices provide 256
‘ words in locations 3EQ0-3EFF. The Intel 8155 .RAM/10/Timer pro- °
vwces 256 eight-bit ‘words of static RAM in' locations 3F00- 3FFF
t T;ns 512 word RAM storage area requ1~re/s/ne1ther refreshing nor ;10ck
inputs, thereby providing theCPQ ‘\inmeﬂiate access to the addressed

location.

3 i
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Two IC sockets are provided to allow to install either

2K or 4K bytes of Read Only Memory (ROM). We install two Intel.

2716 (2K x 8) or 8708 (1K x 8) ultraviolet erasable and reprogram-

)mab]e ROM's (EPROM's) for progrém development or install two Intel

8316E (2K x 8) or 8408 (1K x 8) m:ésked ROM's containing a dedicat-
ed program. Depending on-the type of ROM or EPROM installed, the
address locations are 0000-07FF (tv‘v;) lK‘x 8-bit chips)/,or 0000-
OFFF (two 2K x 8-bit chips). '

The Serial 1/0 Interface i’s accomplished-via the Serial
Input Data (SID) and Serial Output Data (SOD) pins on the CPU. °
[;ata on the SID line is loaded into theJCPU by.a RIM instruction;
data on the SOD 1ine is set or c]earecrby a SIM instruction. Data
buffers are provided for TTL level interface. Sockets are provided
for the installation of level converters for FS$232C interface.
o The ParaUe] 1/0 Interface consists of three general
purpbse:ports provided by the Intel 8155 RAM/I0/Timer. Each of
;che three ports can be programmed to be eiphe;‘ an input port 'or an
output port. One of the three ports' (Port 03) can be prog}'ammed to
be status -piné, thus aﬂ_pwing the other two ports (Ports 01 and 02)
to operate in a handshake mode‘. The 1/0 portion of the 8155 cont-
ains four internal registers - one regfstar for command and status
and one data register for each of the three ports. Sockets are pro-
vided for /the installation of input terminators or o.utpuff dr'¥yers as

required by the user's configuration.
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9.5 INSTRUCTION TIMING ;
[ :
{The execution of any program consists.of read and write

operations,\where‘each operation transfers one byte of data between

|

"the CPU and)a particular memory or I/0 address. Although the CPU

can vary thl address, data, type, and sequence of operations, it is

capable of gefforming on1y a basic read or write operation. With

“the execption of a few control lines, such as Address Latch Enable

(ALE); these read and write operations are the only communication

o

necessary between' the processor and the other components to execute

)

any instruction. .

An instruction cyc]e‘is the time required to fegch and
exécute an instruction. .During the fetch phase, sthe selected in-
struction (consisting of u; to three bytes) is read from memdny and
stored in the operating registers of thé CPU. During the execution
phase, the iQ§truct10n is decoded by the CPU and translated into
specific processing acgivities. ‘ W

Each'instruction cycle consists of up to five machine
cycles. A machine cycle is required each timé the CPU accesses
memory or an I/O‘port. The fetcﬁ pha@e\fequires one machine cycle
for each byte to ke fetchéﬁ. Some instructions do not reqdire any
machine cycles otWer thﬁn those necessary to fetch the instructions
from memory; other {nstruction, however, require and additional ‘

N .
machine cycle(s) to write or read data to or from memory or 1/0

!

devices.
\

-




: ' Every instruction cycle has at 1eas£ one reference to
'\ memory during which time the instruction is fetched. An instruction
cycle must always have a fetch, even if the execution of that inst-
ruction requires no reference to memory. The first machine cycle in
_every instruct}on cycle is therefore a fetkh, and beyond that thére
are no specific rules. - For instance, the In (input) and OUT (out-
put) instructions each require three machine cycles: fetch {to

obtain the instruction), memory read (to obtain the I/0 address .

»u.-)‘....-;,g—c‘unﬂw.g.’“, N 2 s dr ol g kb

\ of the peripheral), and an input or output machine cycle (to com-
plete’ the transfer).‘ |
Each machine cycle consists of a minimum of three and a
;v \ maximum of six states designated'T1 through T6. A state is the -
smallest:unit of processing activity and is defined as the inverval

between two successive falling edges of the CPU clock. @ach state

(oer?U‘c1ock cycle) has a dpration of 508 nanoseconds (derived by
djvid;ng the.crystal~frequeh;y by 10). J‘
r . ‘ \ | Every machine cycle normally consists of three T-states
‘_with the*execption‘of an opcode fé;Eh, which consists of either
} four or six T-states. The actual nufber of states required to
execute any instruction depends on the instructi;; being executed,
the particular machinefcycle within the instructioﬁ cycle, and the
number of wait $tates inserted into the'ma;hine cycle. fhe wait

, | ‘
state is initiated when the READY input to the CPU is pulsed Tow.

o e : ‘ .
S : : . : -
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There is no wait stateimpose& when the «CPU is address-

ing on-board I/0 or memory. As discussed.later in this section, the

wait state occurs only while waiting for QACK/ to be pulled low in
response to an off-board [/0 or memory reai or writg operation.
Thus, the wait state depends on how quick]y\the Multibus can be
accessed and speed of the addressed memory 6r 1/0 device.

The following figure is presented to show the relation-

ship between an instruction cycle, machine cycle, and T-state.

This example shows the execution of a Store Accumulator Direct

"(STA) instruction involving on-board memory. Notice that for this:

instruction the opche fetch (machine cycle M1) requires four T-

. st%Fes and the remaining threencycles each require three T-states.

The opcode fetch is the only machine cycle that requires
more than three T.states. This is because the CPU md§€’interpret -
the requirements of the 6pcode fetched during T1 through T3 pefore

L 4

it can decide what my®t be done.in the remaining T-state(s).
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INSTRUCTION CYCLE

MACHINE CYCIE -
)
) IN
T STATE <m ML ™ "
CLOCK
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gg MEMORY WRITE

ADDRESS BUS  THE ADDRES (PC) POINTES TO ' (ME ADDRESS(PC 1)POINTES THE ADDRESS(PC 2) POINTES THE ADDRESS IS THE DIRECT

OP-CODE OF THE INSTRUCTION THE 2ND BYTE OF INSTRUCTION 3RD BYTE OF INSTRUCTION ADDRESS

DATA BUS INSTRUCTION O CODE LOW ADDRES BYTE OF THE HIGH ADDRES BYTE OF THE CONTENT OF THE ACCUMLATOR

THE DIRBCT ADORESS DIRFCT ADDRESS
(STA)
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At the beginning of T2, the CPU pulls the RD/Vine low to -

enable the 'addressed memory device. The deyice will then drive the
ADO-AD7 lines. After a perigd of time, as deter&ined by the agcess
time of the addressed memory deggce, valid data (the DCX instruct-
ion in this example) will be present on the ADD-AD7-lines. During

T3 the CPU‘]oads the data on DCO-DC7 into its instruction regjster

~and drives RD/ high, disabling the addressed memory device. During

T4 the CPU decodes the_ opcode and dgcides whether or not to enter
T5 on the next clock cycle or start a new machine cycle and enter
Ti. In the éése of the DCX instruction, the CPU_wi]] enter T5 and
théﬁ T6 before beginning a new machine cycle.

The fodlowing figure is identical to the Jast one with

one execption, which is the use of the READY input to the CPU. As

. shown on thié figure, the CPU examines the state of the RéﬁDY in- ¢

put during T2. If the READY inpy§ is high, the CPU will proceed to
T3 'as shown in last figure. If the READY input is 1ow; however,
the CPU will enter the Twait state and stay there until READY goes
high. When READY goes high, the CPU will exit the Twait state and

A

enter T3. The external effect of using the READY:input is to pre-

serve the exact state of the CPU signals at the end of T3 for an

- i
integral number of clock periods before finishing the machine cycle.

This "stretching” of the system timiné, in effect, increases the

allowable access time for memory or [/0 devices. By jnserting Twai;i

4
states, the CPU can accommodate slower megory or sTower I/0 devices.

A
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A common use of the READY input is to single-step the CPU using a
manual switch, It should be ‘noted, h"owever,, that access to thg on-

board memory and I/0 ports does not impose a Twait state. \

9.6 OPCODE FETCH TIMING

. Thg following figure shows the timing relationship of a

typical opcode fetch machine cycle. At the beginning of T1 of every

. machine cycle, the cpy performs the following:

) S a)

* " address-data 11’nes ADO-AD7.

d)

Pulls 10/M low to signify that the machme cyc'le is
a memory reference operatwn. (The CPU also dmves
status lines SO and S1; however, these Tines are not

used by the SBC 80/05.) L
Places high-order‘ bit%b (PCH) of program’counter ontc;'.

[

address lines U8-U15. These address bits will re-
main true until at‘1east T4. |
Places low-ordergbits (PCL) of brogna;n counter onto.
These address bits i«n’]& )
remain,true for only one clock cycle, after which
ADO-AD7 go to the1\r~h1gh 1mpedance state as indicat-
ed by the dashed hne ‘in the following figure.

Activates the Address Latch Enable (ALE) signal.
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9.7 MEMORY READ TIMING

/
The following figure shows the timing of two successive

—memory read machine cycles, the first without a Twait state and the
second w{th'one‘Twait state. Disregarding the states of the SO and
S1 lines, tﬁe timing during T1 through T3 is indentical with the
opcode fetch machine cycle without waift\\The major difference
between the opcode fetch and memory read cycles is that aﬁ opcode

»fetch machine cycle requires four or six T-states whereas the Tgmo-
ry'read machine cycle requires only three T-states. One minore dif-
ference between the two cycles is that tﬁ; memory address used for

the opcode fetch cycles always the contents of the program counter

" (pC), which points to the current instruction; the address used for

b

a memory read cycle can be one of several origins. Also, the data

read from memory is placed into the apprdpriate.reﬂ?ster instead of -

the instruction register. Note. that a Twait can be imposed by slow-

; J
. er memgry devices a previously described.

1§
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MEMORY READ (OR 1/0 READ) MACHINE CYCLES

-

9.8 %1/0 READ TIMING : o s

The figure at the beg1nn1ng of th?!page also'illustrates
the timing of two successive I/Olread machine cycles, the first
without a Twait éta;e and the second with one Twait state. With
the execption of the I /M status s1gna1 the timing of a memory
read cycle and an I/0 read cyc]e 1s identlcal , For an 1/0 read, .
I/OM is driven high to identify that the current A:Ehine cyc1e~is 'Tﬁ’

re?eyencing an I/0 port. One other.minor execption is that the

address used for 'an 1/0 read cycle is derived from the second byte

of an. IN 1nstruct1on, this address is duplicated onto both ‘the .U8-: i /
U5 and ADO AD7 Tines. ' ‘\}S o."
o
‘ ] ’ ! l,.
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. A
The data read from the 1/0 port is always Blaced 1n the accumu1ator

. B .
spec1f1ed by the IN ﬁnstruct1on Note that a\Twa1t may be iwposed: -~
~ \ ) N
by s]ower I/O dev1ces as descr1bed for s]ower memory dev1ces oL / . @
4 . - . “ ) . ) . . . ¢ \ »:
. = 9.9 MENORY WRITE JIMING o 8 . -j )

v The ffgure in page 73shows the timing of two success1ve

- 4

memory wr1te machine cycﬂes, the frrst w1thout a Twa1t state. 3

Adain, d1§regard1ng the. states of the SO. and S1 11nes, the timing ’ -

,.( ‘ . o

r
dur1ng T1 1s identical ; to the\t\F1ng of an .opcode fetch, nemory
v [
) read, and 170 read -cycles. The differepce occurs, howeye , .at.the

- e S e

. end of TI. Fof"instance, in a memory. read cycle the ADO-AD7 1jnes

-

dre. disables (high 1mpedance) at the geg1nn1ng of T2 in ant1c1pat--

T C U
ion 6? the returned data. "In a memory write tycle,; the ADQ-AD7 \ ) X 3 N

Loa . . ;-
lines are‘not disabled and the data to be written into memo?},is ‘ ¥ ) B -

. \ . . . .
placed on these.lines at the beginning of T2. ‘The Write (WR/) Tine
is driven low at this time to enable the addressed'hemory device: ‘

Dur1ng T2 the READY input is checked to determ1ne If a Twait state

»

is required. If the READY input is low, Twait states are inserted® . - “ D;i: 3

until READY goes high. During T3, the NR/ line 1is dr1Ven h1gh to

disable tﬁ addressed memory device and ter’mmatahe mory write . - I

N

.operation. 'Note that the contents-on the address and data lines do

i

netrghaﬁge until "the next T1 state.
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SR Bus C6ntro]1ex)' U19 arbitrates all requests for‘cont}'ol . %
v oof the Multibus. When the. SBC 80/05 acquires control of the Mut1- ‘
' bus, t he Bus Controller generates the, appropmate memory or [/0
cemmand and enables ‘the addrPs onto the Mu1t1bus by enabling the

’ Address Bus thers The Bus Controﬂer also enabl s the Data Bus
B Dnverﬁ wh1ch dependmg on Whether the operatwn is a read or :
"”, e ‘ wr1te, traisfers data from or to the Mu1t1bus The RC network (R8
and C13) c@nnected to the DLYADJ input \of the Bus Controller pro-
vices a 70- nandsecond _delay to.ensure an adequate setup and hold

re1at1onsh1p between the address/data 11nes and the appropn(ate

¥

-
ifivase e v
E]

. control s1gna1s ‘ w

The falling edge of the- BCLK/ signal proy;des a t1m1ng
- reference for- the bus arb1trat1on logw - Bus’ arbttratwn begms '

-

-y,
when the (‘,F‘U needs access- to an externa (. memory or 1/0 port when \

oy
;
9
S
%
L
i$]
3

-

this reqmrement"accuﬁrs, the Commahd (CMJD} and Off—Board Request

" (OFF BD REQ) are both high ‘at the Transfer Start Request (XSTR) ;
. | ' input to the Bus Controller. The Bus Control
~

v ’ L
r drives Bus Request - \
e ’ : v . B

/o ' (BREQ/) Tow an® forces Bus Priority Out (BPRO/) Nigh.  The BREQ/ ! -

BPRN/ input to the Bus Contro]ler is dmven Tow wh1ch on the next

o | _ falling edge of BCLK/, drives W and ADEN/ outputs low
o . - ' 3 - vy

'
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‘H” ‘Th'e BUSY/ output indicates to i més’qei* ‘devices that the bﬁs.is in
) use and “pr'ohibits any ‘other.' mast’e‘r‘ from acqu‘im'ng control of the o
bus; the ADEN/ output enables the Address Bl‘Jé ‘Drivers and Data Bus - ?
L o : Drivers. The ADEN/ output also activates 'tHe Bus’ (;ontro(],‘ (BUS | g !
Vi r ' = ) CTL/a) signal, "which i;s apph‘ed:‘to the input of ‘gate U23-8 (1286)
As d1scussed 1ater, tbe BUS CTL/ s1gna1 is used m COﬂJUﬂCthﬂ with i '
, Transfer Acknowledge (XACK/) to actwate the READY input to the CPU 4
0’ ' I 5 volt
- < ‘ !

?
Sy
PR “ .. “
3 « - ‘
Lo _
’, N B
e N
i e IR st . -
' \/ . \
C ' A
mt) E—ZVCSet—Vled \""""—",
<25 pa , . |
- B . : .
i 7 ; ) . 1
. & ’ ,\ ' \
, - . N ‘
1 - LY & ’\_, ‘ ) ) "
B ’ N - 1] e ——————
i » — 1
y N~ o = |
’ ¢ |
t ~ . ‘. ’ . / ' . “
( { e ! ‘
, T : - - . A " \
, 1 ?) " ’ N , L
o AL ~ TR G 1 N




- 74 -,

- Y

4 - 3 |
A T AR
X Tom _ew oraom - -

’
o
j
— ':/ ;4\

;@é . X B Joo i
. - “ ! ' m . - N 'Y i‘
- AO-AB Y 7 aoany 1y DO > : %
apg-ahg s N ;.
e - ] ’
N ‘ i .
=\ o T
. =T hd a N * R
. .
2 _s"'—'_‘\\ . /—— \ . ,/J\ .
‘ ©
{ . '
B MEMORY WRITE (OR I/0 WRITE) MACHINE CYCLES '
) n
9.10 1/0 WRITELTIMING , ' \
' “‘ ’ .
The }ast figure®also illustrates the timing of two
successive I/0 write machchyc]es, the first without a Twait state
and the second with one Twait state. w1th the execption of The .
Yy
I/OM status signal, the timing of a- memory wr1te cycle and an I/O ~
write cycle 4\ identical. .7 o
..“: . ‘, M ‘ T - \( ) N AK
9. MULTIPLEXEb ADDRESSS /DATA BUs -, . /
i The lower eight bits (ADO-AD7) of the memory address or
. 4 7 LN

I/O .address (depending on whether a memory refer%nce machme cyele

or an I/O reference machme cycle 1sb1n progress) are output, by
? .
the CPU dlring the Rrst clock cycle (T1). The ADO-AD7 h‘ne\s become, -

. \ B
™~
e . "
. , "7 .

. ‘ - l‘ A

: ' * . 4;"@ "t .

‘ . ' 3 _

' N * e . [y

the_data bus during ‘the second and third cycles (T2 and T3).
oy ‘ ‘. 4 . ' ) :
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The traj]ing edge‘of the Address'Latch Enable (ALE) signal issued

by tHé%CPU during wagtfobes\t$§§e eight address Bits into Demul-

tiRlexer.U18 (12C3) and into.RAM/IO/Timer U15 (3ZB6).. * The Tow-
o /’; order address bits (AB-AB7) fron UIE are placed on the SBC 80/05

-qdﬁress bus together with the high-order address bits (ABO+AB7).
" Tpis 16-bit address bus (ABO-ABF) is distributed tg Address Bus -

-

" (31286). [/ " SR

9.12 MULTIBYS INTERFACE C

N »

_ . Drivers U31-U33 (2ZA2), ROM/EPROM U16-U17 .(3ZA5), and RAM U39-U40

*

Thg Multibus interface consists of unidirectional

. a ” ﬁ@ )
.Address Bus Drivers U31-U33 (2ZA2), bidirectional Data Bus Drivers - '

U34-U35 (2234);"gn& Bus Controller U9 (2204). .
, L

w




) K\\
The Bus Controller now examines the I0/M,RD/, \ﬁnd WT/
inputs and then outputs the appropriate command signal-as fo]]owsz"”
10/M RO/  WT/ BUS COMMAND .

ke

.0 ' ‘ Memory Read Command
MRDC/ ’
Memory Write Command

MATC/

" /0 Read Command

- T

.IORC/

"1/0 Write Comand -

106/ -

-

L)
*¥ ¢ If the bus command is either an IORC/ or a MROC/, the

‘Bus Controlier dr1ves its Read Data (RDD) signal h1gh to the D1rect-

¥

ion Input Enable (DIEN) input of bidivectienal Data Bus Dr1verslu34-

4

U35.. When DIEN'is'driven high, data is transferred from ﬁhe’Mu}}i—
bus to the 5BC 86/05. ff‘the bus command is either an IqwC/;qr a.
MATC/, RDD is™driven Tow and data is.transferred from fhe SBC 80/05* "
tg the Mu1t1€'§ o Ca , } ’."
The SBC 80/05 can lose control of the Mu1t1bus if 1ts
/%PRN/ 1nput goes\h1gh or when the CMD -is comp]eéld‘ Th1§ capises - ‘the

Bus Control]er Trapsfer Complete (XCP) input to go low. In no ¢ase,
L

\ however, will the SBC eo/bs lose control of the bus if the transfer
v .

. is not complete or if the overr1de funct1on is invoked.
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~10. THE INTERFACE DESCRIPTION

. The progr"grmable keyboard/Display Interface has two sec-
tioﬁs: Ke,_ybdard and Display. The Keyboard se&tion can Intgrface to
re.‘gul‘a?ty'pewri ter style, Keyboards or random toggle or thumb
switches. The disp1;xy sectipn drives alphanumeric displays or ‘
bankFof indicator 1ights TIL-31I3.
the Data Bus, and at the sa\‘me time the..UP will send a WR signal fo
‘I't, So the address FC will enable the chip CS and writing it to

8279-wh11 crjeate'WR signal. Those two signal WR.CS will put the

J
Driver of the 8279 in the input MOD.: . ‘ .

., MWhile reading from 8279 will have another two Combined

J -

s1gna ¥ RD mwh will put the 8279 1n the Qutput Mode.
) So to write to Control or Timing Register you have to
| send a Command by making Buffer address AO a logic h1gh ¢
‘So the following combination of s1gna1 wﬂ] store any
i conmand 1n tv Contro] Register (WR. CS. A0).

Then th]S Corgnand will be decoded and/cer‘tam function

]

SN a AN ‘ l
| L" . * "}iseti “ ’ Y ) /

PR
.

To synchronize the Sdanm‘ng of switch (keybpgrd) and
dispil a:y the o*[i: of the chn Counter must be®externally dec;ded to
pro;ide the Scan iines for the f(gjg'oérd and d'isplay in “the decodeé
MOD of the Scan Cointer decode ‘the 1east significant 2 bj,tS and .

provides a. dECoded one’ to four Scan ‘

PR Y
N R 4

The 8085 'processor,m?H send the addr'ess of 8279 “FC" on

A
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Noie that when the keyboard is in deeoded Scan:‘si is
the display. This means that only the 1st 4 character; in thé Dis~ &u
play RAM are displayed. . ‘
. The display part of 8279 Which is Pins 24,25,26,27,28, -
- [ 29,30,31 are éonnécted to the Transistor b&se each 4 pins reéresent
one character or one digit. These two ports on the Outputs for %Hég.y /
16 X 4 display refresh Register, the data from }hese Outputs is !

synchronized to the Scan lines for Multiplexed dig{t disp]ay;.

¢

" The two 4 ports may be blanked independently and Ehe two -

4 bit port may be cdnsidered as one 8 q1t port. So when ‘any switch

-

in the Keyboard is dspressed (for ]O MS) the debounce circuit det-
ects a closed switch and then the address of this switch in thé Q
’s Matrix plus the status of shift and Control are transfered to the '
- FIFO. In the Scanned sensor Matrix'modes, the con}ents‘of this
return lines is dirgct]y‘%ﬁgnsféred to the corresponding roy of 3

LY

< sensor RAM each key scan time. ) N

“This return line input are connected to the Scan lines
: 1 : .
\ - through the keys or sensor switches. They have active interna! -

. : s A
pullups to Reep them high until a switch clpsﬁre pulls it*low. They .

also serve as an B bit input in the strobed input mode.

a - < %
“Since in the mode,’ the contents of the return line are

o

'Eréﬁsfermﬁx‘to the FIFQ on the rising edge of CONTROL AND STROB

t
g

CNTL/STB line pu]sé.‘
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o
MOD sent the following format at the combined signal (CS. W

"a) Keyboard/Display MOD /

| i?f - o 4
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s
»

'Di;p]ay the Data is controlled by CPU command since the

" CPU can set the MOD. So as:I mentioned beford, to set the 8279

AQ).
The following command is decoded by‘8279: .
b) Controlling the Scanning Time by setting the

.prescaler value 2 to 31 \

c) Reading the Status of FIFO/Sensor RAM. In this case
they will read this sgatus by their combined signal
. X
d) Read’Display RAM. Command to enable the CPU to read’

: (CS. RD. AO)

one of 16 characters. N

f

e) MWrite Disp1a& RAM. Command to enable the;CéU éo
write the charécter through 8579.

f) D?spiay write inhibit/ éla:king.

g)..C1ear. This is to'c]ear‘the’Diéplay, c}ea; FIFO
Status and clear all the gosition. , -

-t
-

FIFO STATUS

FIFO Status is used in tHE'keybandnand strobed in-
put modes ind¥tate whether:an errn} has accured. There
are two types of error’s bossib]e: overrun and’ underrun.

'.‘OQerrun occures when the entery Sf another charact- -

er into a full FIFD is attemptad. -

PR




~
. - 80 -
vy ' o
}U/pfz{érrun occures when the CPU tries to ‘rehd on empty
" FIF0.  Also th(e status word has a bit to indicate that. -
* .. the Display RAM was unav,aﬂab]e because amlear command
ahad not comp'let;i.
| Ou- Se 0 uu’gﬁr\i NN FIF(;LFULL
t ' L_T_T__,. NO OF CHARACTER Ii\l FIF‘O
i ————~——> FRROR-UNDERRUN
\ - o ' ERROR-OVERRUN
' ' - — SENSOR‘CLOSURE//ERROR FLAG
f/ p ' ‘ ISP UNAVATLABLE
1. PROGRAMMING OF 8279 *
; . . . . ' i ‘ . ' e

-

11,1 1/0 REGISTER ADDRESSING -

The I/0 section consists of Conmand/Sta.tus (C/S) regist-

o \
: \'A ) er and Data Register. ,

¢ o O . .
11.2 PROGRAMMING THE COMMAND REGISTER
 The Comand Regis@® of 8279 -/génsiét of the following

. Nl _ " .

8 bit:




”
-8 - .
Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit -~ Bit'1 Bit 0
X X "X X X X T X X
v . » FUNCTION OF COMMAND ﬁéprRAMETER OF THE COMMAND-
Bit 7, B1t 6, Bit 5 represent the funct1on of the
4 command. Maximum command available is 8 command ‘
Bit 4, Bit 3, But 2, Bit 1, Bit 0 is 5 bit and is used
for the parametér of the command. . ) '
- ‘ }he Cemmand Regieter can be altered at any™time by ‘ )

o
performing an I/0 write to ]dca;ion Command Register.

4

11.2.1 INSTRUCTION REQUIRED FOR: COMMAND REGISTER / _ 7 a
Those two Instructions are going to set the keyboard and
_ Display MOD. | . EEE .
MVI ,‘ A,15H ; set keyboard to 8-8bit- character dis-
p1a§ - Right entry and the d1sp]ay to
> - ) : kE decoded Scan Sensor Matrix. e
OUT . ¢FDH. : Perferm 1/0 wr;fe operation to 8279 K
. . ‘chip ‘ EE ‘ ) ,
Also to set the internal Scann1ng frequenCyiyou need to .,
X ~ set the Timer by setting the’ presca}er by the fo]]ow1ng 1nstruct1ons. -

©

MVI A,3FH ; Where the prescaler_1s set.to 31

QUT .  ¢FD.
When you Output FD, the least significant bit islogic High.

T g Ao

So to make 8279 interpreted this infornatign as Command.
\ ' 4 -~

.
/'
.

.
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Also to read FIFO/Sensor RAM and STATUS: This follow= ™ w

.

ins Instruction is pefforming this function:

IN  OFDH © ; read the STATUS of FIFO/Sensor RAM
MOV  B,A  ; store the' STATUS in Register B.
By testing the STATUS byte of the FIFQ/Sensor RAM you -

Al
-

. cannkﬁéw how .many characteruin FIFO RAM and you can check if the o
Display is available or not. .
~So by using 8279 chip it saves a:lot of¢hdrdware design

2 : @
.

needed for those devices and also save some processing time of the -

cpu.. g
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,12. DESCRIPTION OF THE-MONITOR ROUTINE -USED IN THE SYSTEM d 5
N The Program is organizgd as Follows: ' f;
a) Cold start routine T _ g
, b) Warm start .- Reg'iste/r save routine
c) Interrupt vectors ° . ’n AR
d) . Ke_yb_oardy monitor . .
« © ) TN monitor- S ’ o
‘f) Layout of RA’M:usage. - B -
The keyboard monitor begins with ‘tfe command RECOGNIZER R

follqued by: the command ROUT“INE SECTION, utility routine section.

and monitor table., The conmand and utility reutines are in a]ph-
P

s v N

abet1ca1 order w1th1n zhew respective sectwns

\r

The fol]owmg is the conmayd assigned by the.monitor:

3 a) EXM . ' , o 4 -
' b) 0 - CMD ' N
) sstoe . A L
) d) SUBST ’ ’ ,
) : ‘e) CLEAE i
£) CLOIS - T
The fol]owmg f]owchart 1s descmbmg the conmand ; .o

DECODER uti 1 1 ty.

4

In thws ut1hty the CPLS 1ook1ng to the 1nput from the ‘ °
. keyboard and check for the mght conmand ’ . e -,
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v - Afte},ééading the command from the keyboard the CPU will jump . o

to corresponding subroutine and execute it and give a fipal . .

@
0 - “
r

result on the Disp]ay'Ungt; ) . 4
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- ' | DISCUSSION

>

/

-

- Since the Data input and data output (Display) are iniegra1 p

¢ 48,

part of many microprocessor design the system designers need ™
an.Interface'tHat can control those functions without placing a °

large load on the C.P.U. ' ' s

This function had been achieved by using 8279

- . -

The 1nbut section can be represented by a regular typewriter style.

The output can be represented by display unit TIL 313 LED.
- \ . I ’
‘Using 8279 reduce fhe cost of the hardware for small processing'

system. But it will increase the cost of the software.

The 8279 js connected direct to’ the u-processor Data-Bus.

\

-
”

-

A1l the operation MODES of 8279 are completly under the cbntrp] of

the programer using assembly language programming... | e

&
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