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AS50 	Serial Input/Output 

ASSI 	Bit and Byte Testing Procedures 

AS52 	General belay Routines 

AS53 	Binary Arithmetic Routines 

A354 	Conversion Routines 

SP50 	2650 Evaluation Printed Circuit Board Lever System (PC1001) 

SP51 	2650 Demo Systems 

SP52 	Support Software for.use with NCSS Timesharing System 

SP53 	Simulator, Version 1.2 

SP54 	Support Software for use with the General Electric Mark III Timesharing 

System 

5550 	PIPBUG 

5951 	Absolute Object Format !Revision 11 

MP51 	2650 Initialization 

MP52 	Low Cost Clock Generator Circuits 

MP53 	Address and Data Bus Interfacing Techniques 

sisgnntMS 
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INTBOOUCTION 
Interfacing e micropmMsd to peripheral 
devices is an important part of a total mi-
crocomputer system design. Thecharecter. 
Mica of Me interface depend ta a large 
extent on total system requirements and 
other factors such as CPU loading and data 
speed. The use of interrupts and/or DMA 
structures also hava an Impact on the sys-
tem input/output structure. The design of 
an I/O interlace is not limited to hardware. 
and hardware/sottware trade-offs must be 
considered. 

This applications memo examines the use 
of the 26505 versatile set of I/O instructions 
and the interlace between Me 2650 end 1/O 
ports. Interrupt and DMA-controlled I/O are 
not discussed A number of application 
examples for both serial and parallel I/O are 
given. Several types of input, output, and 
bidirectional interface devices are also ex-
amined. 

Basic I/O Structure of the 2650 
The 2650 is equipped with extensive and 
versatile input and output facilities. II can 
perform both single bit input/output and 6-
bit parallel input/output. 

The swgle bit input and output. called 
Sense (pin I land Flag (pin  40). areassoclal-
en with the Program Status Word Upper 
IPSWUI The Flag output always reflects the 
value of btl 6 al the PSWU. while bit I of the 
PSYN always reflects the value of the Sense 
input signal. The Sense and Flag sgnalscan 
be monitored and controlled with the PSW 
instructions. 

Paralle,  I/O can be accomplished using the 
extended or non-exiended read and write 
in actions The extended and n -
nytended types are distinguished by the 
state of the E/NE output of the 2650. 

Tne non-ex/ended I/O Instructions are  
single-byte instructions which accomplish 
a 1-byte data transfer into or out of the 2658. 
They also control the state of the D/t out-
put which can be used as a 1-bit device 
address in smell systems. 

The extended I/O instructions are 2-byte 
nstrucüons. When executing extended 00 
instructions, the second byte of Me Instruc-
tion is output on the lower 6 bits Of the 
address bus (ASR0.AD147) This informa-
tion is normally used as an 00 device ad-
dress to select 1 of up to 256 input or output 
devices hut may also be used to output 
control or status signals 

Parallel I/O operations may use any CPU 
tegister as the data source or destination. 
This offers significant flexibility In writing 
I/O software, because there is not a single 
accumulator register to create i "bottle-
neck" in the data flow. The functional block 
diagram in Figure 1 illustrates the various 
I/O facilities. 

I/O As Put of the 
Memory Address Space 

The 2650 user may choose to transfer dale 
into or out of the processor using the memo-
ry control signals. The advantage of this 
technique Is that the data can be reed or 
written by the program with memory load 
and store Instructions, and data may be 
directly operated upon with logical and  

arithmetic insbixtlons. The memory refer-
encing instructions can take advantage of 
the flexible addressing modes provided by 
the 2650, such as indexing and Indirect 
addressing. A possible disadvantage of this 
method is that II may be necessary to de-
code more address lines to determine the 
device address than with the other I/Ot 
tecanies. 

To make use of this technique, the designer 
must assign memory addresses to I/O de-
vices and design the device interfaces to 
respond to the same signals es me 	rosy 

I/O Interface Signals 
Table I summarizes the state of the 26501/0 
interface signals for the various methods of 
I/O which are available. 
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SERIAL I/O USING THE SENSE 
INPUT AND FLAG OUTPUT 
One of Me I/O capabilities of Me 2850 is 
provided by Me sense input and flag output. 
The sense and flag pins may be used for 
single-bit input oroutput of status or control 
information They can also be used to im-
plement a serial data communications 
channel Two examples of this apdiCation 
are given below 

Asynchronous Serial 

Communications Pod 
In aopllcafions where a serial type  of termi-
nal lie a teletypewriter must be Connect-
ed to the microcomputer system. the sense 
pin and flag pin can be used te inferfacewlth 
the terminal. The basic character format for 
asynchronous serial I/O Is shown In 
Figure 2 

A number of parameters of this Character 
formal and the transmission speed, are 
different for various types of terminals. The 
variable parameters are: 

Baud rate (bite per second)' 110 150 
300. 600 1200. 2400, 4000, and 9600 baud . 

Number of bits per character 5. B.7. or B 
bits 

Parity mode' even. odd. and no parity 

Number of stop bits. I  or 2 

The control of the sense and flag pins for 
asynchronous serial NO, with the appropri-
ate parameters and baud rate, can be done 
completely with software. The hardware 
involved is limited fo a simple line driver and 
receiver circuit which maybe either en RS-
232 interface or  a 20mA current loop Inter-
face The interlace hardware is shown in 
Figure 3 

Trie software necessary to accomplish the 
sonal I 	for a full-duplex line can be di- 
nded into 3 pans 

• The start bit detection and verification. 
After ach start bit detection Me Mart-MI 
level is verified for a low level al time 
intervals of 10 of I bit time. This prevents 
Mise star-bit recognition caused by line 
noise 

• The sampling of the data bits al the mid-
bit time. echoing the data bit to the flag 
output. ana loading the data bit into a 
CPU register 

• The reput erne end check of parity bit 
and Stop bits. 

A timing diagram showing Me start bit sam-
oling and the hit echo appears in Figure 4 

Taie 1 I/O MTERFACE SIGNAL STATE 
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FLOWCHART OF THE SERIAL I/O ROUTINE 
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Three examples of the serial VO routine 
with different speeds end parameters are 
presented In Figures 5 through 9. The bit 
and sample delay numtere (hexadecimal) 
in the definition listing (FIgure 0) ate tot a 
CPU clock frequency of 1MHz. The hexa-
decimal delay numbers for a frequency of 
1.25MHz are given in Table II. This table also 
lists the number of DDRR.RO instructions 
that are necessary in the "bit delayand echo 
subroutine" to count cycles for the approp-
fiate baud rate. 

The examples of figures 7, Br and 9 have the 
following parameters: 

Figure 7: 110 baud, 7 data bits, even 
Parity and 1 stop bit . 

Figure B: 800 baud. 7 data bits, odd parity 
and 2 slop bits 

Figure R. 2400 baud.8 data bits. no parity 
and 1 Stop bit. 

The serial I/O routine uses 4 CPU registers 
p bank and RO) and effects ] of the Program 
Status Word bits, namely, Sense, Flag. 
Overflow. Carry. Interdigit Carry, and the 2 
Condition Code bits. The program also uses 
1 level of une return address Stan, 

A parity enol wilt ext Ins O.erllow bit. ands 
framing error I wrong stop bit level) will set 
the interdigit Carry bit M the end of the 
routine. the Input character is stored in 
register R2 
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INTERFACE DIAGRAM FOR DATA STRING OUTPUT 
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Data String Output 
A typical application for the flag output is a 
dela string output. The advantage of this 
output method is that It can provide a large 
number of output bits with little address or 
control logic decoding. For example, this 
method cart be used to output data or an 
array of numeric displays. single bit indica-
tors. or column drivers of a parallel numeric 
printer. An example of the hardware re-
quired t0 implement this type of output 
channel is given in Figure  10. 

Here. the Address 14 output is used as a 
data strobe signal. However. thedatastrobe 
signal could also ba built up by decoding 
more address bils so that the system memo-
ry size would not he limited to 151( bytes as 
in this example 

A fisting or the prbgram required is given in 
Figure 14 The data isassumed lobe located 
in the systems HAM as illustrated in 
Figure 11 

The least-significant bit of the least-
significant byte will be output first. The table 
length (TLENI and the number of bits per 
byre tBPW I can be adapted as necessary by 
software modifications. The data strobe 
Pulse on utput ADH14 is generated by 
doing the dummy instruction STRA.R0 to 
address 9'4000' 

BAUD 
RATE 

SAMPLE 
DELAY 

NUMBER AT 
1.25MHz 

BIT DELAY 
NUMBER AT 

1,25MHz 

NUMBER OF 
13O10R,R0 

INSTRUCTIONS AT 
1.25MHz 

NUMBER OF 
BDRR,RO 

INSTRUCTIONS AT 
1MHz 

110 D0 E5 5 4 

300 4A C5 2 2 

00 24 DE 1 1 

1200 11 SA 1 1 

2400 07 30 1 1 

Tala BIT DELAY PROGRAM CONSTANTS 
AT A CLOCK FREQUENCY OF 1.25MHz (HEXADECIMAL) 

DATA ORGANIZATION FOR DATA STRING OUTPUT 

Figure 11 

TIMING DIAGRAM OF DATA STRING OUTPUT ROUTINE 
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FLOWCHART OF DATA STRING OUTPUT ROUTINE 

ART 

INITIALIZE 
• In TO TABLF resole 

ataT 1.1:1111 met 

LOAD 	 E DATA 
SET II t TO 	OF 

IFA PYTE 

ROTA TIE PO RIM I 
TIIAMFER SIT 7 Of NO 

ID FLAG OLITFUT 

GENERATE DATA STROBE 

DÉCREMEXT A? 

ASSEMBLY LISTING OF DATA STRING OUTPUT ROUTINE 

Ilk wawa N I 	 Ma NC 

O▪  K 

NNE 

PI MI I.MN ME MO (I gin OE WM IMMIte 

M▪  OM 
MIIIIL 

MC▪  Mt 	it MI RIG 	9. lailITY !WSW MY 
MG tek 	 MOM* PORN‘t 
1110 MC 	 IIIMITIENt 
IM 

IM$▪  ▪  1141 	AI (5 %EN MI101 ES ME 

• 141.4 
O151617 	 11•S• 

Mr SS 7111 	 (P(I 

MI MI MAI MR 	 LW • III% IFILL 

• • 
IM 	 yo. 
MY 

we Spawn ow me 402 
	
RA elw w a. 

MI NW FM 	 IW Mal 0 111‘ 

MI 50 
SW MS 	 I 

Figure 13 Nutt 14 

PARALLEL INPUT/OUTPUT 
The 2650 instruction set contains the following six input/output instructions  

NO. BYTES 

WRTC. RX Write Control 1 
NEE—Z. RX Read Contrat 1 
WRTD RX Write Data 1 
Rte. RX Read Data 
WRTE. Ra DEVA Write Extended 2 
REDS RX DEVA Read Extended 

The control signals generated by each ITO 
instruction simplify the interlace CtrCuilry 
required m generate to selection and tlm-
mg signals. A low-cos: control signal Inter-
lace with related timing es shown In Figures 
15 and 16. 

When using standard TTL and ST  series I/O 
ports. the I/O operations can be done with-
out slowing down he system. In this case 
Me OPACK inpul Could be conDOlted di-
rectly for all I:O operations. 
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Non-Extended I/O 
The single-byte I/O instructions of Me 2850 
are referred toss non-extended I/O. In small 
systema with only two 8-bit input pods and 
two 8-bit output ports. this I/O facility re-
quires a minimum of hardware interfacing 
between the CPU and 1/O ports. The signals 
WRTC. WRTD. REDO, and REDO generated 
by the control logic decoder In Figure 15 
Can be used directly as output port clock 
pulses and input port enable signets, ra 
spedively. 

Sequential I/O With 
Non-Extended 1/0 Instructions 
ifs systems where a larger number of devices 
must be serviced in sequence. the use of a 
simple 8-bit output port can offer consider-
able savings in software. Normally Me de-
vices could be serviced with extended i/0 
instructions. However. since the device 
address is the second byte in this type of 
instructioe a series Of data fetch and I/O 
instructions would he required to service 
the devices in sequence. 

With an 8-bit output poi 'unclionieg as a 
device address register. the device address 
can be modified under software control In 
this way a simple program loop car serve 
up to 0 1.0 :oris by rotating a single 't' 
through a CPU register that is Output in a 
device address This I/O eddress,ng tech-
"rave may also be used advantageously in 
systems where 1,0 operation requests are 
detected by software polling. A functional 
block diagram of this technique is shown in 
Figure is 

Extended I/O 
There are 2 extended I/O Instructions in the 
2650 instruction set. In these 2-byte instruc-
tions the rirst byte specifies the operat on 
code am the data source :r destination 
register in trie CPU. The second byte pro-
vides an e-bit device address code Mal is 
output on the 8 least-significant bits of the 
address bus. AOR: through ADR1. 

Thecontrol signal decoding diagram (Fig- 
e 15) ran be simplified for systems using 

only extended I/O. as shown in Figure 18 
Thetiming diagram of Figure lealsoapplies 
to this decoding technique 

Device Address 
Decoding Schemes 
For extended I/O II is necessary to decode 
rhe address lines ADRO through ADRS M 
order to permeate appropriate portseleclion 
signals. r he chore of en address decoding 
scheme deoends on factors such as total  

I/O requirements. the type on O pons used. 
and the total system configuration 

In principle, there are 2 beak methods of 
device address decoding One method is 
the use of hardwired logic in which Me 
device address is fixed the other is a hard-
ware programmable method in which the 
device addresses are individually set with 
bumpers or witches Some examples of 
these methods are given in Figures 1g 
and 20 

In many applications a combination of these 
2 methods is used In addition he control 
logic can be implemented as en integral parr 
of the device address decoding. An example 
Is shown in Figure 21 

Memory Mapped I/O 
In memory mapped SO. the .0 devices are 
crested as memory locations An advantage 
of this technique is that Ml memory 
referencing instruction types (store. load. 
arithmetic logical. etc.) can be used directly 
for I O date. Device addressdecoding is not 
necessarily more complex than for nomlal 
exteded 110 since all I/Oaddressescould 
be iodated in a specific address block. Of 
course this technique Can Only be used in 
systems which do not use the full memory 
address space Or programs. A diagram of 
the I O control logic. using Me ADAM out-
put to discriminate between memory and 
I O oieratinns. is given in Figure 22. The 
dev ice address decoding methods des• 
caned earlier can also be applied to memory 
macoed PO 
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HARDWARE PROGRAMMABLE DEVICE ADDRESS DECODERS 
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1I0 CONTROL SIGNAL GENERATION FOR MEMORY MAPPED 1/0 
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SINGLE POINT CONTROL 
In many applications. the capability to set. 
clear. or lest a single output point selected 
from a large number cf output points is 
required Designs of his type can be imple-
mented using the 2650 I/O Instrucliors. 
When  used as described below, the WBTE, 
WRTC, and WRTD instructions become 
"set/clear single-bit" instructions. while the 
REDE instruction becomes a "lest anule-
bil' instrtction 

Single Bit Oulput—Direct Address 
Tho write extended instruction can be used 
to select and set or clear a single output bit. 
The 2 bytes of the rnatructin can be inter-
preted as follows: 

BYTE B 

~ o 1 0 X 

BYTE 1 

SIC A. Ar A. At At A. Au 

A through Ar of the second byte speedy the 
output selecteo The St bit specifies 
whether the bit is set or cleared. A typical 

rdware coat ig u'alion controlling 64 
points is shown In Figure 23. Here. the 
control line decoding and partial address 
decoding is done by be 7415138. which 
selects one of the eight 93345. One of the 8 
catches in the selected 9334 is enabled by 
ADRO ADRI and ADR? and is either 
cleared or set. as determined byltie valued 
AORI 

The XX beta en the first byte selects I entree 
available registers and outputs its contents 
on the data bus Since This information is not 
used in this application. the value of XX I9 
not impetus! However. it could be used to 
output en fi bee control or status word In 
c 	ncliOn with the sevctear operation. 

Single Bit Output— 
indirect Address 
if the address of the output to be set or 
cteared must be determined at program run 
lime. the WRTD and WRTD instructions can 
be used. The address of theoutput bit isfirst 
loaded into one  of the 2650 registers. A 
WRTD Ra nstruction ie Ihen issued d me 
bit sto beset. and a WRTC. Rx instruction is 
issued il the bit is to be cleared the bit 
select n output on thedata bus, and the C/C 
output carries the eeUclear information 
The hardware unorementatron can be the 
lame as shown in figure 23 ex cept that 

-ADRO-ADR5 a replaced by D6US0.: 
OBUSS. ana ADna is replaced by Did 

Single BII Input 
One way of doing single bit input uses the 
techniques described earlier The address 
of the bu that rs to be tested ra loaded Into 
one of the 2650 registers and output to an 8-
bit latch using an extended or non-extended 
write instruction The latch output is de-
coded to select the desired bit which 'Ethan 
apolied to the Sense input pin The 2650 
Program Status Word instructions can then 
be used to test the state of the Sense input 
and to lake app repfiate program action . 

The technique described above must be 
used if -indirect" bit addressing Is required. 
It this is not a requirement a more efficient 
implementation can be accompl'isheduung 
the extended read instruction. This tech-
gigue makes use of the tact that the 2650 
automatically tests thecontente of a register 
every bice ri is used as Predestination of an 
Operation Thus when the read extended 
operation reads data from an input port. the 
condition Cede huts in the program status 
word are set to reflect whether the new 

Bi3BB2ICS 13 



SIXTY-FOUR SINGLE BIT INPUTS USING THE 74LS251 
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register contente is positive, negative, or 

For the single bit Input application, the 
second byte of the RETE. Rx Instruction 
contons the address of the input bit to be 
tested. This data ie applied ta e bank of data 
selectors to select the addressed bit.which 
s then applied to the most-significant bit of 
the data bus. OBUS]. Since this Is interpret-
ed as the sign bit. the condition code bits in 

Psi will be set to reflect whether the bit 
being tested Is a one ore zero A conditional 
branch instruction can then be used to 
affect the desired program action. A hard- 
ware implementation for M inputs is shown 
in Figure 24. Note that an address fetch is 
not required For this method. 

INPUT PORT DEVICES 

Gated Input Ports 
The simplest tone of en Input port is the tri-
state gate. Figure 25 illustrates the use of the 
8197 high-speed hex tri-stale buffer for 
gated input Pods The 8197 Is non-
inverting, and the tri-stale control signets 
enable the buffers in groups of fiend groups 
of 2, so that 8-bit ports can be implemented 
efficienllr 

An effective circuit for systems using 8-
gated Input ports is the 74251 8-to-t multi-
plexer. which has tristate outputs that can 
interface directly with the data bus. The 
advantage of this circuit is that no external 
address decoding logic is needed. A con-
figuration using gated input ports with the 
74251 multiulexer is illustrated in Figure 2e. 

In addition to these 2 configurations, many 
other input con configurations are possible 
using standard TTL or Sgnetics 8T series 
logic circuits. 

Latching Input Ports 
Latchlna input pois may be'tegmred to 
store data from an external device, which' is 
available only momentarily, before the actu-
al a Input operation to the microprocessor 
takes place This type of' input port can be 
realized by connecting TTL-lalch or D-type 
flip-flop circuits, such as the 747E 7410q or 
74175, to the inputs of a gated input port. As 
illustrated in Figure 27. by using the Sl gnet-
cs 8T10 Ouad D-type flip-flop with tri-state 
outputs, en 8-bit latching input port can be 
Implemented wan only 2 packages. She 
ST 10 's l uric llonally identical to the 74173. 

14 	 S!IIS111C9 
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GATED INPUT PORTS WITH 74251 5-I0-1 MULTIPLEXERS 
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OUTPUT PORT DEVICES 

Output ports can beconliqured witha varie-
ty of standard TTL and 8T sanas flip-flops 
and registers. Typical circuits include 

9334 Addressable 8-bit latch 
7475 Quadruple latch 
74100 8-bit latch 
74175 Quadruple D-type (lip-flop 
Bite Quadruple D-type flip-flop 

with tri-state outputs 

The 7475 and 74175 both nave true and 
complement outputs. One special feature of 
the 81'10 is that the outnutsmay bedisabled 
(placed in a high-impedance output made) 
by the device That is connected ID this out-
put port A logic diagram using these Cir-
cuits for output ports appears in Figure 2B. 

The 9334 is useful in systems requiring e 
large number of latched outputs, since a 
portion of he decoding can be done using 
Me on-chipa-inpul decoder A typical appli-
cation of Ibis was shown in Figure 23. It is 
also an efficient Circuit or implementing 
eight 8-bit output ports. 

I/O CONFIGURATIONS USING 

 	THE 8731 BIDIRECTIONAL PORT 

Functional Description 

The 8731 iB an 8-bit bidirectional BO port 
consisting ole clocked latches with 2 bidi-
rec onal PO buses, each of wh¢h has its 

nnlrnl logic Each bus (A and Bl has a 
read and a write control input and there Ma 
master enable input tut bus B only. The 
omouls of the latcnes follow the inputs 
when Ire clock g high, and latching will 
occur when the clock returns low 

The 6T31 Is also equipped with a' power-on 
clear circuit If the clock input is held low 
unto the rower supply reaches 3.5 volts. the 
latches will be cleared There is a logic 
inverzon between bus A and bus B As a 

when the 8T31 is cleared. bus A will 
hay', El logic I outputs and bus B all logic 
0 outputs 

The control functions 01 the 8T31 are listed 
in Table Ill. A functional block diagram end 
a symbolic diagram or iheBT3t are iluslret-
ed m Cgures 29 and 30 respectively. 

Figure 28 
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0 
0 
o 

HI-2 
HI-2 
H]-2 

REAOIImche-Bl 
WRITEIBY-latchl 

Table 3 8111 CONTROL FUNCTIONS 

As shown in r.tble III each bus can operate 
Independently except for lhecaseol writing 
from both bus A and B. In this case writing 
f rem bus A will override any attempt to write 
from bus B 

8T31 Applications 
The control wncuuns of 	8T31 allow il tr, 
be used in various microcomputer 

 
 input 

output aPpl mations. In the PO system dia-
gram of Figure 31 the BT31 is used to 
implement gated input ports latching input 
Ports output ports and a b,direcnonal data 
bus driver All I O pans can be controlled 
directly with the device select and REDE 
ana WRTE Imes coming from device deco0-
ers and I O control log lc. 

In applications where lnteadcinq is neces-
sary with peripheral devices that need data 
transfers in two directions. like digital 
cassettes ana data link commun kation CD-
-mils . the 8T3i can ne used ma bid u<ction 
al I O port In trii copplicatlo n. the PO coeti -  

Min should be requested by interrupt or 
polling to prevent simultaneous write oper-
ationsfrom peripheral and CPU The bidi-
rectional It) port concept is illustrated In 
Figure 32 

Implementing an Eight-Bit Flag 
Register with the 8131 
In 	any industrial applications Such as 
process control single bit inputs and out-
puts are used to monitor switches and de-
leclors Or to drive relays and lamps. A possi- 
ble solution for 	a flag register would be 
an eight-bit Cutout port and a memory byte 
reserved as a flag register in the system s 
RAM The setting resetting or testing of 
individual bits with this method of immP 

enting e Hag register equires many bytes 
or orogram memory The output port and 
Me memory location , 	red as a Hag 
register image must be updated alta each 
till operallor 

The 8T31 can be used to implement a flag 
register wrthoul the use of a memory byte in 
the eystern s RAM. No additional hardware 
Is required and thesaving r, program morn-
Ory bytes for flag operations is consider. 
able A logic diagram of mis application is 
given in Figure 33 Listings of basicsoftware 
M sel reset. and tesI individual flags for 
both positive and negative true outputs are 
given m Figures 34 and 35 

smarties 
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