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INTRODUCTION cessor based systems. The subsystems described are 

The INTEL@ MCS48TM family consists of a series 
of seven parts, including three processors, which take 
advantage of the latest advances in silicon techno- 
logy to provide the system designer with an effec- 
tive solution to  a wide variety of design problems. 
The significant contribution of the MCS48 family 
is that instead of consisting of integrated micro- 
computer components it consists of integrated 
microcon~puter systems. A single integrated circuit 
contains the processor, RAM, ROM (or PROM), a 
timer. and 110. 

This application note suggests a variety of applica- 
tion techniques which are useful with the MCS48. 
Rather than presenting the design of a complete 
system it describes the implementation of "sub- 
systems" which are common to  many micropro- 

analog input and output, the use of tables for 
function evaluation, receiving serial code, transmit- 
ting serial code, and parity generation. After an 
overview of the MCS48 family these areas are dis- 
cussed in a more or less independent manner. 

THE MCS48TM FAMILY 

The processors in the MCS48 family all share an 
identical architecture. The only significant differ- 
ence is the type of on board program storage which 
is provided. The 8748 (see Figure 1) includes 1024 
bytes of erasable, programmable, ROM (EPROM), 
the 8048 replaces the EPROM with an equivalent 
amount of mask programmed ROM, and the 8035 
provides the CPU function with no on board 
program storage. All three of these processors 
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INSTRUCTION SET 

Mnemonic Description Bytes Cycle 

ADD A,R Add register to  A 1 1 
ADD A. @R Add data memory to  A 1 1 
ADD A, #data Add immediate to  A 2 2 
ADDC A, R Add register with carry 1 1 
ADDC A, @R Add data memory with carry 1 1 
ADDC A, #data Add immediate with carry 2 2 
ANL  A, R And register to  A 1 1 
ANL  A, @R And data memory to  A 1 1 
ANL  A. Mata  And immediate to  A 2 2 

L O R L A , R  Or register to A 1 1 
ORLA,@R - Or data memory to  A 1 1 

2 ORL A, #data Or immediate to  A 2 2 
XRL A, R Exclusive Or register to A 1 1 

2 XRL A,@R Exclusive or data memory to  A 1 1 
XRL  A. Mata  Exclusive or immediate to  A 2 2 
INC A Increment A 1 1 
DEC A Decrement A 1 1 
CLR A Clear A 1 1 
CPL A Complement A 1 1 
DA A Decimal Adjust A 1 1 
SWAP A Swap nibbles of A 1 1 
R L  A Rotate A left 1 1 
RLC A Rotate A left through carry 1 1 
RR A Rotate A right 1 1 
RRC A Rotate A right through carry 1 1 

IN  A,P Input port to  A 1 2 
OUTL P, A Output A to  port 1 2 
ANL  P, #data 
ORL P, #data 
INS A, BUS 
OUTL BUS, A 
ANL  BUS, #data 
ORL BUS, #data 
MOVD A, P 
MOVD P, A 
ANLD P, A 
ORLD P, A 

And immediate t o  port 
Or immediate to  port 
lnput BUS to  A 
Output A t o  BUS 
And immediate t o  BUS 
Or immediate to BUS 
lnput Expander port to  A 
Output A to  Expander port 
And A t o  Expander port 
Or A t o  Expander port 

INC R Increment register 1 1 
INC @R Increment data memory 1 1 
DEC R Decrement register 1 1 

JMP addr 
JMPP @A 
DJNZ R, addr 
JC addr 
JNC addr 
J Z addr 
JNZ addr 

r 
u JTO addr 
5 JNTO addr 

JT l  addr 
JNT1 addr 
JFO addr 
JF1 addr 
JTF addr 
JNl addr 
JBb addr 

Jump unconditional 
Jump indirect 
Decrement register and skip 
Jump on Carry - 1 
Jump on Carry = 0 
Jump on A Zero 
Jump on A not Zero 
Jump on TO = 1 
Jump on TO = 0 
Jump on T I  = 1 
Jump on T I  = 0 
Jump on FO = 1 
Jump on F1 = 1 
Jump on timer flag 
~ u m p  on lNT = 0 
Jump on Accumulator Bit 

Mnemonic Description Bytes Cycles 

0) 

$ CALL Jump t o  subroutine 2 2 
RET e Return 1 2 

g RETR Return and restore status 1 2 
V )  

CLR C Clear Carry 1 1 
CPL C Complement Carry 1 1 

f CLR FO - Clear Flag 0 1 1 
" CPL FO Complement Flag 0 1 1 

CLR F1 Clear Flag 1 1 1 
CPL F1 Complement Flag 1 1 1 

MOV A, R 
MOV A, @R 
MOV A, #data 
MOV R, A 
MOV @R, A 
MOV R, #data s 
MOV@R,#data 

8 MOV A, PSW 
MOV PSW, A 
XCH A, R 
XCH A, @R 
XCHD A, @R 
MOVX A,@R 
MOVX @R, A 
MOVP A, @A 
MOVP3 A, @A 

Move register t o  A 
Move data memory t o  A 
Move immediate to  A 
Move A to register 
Move A to  data memory 
Move immediate t o  register 
Move immediate t o  data memory 
Move PSW to  A 
Move A to  PSW 
Exchange A and register 
Exchange A and data memory 
Exchange nibble of A and register 
Move external data memory to  A 
Move A t o  external data memory 
Move t o  A from current page 
Move t o  A from Page 3 

M 0 V A . T  Read TimerlCounter 1 1 
t; MOV T , A  Load TimerICounter 1 1 
a STRTT Start Timer 1 1 
$ STRTCNT Start Counter 1 1 

STOP TCNT Stop TimerlCounter .- 1 1 
+ ENTCNTI Enable TimerlCounter Interrupt 1 1 

DIS TCNTl Disable TimerlCounter Interrupt 1 1 

EN I Enable external interrupt 1 1 
DIS I Disable external interrupt 1 1 

Z SELRBO Select register bank 0 1 1 
E SEL RBI  Select register bank 1 1 1 
8 SEL MBO Select memory bank 0 1 1 

SEL MB1 Select memory bank 1 1 1 
ENTO CLK Enable Clock output on TO 1 1 

NOP No Operation 1 1 

Mnemonics copyright Intel Corporation 1976 

Figure 2. 8048/8748/8035 Instruction Set 



operate from a single 5-volt power supply. The 
8748 requires an additional 25-volt supply only 
while the on board EPROM is being programmed. 
When installed in a system only the 5-volt supply is 
needed. Aside from program storage, these chips 
include 64  bytes of data storage (RAM), an eight 
bit timer which can also be used to count external 
events, 27 programnlable I/O pins and the processor 
itself. The processor offers a wide range of instruc- 
tion capability including rnany designed for bit, 
nibble, and byte manipulation. The instruction set 
is surnmarized in Figure 2. 

Aside from the processors, the MCS48 family 
includes 4 devices: one pure I/O device and 3 com- 
bination memory and I/O devices. The pure I/O 
device is the 8243, a device which is connected to a 
special 4 bit bus provided by the MCS48 processors 
and which provides 16 I/O pins which can be pro- 
grammatically controlled. 

The combination rnemory and I/O devices consist 
of the 8355, the 8755, and the 8155. The 8355 
and the 8755 both provide 2,048 bytes of prograrn 
storage and two eight bit data ports. The only 
difference between these devices is that the 8355 
contains masked prograin ROM and the 8755 con- 
tains EPROM. The 8 155 combines 256 bytes of 
data storage (RAM), two eight bit data ports, a six 
bit control port, and a 14 bit prograrnrnable timer. 

Figure 3 shows the various system configurations 
which can be achieved using the MCS48 family of 
parts. It should also be noted that eight of the pro- 
cessors' I/O lines have been configured as a bidirec- 
tional bus which can be used to interface to stan- 
dard Ihtel peripheral parts such as the 825 1 USART 
(for serial I/O), the 8255A PPI (provides 24 110 
lines) and the complete range of nlernory compo- 
nents. 

More detailed information concerning the MCS48 
farnily can be obtained from the "MCS48 Micro- 
computer User's Manual" which provides a com- 
plete description of the MCS48 family and its 
members. A general familiarity with this document 
will make the application techniques which follow 
easier to  understand. 

ANALOG I/O 

If analog I/O is required for a M C S ~ ~ ~ ~  system 
there are many alternatives available from the 
makers of analog I/O modules. By searching through 
their catalogs it is possible to find almost any cornbi- 
nation of features which is technically feasible. Per- 
haps the best example of such nlodules are the MP- 
10 and MP-20 hybrid modules recently introduced 
by Burr-Brown Research Corporation. The MP-10 
provides two analog outputs and the MP-20 pro- 
vides 16 analog inputs. Both of these units were 
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Figure 3. The Expanded MCS48TM System 

specifically designed to interface with mixo-  
processors. 

A block diagram of the MP-10 is shown in Figur: 4. 
It consists of two eight bit digital to analog confer- 
ters, two eight bit latches which are loaded from 
the data bus, and address decoding logic to deter- 
rnine when the latches should be loaded. The L)/A 
converters each generate an analog output in the 
range of 10 volts with an output impedance of C2. 
Accuracy is +0.47& of full scale and the output is 
stable 25psec after the eight bit binary data is 
loaded into the appropriate latch. The latches are 
loaded by the write pulse (WR) whenever the 
proper address is presented to the MP-10. The 
lower two addresses (A0 and A ] )  are used in-er- 
nally by the device. Addresses A2 & A3 are corn- 
pared with the address determination inputs B2 
and B3. If their signals are found to be equal, 2lnd 
if addresses Aq-Al3 are all high, then the device 
is selected and one of the latches will be loadzd. 
Address bit A1 selects between output 1 and out- 
put 2. If address bit A0 is set then the initializa- 
tion channel of the DIA is selected. In order to 
prepare for operation a data pattern of 8 0 ~  m a t  
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be output to this channel following the reset of the 
dekice. 
A block diagram of the MP-20 analog to digital 
converter is shown in figure 5. This unit consists 
of a 16 input analog multiplexer, an instrumenta- 
tio? amplifier, an eight bit successive ayproxima- 
tie? analog to digital converter, and control logic. 
Thl: 16 input multiplexer can be used to input 
either 16 single ended or 8 differential inputs. 
The output from the multiplexer is fed into the 
instnunentation amplifier which is configured so 
that it can easily be strapped for single ended 0-5 
volt inputs, single ended t 5  volt inputs, or differen- 
tial 0-5 volt signals. Provisions are made for an 
external gain control resistor on the amplifier. The 
gain control equation is: 
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With no Rext (Rext = M) the gain is two and the 
input is 0-5 or +5 volts full scale. Adding an exter- 
nal resistor results in higher gain so that low level 
(+501nV) signals from thermocouples and strain 
gauges can be accommodated. The output from 
the amplifier is applied to the actual A/D con- 
verter which provides an eight bit output with 
guaranteed monotonicity and an accuracy of k0.45 
of full scale. Note that this accuracy is specified 
for the entire module, not just for the converter 
itself. The control logic monitors address lines 
A1 5 through A4 to  determine when the address of 
the unit has been selected. An address that the unit 
will respond to  is determined by 1 1  address control 
pins, labeled Aq through m. If one of these pins 
is tied to a logic 0 then the corresponding address 
pin must be high in order for the unit to be selected. 
If the pin is tied to a logic 1 then the corresponding 
address pin must be low. If the address of the 
module is selected when =R pulse occurs, the 
lower four addresses (A3-AQ) are stored in a latch 
which addresses the multiplexer. The coincidence 
of the proper address and =R also initiates a 
conversion and gates the output of the converter 
on to  the eight bit data bus. 

The control logic of the MP-20 was designed to  
operate directly with an MCS-80TM system. When a 
MEMR occurs and a conversion is initiated the MP- 
20 generates a READY signal which is used to 
extend the cycle of the 8080A for the duration of 
the conversion. READY is brought high after the 
conversion is complete which allows the 8080A 
to  initiate a conversion and read the resulting data 
in a single, albeit long, memory or 110 cycle. The 
conversion time of the MP-20 depends on the gain 
selected for the amplifier. With no external resistor 
( R  = M) the gain is two and the conversion time is 
35 psec. For R = 5 1 0S2 the gain is: 

and the conversion time beco~nes 100psec. These 
settling times are specified in the MP-20 data sheet 
and range from 35 to 175 microseconds. The 
READY timing is controlled by an external capa- 
citor. For a gain of 2 no external capacitor is 
required but if higher gains are selected a capacitor 
is needed to extend the timing. 

A schematic showing both the MP-I0 D/A and the 
NIP-20 A/D connected to the 8748 is shown in 
Figure 6. This configuration, which consists of 
only four major components, gives an excellent 
example of what modern technology can do for 
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TABLE LOOKUP TECHNIQUES 

In the previous section the interface between analog 
I/O devices and the MCS-48TM was discussed. In 
many applications involving analog I/O one quickly 
finds that nature is inherently nonlinear, and the 
mathematics involved in 'linearizing it' can tax the 
computational power of the microprocessor, partic- 
ularly if it has other tasks to  perform. Problems 
of this nature are good candidates for the use of 
tables. 

As an example of how tables can be used as part of 
an analog output scheme, consider a system which 
requires an MCS-48 t o  output a variable frequency 
sinusoidal waveform. One method of performing 
this function would be t o  use the timer to  generate 
an interrupt at  a fixed rate of 256 times the desired 
output frequency. At each interrupt the appropriate 
value of the sine function could be calculated from 
the MacLaurin series: 

Where K is chosen t o  be large enough t o  provide 
the required accuracy. 

The above calculation, although concep~ually 
simple, would be time consuming and would 
severely limit the possible output  frequencies which 
could be obtained. As an alternative to  calcuiating 
these values in real time, the values could be precal- 
culated off line and stored in a table. Upon each 
interrupt the MCS-48 would merely have t o  retrieve 
the appropriate value from the table and output 
it t o  the D/A converter. the MCS-48 provides a 
special instruction which can be used to  zccess 
data in a table. If the table is stored in the last 256 
bytes of the first kilobyte of MCS-48 memory 
then the table lookup can be performed by loading 
the independent variable (time in this case) into 
the accumulator and executing the instruction. 

This instruction uses the initial contents of the 
accu~nulator t o  index into page 3 of program 
storage. The location pointed to  is read and the 
contents placed in the accumulator. If (as is often 
the case) a table of fewer than 256 entries is 
required, then the table can be located in any page 
of program memory and the instruction: 

MOVP A, @ A 

can be used t o  retrieve data from the table. This 
instruction operates in the same manner as does 
the previous instruction except that the current 
page of program storage is assumed to ccntain 
the table. 

If it is possible t o  devote slightly more of the 
microprocessor's time to  the table look up  process, 
then a much smaller table can often be utilizzd by 
taking advantage of interpolation t o  determine 
values of the function between values which are 
actual entries in the table. As an example of this 
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process consider the hypothetical system shown in 
Figure 8. The purpose of this system is t o  measure 
the flow through the three pipes, add them, and 
display the total flow on the control panel. The 
system consists of three flow meters which generate 
a differential voltage which is some function of 
flow, an AID system with at least three differential 
inputs, an MCS48,  and a control panel. The 
schematic shown in Figure 6 could easily become 
part of this system, with the spare digital 110 of 
the MCS48 used as an interface to the control 
panei. The simplicity of this system is clouded by 
the flow transducers, which are assumed to  be not 
only nonlinear but also to  require individual cali- 
bration (this is not  an unreasonable assumption for 
a flow transducer). By using a table look up process 
and an 8748 the flow transducers can be calibrated 
and the results of the calibration tests stored 
directly in tables in the 8748. (The 8748 has a 
PROM in place of the ROM of the 8048 and thus 
makes such 'one o f f  programming practical.) 

The results which might be obtained from calibra- 
ting one of the flow meters is shown in Figure 9. 
The results are plotted as galslhour versus the 
measured voltage generated by the transducer. The 
voltage is shown in hexadecimal form so that it 
corresponds directly to the digital output of the 
analog to  digital converter. The flow required to  
generate seventeen evenly spaced voltages (OH-1 OOH 
in steps of 10H) has been measured and plotted. 
This information is shown in tabular form in 
Figure 10. It  is necessary to  generate a program 
which will convert any measured input from OOH 
to  FFH into the flow in units which can be inter- 
preted by a human operator. This can easily be 
done by simple interpolation. 

Figure 9. Flow Calibration Curve 

-~ Figure 10. Tabulated Flow Data 

TRAN ,DUCER 
VOLTAGE ( H E X ,  

FLOW 
(GAL HOURI 

The eight bits of independent variable (voltage) can 
be looked on as two four bit fields. The most signi- 
ficant four bits (7-4) will be used t o  retrieve one of 
the table values. The lower four bits (3-0) will be 
used to  interpolate between this value and the 
value retrieved from the next higher location in the 
table. If the upper four bits are given the symbol I 
and the lower four bits the symbol N, then the 
interpolation can be expressed as: 

Where x is the measured voltage and F(x) is the 
corresponding flow. 

If, as an example, the transducer voltage was 
measured as 48H then the flow (ref. Figure 10) 
would be: 

A subroutine which implements this calculation is 
shown in Figure 1 1 .  Before it is called the indepen- 
dent variable (V) is placed in the accumulator and 
register R1 is set t o  point at the first value in the 
table. Aside from simple additions and subtractions 
the only arithmetic required is to multiply two 
values and then divide them by 16. The multiplica- 
tion is handled via a subroutine which is also 
shown in Figure 1 1. The division by 16 can be per- 
formed by a four place right shift followed by a 
rounding operation. The routine shown will handle 
a monotonic increasing function of a single inde- 
pendent variable. Fairly simple modifications are 
required for nonmonotonic functions. Functions 
of two variables can be handled by interpolating on  
a plane rather than along a straight line. Although 
this is more time consuming, requiring an inter- 
polation for each of the independent variables and 
a third to interpolate the final answer, it still 
provides a simple means of quickly calculating the 
required function. The use of tables can offer a 
powerful technique for function evaluation to  the 
designer. 

RECEIVING SERIAL CODE-BASIC 
APPROACHES 

Many microprocessor based systems require some 
form of serial communication. Serial communica- 
tion is extensively used because it allows two or  
more pieces of equipment t o  exchange information 
with a minimal number of interconnecting wires. 
The minimization of interconnecting wires results 
in simpler, cheaper, interconnects because fewer 
(or smaller) cables and connectors are required. 
Since the required number of drivers and receivers 
required is reduced, it can become economically 
feasible to provide much higher noise immunity 
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9 J  I'IIBLL: DB 0 0  ; THIS 'CIIBLE I S  Fm3! FIG 1 0  
9 4  DB 1 8  
9 5  m 22 
96  DB 26 
9 7  DB 38 
98 UB 14 
9 9  DB 3 8  

1 0 0  DB 40 
1111 DL1 4 1  
1 0 2  0 8  42 
1 0 3  DB 4 3  
1 8 4  DB 4 5  
1 0 5  C0 4 8  
1U6 CB 4 9  
1 8 7  DB 53 
1 6 8  DB 56 
1 0 9  C6 6 3  
1 1 0  
1 1 1  EhD 

Figure 11. Table Lookup With Interpolation 

with more sophisticated (and expensive) line eighth data bit usually consists of even parit), on  
terminators. The final, and usually most persua- the remaining seven data bits; for the purposes of 
sive, argument in favor of serial cornrnunication this discussion the eighth bit will be considered 
is that it may be the only method available t o  only as data. A minor variation of this format 
accomplish the job. The obvious example of deletes one of the STOP bits. An algorithm which 
this is telecommunications where it is necessary might be used t o  sample serial data under software 
to encode parallel information into serial format control using a microprocessor is shown in Figure 
in order to communicate via the telephone net- 13. Th: basic intent of this algorithm is to  mini- 
work. The intent of this section is to show how mize the effects of distortion and transmission rate 
the facilities of the MCS-4gTM can be brought to  variations on the reliability of the communication 
bear on the problem of serial communication. by sampling each data bit as close to its center as 

possible. Upon entry to  this routine the s o f t ~ , a r e  
t b n 
m _ m t - first samples the incorning data in a tight loop until 
t"- E 0 

m d 
Q m a  

6 2 + 0 ‘z it is sensed as a MARK (logical one). As soon ,IS a 
g E 0 k z 
7 -  - -A 

MARK is detected, a second loop is ent'ered during 

7 0 ~ U 1 ) : D 4 ~ D 5 ~ U b ~ U I ' D 8 1  ' 1 which the software waits until the received data 
goes to a SPACE (logical zero). The purpose of this 

Figure 12. Serial ASCII Code 

Probably the most common form of serial com- 
munication is that used by the obiquitous Teletype- 
serial ASCII. This format, shown in Figure 12, con- 
sists of a START bit ( 0  or SPACE) followed by 
eight data bits which are in turn followed by two 
STOP bits (1 o r  MARK). In actual practice the 

construction is to detect as accurately as possible 
the leading edge of the START bit. This instant of 
time will be used as a reference point for sampling 
all of the following bits in the character. Al'ter 
sensing the leading edge of  the START bit a wait 
of one half the expected bit time is implemented. 
The period of the incoming signal is called P for 
convenience. At the end of this wail the serial line 
is tested-if i t  is MARK then the START bit was 



S E R I A L  IN  ,, 

SPACE e 
a-1 BUFFER 0 M A R K  

Figure 13. Sample Serial lnput Routine 

invalid and the process is reinitialized. If the line is 
still a SPACE, then the START bit is assumed t o  
be valid and a delay of one bit time is started. At 
the completion of the delay the first data bit is 
sampled and a new delay of one bit time is initiated. 
This process is repeated until all eight data bits 
have been sampled. The last bit sampled is checked 
to determine if i t  is a valid STOP bit (a MARK). If 
i t  is, the character is assumed to  be valid; if i t  is 
not, the character has a framing error and is pro- 
bably invalid. A listing of a program which imple- 
ments the above procedure is shown in Figure 14. 

A disadvantage of the approach outlined in Figure 
13 is that while the processor is inputting data 
se~.ially it must totally dedicate itself t o  this task. 
Accurate timing can only be maintained if the 
program remains in a tight wait loop without 
allowing itself t o  be diverted to  other functions. 
During reception of a character from a Teletype 

the. processor will spend only a 100psecs or  so pro- 
cessing data and the rest of the 100 millisecs wait- 
ing to do  the processing at  the right time. This lack 
of efficiency (approximately 0.1 %) in the utilization 
of processing power is why devices such as the 
825 1 USART find broad application in micro- 
processor systems. 

I :  
2 ; SIWLt SERIAL INPVI 
3 ; - T h i s  CUOE ASSCMES RXD I S  

4 ;  CWNECTED m PIN T0 

5 ;  6 ; "*.."***..*.."***~....****.. 
7 
8 . ---..-- 
9 ; LyUAltS 

10 . 
1 I 

111112 1 2  CCYJNT Q U  R2 ; CCCRiPER 
MOD8 1 3  0 1 1 ~ ~  w 8 ; M OF 0 1 1 5  m RECEIVE 
1111112 1 4  GLYHI E4L 2 ; HI DLY COCDTr 
OdA4 1 5  DLYW w 0A4n ; w DLY COCDT~ 

1 6  
11101 17  O E  l0MH 

1 8  ; LLOP N I L  R W = W  
Lll0il 26011 19  SEkllv: JNTO 5 

20 
MI02 3602 21  ,110 

2 2  
11114 3 4 l i  23  CALL 

24 
01116 36d0 2 5  J 1 0  

26 
0108 W 9  27 W V  

2 8  
Lll0A 341C 29 L m P :  CALL 
0 l K  311C 311 CALL 

3 1  

; WAIT 112 BIT l l U €  
h811 

; I t  €RISE START REIUI'IALIZE 
SERIh 

; ELSE SET BIT Cclnvr 
C m . # B I T N X l  

; kAIT 1 BIT TIWE 
HBIT 
W I T  

: DECRWEW C U M  
32 ; - l F  ZERI EXIT klTH CARRY SEI ON 
33 ; -ER/VIIffi tWOR 

010E E415 34 WNZ ~ , I O A D  
3 5  CLR C 
36 JTd U I T  
37 CPL C 
38  EXIT: RE? 
3 9  ; LOAD 'WTA 
4U LDAC: cm c 
4 1  JNT0 LLLA 
4 2  CPI. C 
43LLLA:  Ri6 A 
44 ; RND L m P  
45 J W  UI)P 
46 
47 . 
4 8  ; DEIAY ONE HRLF BIT TIWE 
4 9  . 
544 
.. . --- - -~~ 

5 2  HBIT: W V  H4,YDLYHI 

5 3  ; UX3P M I L  TINE OLNE 
54  HL(LII': FY)V R3,YDLYW 
55 WNZ W,$ 
56 WNZ R4,hUI)P 
57  REI 
58 ; END OF P W R M  

59 END 

Figure 14. Simple Serial lnput 

The 8251 USART is simple to  interface to  the 
MSC48. Figure 15 shows such an interface. The 
USART requires a high speed clock (CLK), an ini- 
tilization signal (RESET), data clocks (TxC and 
RxC), and data in order to  operate. A circuit 
showing the connection of an 8748 to  an 8251 
USART is shown in Figure 15. In the circuit shown 
the high speed clock (which is used for internal 
sequencing by the USART) is provided by con- 







LLX (BJ 

0020 
8081 
0003 
0 K E  
0821 
8083 
0081 
8080 

0180 

n l n n  75 
8101 EN0 
8103 BM1 
0185 FM5 
8107 9ADF 

8189 2303 

0100 2KL 
Sl0D 90 
010E 2321 
0118 90 

8 ;  - 
1 ; S m  TEST 
2 ; M I S  CODE I ~ I A L I Z E S  THE USRI(P 

3 ; AhD 1 W I I S  IYi INCPmEmIN; 
4 ; PATIERII. HRR[*IRRE S W  IF  FIG 17. 
5 ;  

6 
7 . 
8 ; ECWTES 
9 . -- - - -- 

10 
11  KLR EPU 20H ; USART RESEI'AWRESS 
12 DLY KC 01H ; USART RESET DEIAY 
11  LElW KC 03H ; USARI W R ) L  ADDRESS 
14 mDE EfJJ 0CW ; U S A R I  EIX)E 
15  CllD mu 21H : USARI CllD 
16 STAT 83H ; U W  STATUS 
17 VAL W Ui ; TEST VRUIE 
18 DATR Epu 80 ; U W  DATRAWRESS 

l00H 
; TURN CU CLLXK 
: AND RZSET USARI 

. ~ .  
; SELECT U W  m R ) L  

A.ILECU 
; SEND mCE RND C W D  

31 KN A,IWDE 
32 lWVY Pi2B.A ; ~Ct3.TEh.E OF P.E UNIMmKTANPl 
33 KN A , I W  
34 K N X  BW,A 
35 : m m m  
36 ; S E m  USARI STATUS 
37 : I F  'IXRDY-1 THm 
38 
39 
40 
41 
42 
43 TLP: 
44 

45 
46 
47 
48 
49 
50 
51 
52 
53 

KN 
K N X  

RM 
JNC 
m v  
m 
m v x  
INC 
J M P  

LND 

: ffi; 
W P V P  VRUIE; 
INCWMEN VRUIE: 

; mD; 
; END; 

A.ISTAT 
A.1P.E ; (CCNTENPS OF RB UNIMmRTANP) 

A 
TLP 
A,VAL 
W,IDATA 
PW,A 
VAL 
TLP 

; UID OF P R X W  

Figure 18. Modified 8251 Test Program 

The timer resident on  the MCS-48 provides a solu- 
tion t o  this problem. Instead of spinning in a loop 
the program can set the timer for a given interval, 
start i t ,  and proceed to other tasks. When the timer 
overflows, an interrupt will be generated to  notify 
the software that the present time period has 
elapsed. An extension of the algorithm of Figure 
13 which uses the timer in this fashion in shown in 
Figure 19. This algorithm is identical t o  the preced- 
ing one up until the detection of the leading edge 
of the start bit. At this point the timer is set to one 
half of the bit time (P) and a return is made to  the 
calling program which can start additional process- 
ing. At the completion of this time interval a 
timer overflow interrupt is generated. When the 
first interrupt is detected, the serial line is checked 
t o  ensure that i t  is in a spacing condition (valid 
START bit). If it is, the timer is set t o  P ( to  sample 
the middle of the first data bit) and a return is 
made to  the program which was running when the 

interrupt occurred. If the serial line has returned to 
the MARK state, a status flag is set to indicate an 
error and a return is made. On subsequent interrupt 
detection, the data is sampled, the timer is reiniti- 
ated, and control is returned to  the program which 
was running .when the interrupt occurred. When 
the last (i.e. STOP) bit is detected a completion 
flag is set and a return is made to the program 
running when the timer overflow occurred. By 
periodically checking the error and completion 
flags the running program can determine when the 
interrupt driven receive program has a character 
assembled for it. 

T IMER 
OVERFLOW 

V 

I SHIFT  C>yJ SPACE 

@ M P R K  

S E T ' M E R  
F O l i  ,P 

ERROR T IMER ERROR 
F L A G  F L A G  

Figure 19. Improved Serial Input Routine 

Using the timer to  implement time delays as shown 
in Figure 19 results in considerable savings in 
processing time; two problems remain, however, 
which must be solved before an adequate software 
solution to  the problem of receiving serial code can 
be found. The first problem is that even though the 
delays between bit samples are implemented via 
the timer rather than program loops the loop con- 
struction is still used to  detect the leading edge of 



the START bit. Although this results in the waste 
of  processing power, the second problem is even 
more serious. For longer messages the required 
accuracy of the clocks becomes more and more 
stringent. Using the sampling technique discussed 
a cumulative error of one half a bit time in the 
time at which a bit sample is taken will result in 
erroneous reception. The maximum timing error 
which can be tolerated and yet still allow proper 
detection of an 11 bit ASCII character is then: 

Emax = 
0.5*BIT TIME OSP - 4.5% CHARACTER TIME - 11 - 

where P is the period of single bit. The correspond- 
ing calculation for a 32 bit character yields: 

Since Ihis calculation does not allow for distortion 
on the signals, it is obvious that either extremely 
stable clocks will be required or a more tolerant 
algorithm must be devised. This problem is parti- 
cularly serious at relatively high baud rates where 
the resolution of the counter (80psecs with a 6 MHz 
crystal) becomes a significant percentage of the 
period of the received signal. At the 110 baud rate 
of the Teletype the 80psec resolution of the clock 
allows a maximum accuracy of 0.33%; at 2400 
baud this figure is reduced to  3.8%. 

INT 
AD 

) ' ALE F w" 

~ ; i  } PORT 1 

PSEN 

RESET 

Both efficient detection of  the start bit and increas- 
ed timing accuracy can be obtained if the MCS48 
can detect edges on the incoming received data 
(RxD). A hardware construct which allows this 
is shown in Figure 20. 

The received data (RxD) is Exclusive NORed with 
bit seven of port two and fed into the TEST ( T l )  
pin of the MCS-48. By manipulating P27 the - pro- 
gram can now cause T1 to  be either RxD or RxD. 
(If - P27 = 1 then T1 = RxD; if P27 = 0 then T1 = 
RxD.) Note that not only can T1 be tested directly 
by the software but that it is the input which is 
used when the MCS48 timer is in the event counter 
mode. The significance of this will be discussed 
later. The relationship between T1, P27, and RxD 
is given by the Boolean expression: 

Figure 2 1 flowcharts a means of utilizing this hard- 
ware construct to avoid the necessity of wasting 
time in program loops to  detect the leading edge of 
the start bit. The receive operation is initialized 
when the program desiring to  receive serial data 
calls the INIT subroutine (Figure 2 la). Since INIT 
is going to  manipulate the timer the first action it 
performs is to  disable the timer overflow interrupt. 
Its next step is to set P27 to  a logical 1. Setting 
P27 in this manner causes the TEST 1 input to the 
MCS48 to  follow E D .  By setting up the receive 
circuitry in this manner a high t o  low transition 
will occur on TEST 1 when the RxD goes from 
the MARKING to  SPACING state (i.e. the START 

I 
DISABLE TOFLO 

I 
P27 = 1 

I 
TIMER = 1 

STRT EVENT CNT 

I 
RDF = 1 

I 
SET BCOUNT 

I 

Figure 20. Detecting R x D  Edges Figure 21a. Interrupt Driven Serial Receive Flowchart 



TIMER 

ATEMP = A a 
START 

TIMER = P 

CARRY = R x D  Q 
DEC BCOUNT 0 

DISABLE TOFLO 'zc EXtT 1 

Figure 21 b. lnterrupt Driven Serial Receive Flowchart 

START 9 

TIMER = P e 
START T el 

BCOUNT 171 = 0 9 
A = ATEMP -0 

Figure 21c. lnterrupt Driven Serial Receive Flowchart 

bit occurs). By setting the timer t o  OFFH and 
enabling it in the event count mode, the INIT 
routine sets up the MCS48 t o  generate a timer 
overflow interrupt on the next MARK to  SPACE 
transition of RxD (the TEST 1 input doubles as 
the event counter input). Before returning to  the 
calling program the INIT routine sets a flag (RDF) 
which will be cleared by the receive program when 
the requested receive operation is complete. INIT 
also sets a value into a register called BCOUNT. 
The receive program interprets BCOUNT as follows: 

I 4  Number of bits remaining 
t o  receive 

BCOUNT 

I f  set indicates that the 
START bit has not yet been 
detected 

If set indicates that the 
START bit has not yet been 
verified 

I I I I 

In order to  request the reception of the 1 1  bit 
ASCII code INIT would set BCOUNT to  1 100 101 1B. 
The start bit has been neither verified nor detected 
and 1 1 bits (I 01 1 B) are required. 

After INIT is called the reception of the individual 
serial data bits will proceed on an interrupt driven 
basis until a complete character has been assembled. 
When this occurs the interrupt driven program will 
set the RDF (Receive Done Flag) t o  a zero to  indi- 
cate that it has completed the requested operation 
and then terminate itself. The procedure which is 
used to  accomplish this is shown in Figures 21b 
and 2 1 c. 

2 7 

Since all operations of this program are the result 
of the occurence of a timer overflow interrupt, it 
is necessary to  briefly review the interrupt structure 
of the MCS48. There are two sources of interrupt; 
an external interrupt which - is the result of a logical 
zero signal applied to the INT pin of the M('S48, 
and an internal interrupt which is caused by a 
timer overflow condition. The timer overflow 
occurs whenever the timer is incremented from 
OFFH to zero whether it be in the timer or  event 
count mode. When one of these events occurs the 
hardware in the MCS48 forces the execution of a 
CALL. This CALL has a preset address of location 
3 if it is due to  the external interrupt and location 
7 if it is due to  a timer overflow. If both of these 

5 6 1 0 4 3 



events occur simultaneously the external interrupt 
will take precedence. The CALL automatically 
saves the contents of the program counter for the 
running program and its PSW (program status 
word) on  a stack the hardware maintains in RAM 
locations 8-23. Although the hardware saves the 
program counter and PSW, it remains the responsi- 
bility of any interrupt driven software to  make 
absolutely certain that it does not modify any 
memoly locations or  registers which are being 
used by the main program. The most convenient 
way of ensuring this in the MCS48 is t o  dedicate 
the second bank of registers (RBI) t o  the interrupt 
driven program. One of these registers has t o  be 
used t o  save the accumulator (which is not  part of  
the register bank) but seven registers remain; 
including two which can be used as pointers to the 
rest of the RAM (RO and R l ) .  Note that if this 
approach is taken then these registers have to  be 
allocated between the program which services the 
external interrupt and the one which services the 
timer overflow. This problem is somewhat alleviated 
by a hardware lockout which prevents the timer 
overflow interrupt from interrupting the external 
internlpt service routine and vice versa. This is 
implernented by locking out  new interrupts between 
the tirne an interrupt is recognized and the time a 
RETR instruction is executed. The RETR instruc- 
tion is like a normal RET (return from subroutine) 
except that the PSW as well as the program counter 
is restored. The RETR instruction can be very 
much thought of as a return from interrupt instruc- 
tion in the MCS48. 

The receive program under discussion uses register 
bank 1 in the manner described. Whenever a timer 
overflow occurs (e.g. on  the next MARK to  SPACE 
transition of RxD after INIT is called), control is 
passed (by the hardware generated CALL) to  the 
point labled TIMER OFLO in Figure 21b. This 
program segment immediately selects register bank 
1 (RBI)  and then saves the accumulator (A) in a 
location called ATEMP which is actually R7 of 
RB 1. The program then tests bit seven of BCOUNT 
(R6 of RBI) t o  find out  if a START bit has been 
verified (i.e. the edge of the START bit has first 
been detected and then verified to  still be a SPACE 
one-half a bit time later. If BCOUNT [7 ]  is a zero 
the START has been verified and the program pro- 
ceeds to set the timer t o  P (the period of the serial 
bit), get the current serial data into the carry bit, 
and then shift the carry bit into a buffer. After 
saving the data the program decrements BCOUNT 
and tests it for zero. If BCOUNT is zero the receive 
operation is complete so the program sets RDF to  
a zero and disables timer overflow interrupts. 
Whether or  not  BCOUNT is zero, control is passed 
to EXIT where A is loaded with ATEMP and a 

RETR is executed. Note that since the state of 
the flip flop which selects RBI is saved as part of 
the PSW, the execution of RETR automatically 
selects the register bank which was active when 
the interrupt occurred. 

If BCOUNT [ 7 ]  is still set when it is tested, con- 
trol is passed to START (Figure 2 1 c) where bit 6 
is tested to  determine if the START has been 
detected yet. If BCOUIVT [6 ]  is set it indicates 
that this is the first occurrence of a timer overflow 
since the receive process was initialized by the 
INIT subroutine. If this is so, the program assumes 
that the START bit has just started and therefore 
it sets the timer to one-half of a bit time (112 P), 
starts the timer in the timer mode, and clears 
BCOUNT [6 ]  t o  indicate that the START bit has 
been detected. The next overflow will again result 
in the execution of the program in Figure 2 1 b and 
again BCOUNT [ 7 ]  will be found to  be set. This 
time, however, BCOUNT [ 6 ]  will be reset and the 
program will know that it should test the START 
bit t o  ensure that it is still a SPACE. This test is 
performed and if successful the timer is set for a 
bit period P and BCOUNT 171 is reset so that on  
the next occurrence of a timer overflow the pro- 
gram will know that it should start assembling 
serial bits into a character. If the test is unsuccess- 
ful, the subroutine INIT is used to reinitialize the 
receive program. In either case control is passed to  
EXIT where a return from interrupt mode occurs. 

This receive program, listings of which appear in 
Figure 22, allows the reception of serial characters 
transparently to  the main running software. After 
INIT is called the main program has only to  check 
RDF periodically to  find out if there is data in the 
buffer for it. I t  would be fairly easy to  'double 
buffer' this operation by providing a buffer which 
the receive program uses t o  deserialize the incom- 
ing code and a second buffer t o  store the assembled 
character. If the program would reinitialize itself 
upon completion, the reception of a string of 
characters could proceed in much the same way as 
it would if a status driven USART were being used. 

Although this program solves the first problem of 
software controlled reception (lack of efficiency) 
the second problem-sensitivity t o  frequency 
variations-remains. An example of a code which 
would be susceptible to this problem is the 3 1,26 
BCH code commonly used in supervisory control 
systems. (A supervisory control system is, in 
essence, a remote control system which allows a 
human or computer operator the control of a 
system via a serial communications link.) The BCH 
codes are used because of their error detection 
capabilities and are a class of cyclical redundancy 



2 ;  
3 ; S t W U  INFVI USIffi M E  ECS-48 
4 ;  r n I >  CODE R 5 S M  HRRIWARE 
5 ;  SHCWN I N  FIG 20. 10 USE 
6 ;  THIS m I N E  CALL INIT. 
7 i WHEn RDF=0 I h E  A5SiXBLF.D 
8 ;  CHRkACTEH WILL 81. IN SERBUF 
9 ;  

1 0  ......................................... 
11 
1 2  . ------- 
1 3  ; WA1'E.S 
14  .......- 
1 5  
1 6  ATW EQU n7 : s m w E  FOR A DURIK; IWERUPI' 
1 7  K W M I  W H6 ; CONPAINS N W E R  OF BITS IN KY; 

1 8  Cam RZ ; LTILITI  r n E R  
1 9  HX8 EQU RB ; IWINTER 
2U B I 1 t U  EQCi 8 : NUMBER OF BIT5 
2 1  P W 4 1  ; W I E  PERIOD 
2 2  StRBUF W 20H ; SERIAL BUFFEX 
2 3  RDF ELL 24H ; HEfEIVE DXiE FUIG 
24 
2 5  . 
2 6  ; CUhl!XIL P X S U )  HERE WEN TlMEE O F W  CCCURS 
27 . ---.-------------------..------..------.-- 
28 
2 9  O K  07H 
30 : /'mTER IKIEMUPI  WDE'/ 

rn ; 
TIl4EWP; 
S T M T  T I W R ;  
P27-8; 

EN I 
~ l 7 l = 8 ;  

END; 

A, I-P 
1 .A 
T 
P2.87FH 
I 
A . m  
A.87PH 
e€OOW,A 
S U I T  

m 
m v  
S l W  
iVrL 
En 
f f iv  
ANL 
m 
3 w  

U S E  
r n ;  

CALL INIT; 
EnD : 

CALL INIT 
; E E E  
; r n ;  
; 11HEII.f'/2; 
; S T M T  T I M ;  
; K W M I ( 6 1 - 0 ;  
; m; 

PIW A,&-(P/2)  
IIW +,A 
S T W  T 
m A,BCWW 
ANL A,&08FH 
m v  B C U R I I , A  

; Elm; 
: /*EXIT IWEIUIPI EXID€./ 

311MVEC: SEL RBI 
32  EUY A 1 W . A  
3 3  ; I F  BCMNT(71'0 THEU 

3 5  3 8 7  START 
36 ; LU; 
37  ; TIMER-P; 
38  EliY A.8-Y 
39  EXlY T,A 
4B ; STARI TIMER 
4 1 S L l t l :  ST53 T 
1 2  ; /VAP.RY=KU)'/ 
4 3  ; CARRY=F27 XNOR TEST]; 

: INIT: 
; p m E W J F s ;  
; m: 

DISABLE IWWUPE; ;  
P27-1; 
T I r W = - I :  
START w cw:; 
RDF.1; 
BCMh'F0C0H OR B ; W  

MD; 
; M D  INIT; 

m1 
P2.880H 

J T 1  TISRO 
r w  c 

; /'5HIEl CAKRY IW BUI 
; MU=SLRBLIF; 
; R S H F I  ELMIHXB); 

m V  RXB,#StRBUF 
XLH A.PW0 
RHC A 
XCH A.eRX0 

; K m W = B c m - l ;  
; I F  -0 THEN 

WNZ t Y I U W , S U I T  
; r n ;  
; RDf.=a; 
; DISABLE EX I W ;  
: WD: 

1 2 9  
1 3 1  INIT: DIS 
1 1 1  ORL 

66  : WD: 
6 1  JMP bEXIT 
Ob ; ELSE 
6 9  i m; 
7a ; IF ~ m 1 6 1 = 0  THEN 

Figure 22. Interrupt Driven Serial Receive Program 

codes such as those used in synchronous data com- 
munications (e.g. BISYNC or SDLC). BCH codes, 
named for their originators Bose, Chaudhuri, and 
Hocquenghe~n, are characterized by having a length 
of n=2m-1. The number of redundant check bits 
can be mt where t is a positive integer (clearly m t  
Gn). The 3 1,26 code fits this format with m=5 and 
and t= 1. The length of each message is n=25-l=3 1 
with 5*1 redundant bits, leaving 26 bits available 
for data transmission. With an appropriate poly- 

nominal BCH codes can detect all errors consisting 
of 2t  error bits and all burst errors of m t  or  fewer 
bits. The 3 1,26 BCH code will therefore detect any 
erroneous messages with 1 o r  2 errors or bursts of 
errors of less than 5 bits. The 3 1,26 format (shown 
in Figure 23) requires the reception of a start bit 
followed by 3 1 information bits, clearly beyond 
the capability of the USART but perhaps within 
reach of a program controlled approach using the 
MCS48 itself. 



START BIT STOP BITS 
1: PACE) DATA BITS CHECK BITS (MARK)  

\-- 

Figure 23. 31,26 BCH Code 

A concept which reduces sensitivity to  frequency 
deviations and thus allows the reception of longer 
codes is shown pictorially in Figure 24. The first 
line of this timing chart shows an alternative ones 
and zeros pattern on the RxD with a period of 5 
milliseconds. The second line shows that by 
sampling at a period of exactly 5 milliseconds the 
data can be properly interpreted. The third and 
fourth lines show the effects of sampling with a 
period of six and four milliseconds respectively. In 
either case, an error occurs at the third sample 
where both periods result in sampling on an edge 
of the RxD signal. The third line of Figure 24 
shows a hybrid sampling scheme which, based on 
some additional information, switches sampling 
periods between the two values. As can be seen in 
Figure 24, the data is sampled with a 4 millisecond 
period until the sampling begins to  fall behind the 
data; s t  this point the sampling period is increased 
to  six milliseconds and the sampling first catches 
up and then passes the center point of the data. As 
soon as this happens, the sampling period reverts 
t o  the 4 millisecond period and the cycle repeats. 
It can be seen that this scheme sets up a pattern 
which repeats indefinitely and the data can be 
successfully sampled. Note that the sampling pattern 
established is alternating periods of four and six 
milliseconds. The average period of this pattern, as 
might be expected, is 5msec. Line 5 of Figure 24 
shows the effect of a change in transmission speed 
to  a period of 5.5 msec with no  change in the 
sampling time. The sampling is again successful but 
the new sampling pattern is 4-6-6-6; 4-6-6-6, etc. 
Note that the average sample is again equal to the 
period of the received data (5.5). While this scheme 

4msec .AMPLE I l l  

5 5 5rnrec PERIOD 
HYBR DSAMPLE I 4 6 6 6 6 1 6 6 1 4  1 

Figure 24. Various Sampling Alternatives 

does seem to work, the question of what additional 
information is needed remains. 

The MSC48 must somehow decide when it is drift- 
ing out of synchronization and take corrective 
action. By referring back to  Figure 24 it can be 
seen that if the MCS48 could determine where the 
edges of RxD occurred with respect t o  its sampling 
times then the additional information would be 
available. As can be seen in the figure the choice of 
sampling period can be based on the following rule: 

If an edge on the RxD line occurs during the 
first half of the current sampling period, then 
use the short period for the next sample. If an 
edge occurs during the second half of the period, 
then use the long sampling period for the next 
sample. 

If the data on the RxD line does not change, of 
course, the MCS-48 will drift out of synchronization 
just as the original algorithum did. As long as edges 
occur on TxD, however, synchronization can be 
maintained. To maximize the allowable time 
between edges, the following addition could be 
made to the above rule: 

If no edge occurs on the RxD line during a 
sample, then change sanzpling period from short 
to long or vice versa. 

Note that this addition to  the rule will result in 
using an average of the two sampling periods when 
no edge occurs for several bit times. 

The edges of RxD can be easily detected by the use 
of the same structure (the Exclusive - NOR gate) 
which was added to  the MCS48 in Figure 20. This 
gate, which is used to  detect the edge on RxD 
which begins the START bit, can naturally be used 
t o  detect any edge. Since the timer is being used to  
time the bit period, however, the event count input 
(TI)  is not useful during the receive itself. By con- 
necting the output of this gate, however, t o  the 
INT input to  the MCS48 (see Figure 25) it is 
possible to detect edges on RxD with the event 
counter when the program is trying to detect the 
START bit and by the external interrupt when the 
program is using the timer to  control the sampling 
times. 



Because of this edge detection it is important t o  
condition RxD with hardware filters to ensure that 
the edges of RxD are clean. Any ringing will cause 
repeated CALLS to XISR and probable erroneous 
operation. The changes to the START process 
(Figure 26c) are two-fold; first the TIMER is set to 
one half the average of the two sample periods 
when the START bit is first detected (BCOUNT 
161 = l ) ,  and second the processing of the edge 
information is initialized by presetting SNAP and 
clearing P27. 

' 0  7 

"CC 

"DO 
ss 
PStt, 02 

D 1 

"5s Do 
E A 

RFSFT 

I I 

SNAP is preset so that when the reception of data 
actually begins (Figure 26b BCOUNT [ 7 ]  = O),  the 
decision block which tests SNAP against LIMIT 
will be initialized. This block actually compares the 
value in SNAP with a LIMIT value which is used to 
determine if the sampling point is ahead or bchind 
the actual midpoint of the serial data. 11' the 
sampling is ahead then the timer is set for TMIN; 
if the sampling is behind then the timer is set for 

X I  X ?  

P R O G  
A L F  

' I !  

' 16  

Figure 25. Modified Edge Detection 

- RD - LV R 
--- 
-- 
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A modification to the program of Figure 2 1 which 
implements this new sampling algorithm is shown 
in Figure 26. The first deviation from the original 
program is the addition of a routine (XISR, Figure 
26a which is called when an external interrupt 
occurs (i.e. when an edge occurs on RxD). This 
routine saves the status of the running program and 
then stores the current value of the timer register 
in a location called SNAP (R5 of RBI). After 
doing these operations the program complements 
bit 7 of port 2. Manipulating P27 in this manner 
will cause the Exclusive NOR gate to  turn off the 
external interrupt and will set it up to generate 
another interrupt when the RxD line changes again 
(has another edge). 

- 
'26 '15 - - 
'25 '14 --- - '24 

PORT 1 
P ~ 3  - --- 

'23 - 
p21 - 
'20 '10 - 

TIMER 

SELECT R B I  

ATEMP = A 

BCOUNT START 

SNAP NO 

LIMIT I 

1 

01s EXT INT a 
ATEMP = A 

BUFFER - C  m 
START EVENT CNT 

RDF = 1 a A = ATEMP P 
SET BLUUhT T' DISABLE El 1 F( E X I T  ] 
Hybrid Sampling Flowchart Hybrid Sampling Flowchart 



START w 

START TIMER 

SNAP = LIMIT - 1 

CHARGE INT a 

TIMER = T A V E / 2  & 
START TIMER a 

BCOUNT 161 = 0 a 

A = ATEMP 

I 

Hybrid Sampling Flowchart 

TMAX. By presetting SNAP in the manner shown 
in the flowcharts the second rule of the algorithm, 
(if no edge appears on the RxD line during a 
sample, then change the sampling periods short to 
long or vice versa) is automatically met. If an edge 
occurs then XISR will modify SNAP, if XISR is 
not invoked between two samples then the choice 
of timer periods will alternate. The only other 
significant change to  the algorithm is that the INIT 
routine must now lock out all interrupts, not just 
the timer overflow interrupt, while it  is operating. 
A program which uses this algorithm to  receive a 
32 bit message is shown in Figure 27. 

2 1 
3 ; SERIAL INFiJl USIffi IICS-48 
4 :  THIS i m E  ASLIIES m 
5 ;  s m  IN FIG 25. PR*IRAII 
6 ;  IS SIMUIAR m PRNIOUS 
7 ;  WE. A ElOE SOPnlSTICATW 
8 ;  W L I f f i  I\WRITHII I S  USED 
9 i 

l b  ; Wt: A P U R  LIKE LAH;UPGE Uk5 USED 
1 1  ; I0 CUV4WI 'MIS LISTIffi bND 
1 2  ; StVERRL OTHWS IN THIS W E .  Ki 
1 3  ; C W I L E K  EXISTS D k  THL KS-48.  
1 4  ; I% cc?mwIS W E 5 E  'W 
1 5  ; C W I L E O '  I M O  ASSFWLY a l 0 E  
1 6  ;; 
1 7  ; ..............................*....... 
I 8  
1 9  . 
2 1  ; W T t S  
) I  . 
22 
2 3  A T W  W R7 ; SmRPCE FCR A UJIUNi INTEROPI 
24 BUUNI EQJ R6 ; CCNIAINS YUElBER OF BITS IN h?G 
25 SNAP R5 ; 'TMF.5 T I E R  S W  SHOT Ch W(D EOCE 

26 C W h l  Eylr RZ ; U P I L I n  CWNTEF. 
27 HX1 4U ; POINTER 
28 BIl f f i  W 32 ; hUElBER OF BITS 
23 LIUIT EU 2 1  : TEST VALUE mR MIN/W WLI~C 

FFD5 30 ?PAX W - 43 ; WLX W L E  PERlOC 
F FD9 31 W I N  FUJ -39 : k l N I h W  W L E  PLhIOD 
F F f C  32  HRLf. W -20 ; HALF NDlINRL PERIOD 
8621 3 3  SLMUF W 2bH ; STPRl OF SERIAL WFFm 
I124 34 PDF E4J  24H ; R U t l V t  UJNE F A G  

3 5  
36 . 
37 ; I W W L  P & U  HtRC ai Em. I W .  
3* . 
39 
46 Oid; U3H 
4 1  ; CALL SERVICE W I N E  
42 EIVIC: CW XISR 
43 PET H 
44 
(5 . 
46 ; CWEQL PASSCO HERE kHM T I M 2  OfW OCCURS 
4, . 
48 
43 ; /'ENTER INTEROPI mDE'/ 
58 TPIVU: SEL PE1 
51 MSJ ATFW,A 
52 ; It' KWNI I71 =O THW 
53 ElOV A.BCUIN1 
54 JB7 STAKT 
55 ; w; 
56 ; I F  S W < L I M I T  THW 
57 m V  A . S W  
5b 

59 
6 1  
6 1  
62 
6 3  
64 
65 
66 
6 7 
68 
69 
7W 
7 1  
72 
73 SLLA: 

AEL A.1LlMIT 
567 SLLA 

; w; 
; T~PER=?PIIIV; 
; SNAF-LIMIT+l; 
; a n ;  

WV A,I'IMIN 
P&b T.A 

ELjY SW.IIL1MIT-1 
J W  S U E  

; tISt 

; w ;  
; T 1 W = T W ( ;  

; S W L l M I T - I ;  
; t l i i i  

wv A.Y'Ib4.Y 

Figure 27. Hybrid Sampling Program 



74 WV 1.A 
75 wv LNAP,ILIHIT-1 
76 ; alRR? TIER; 

143 SLID: WU;L INIT 
144 ; U S E  
145 ; W: 
146 ; T I m  W ~ D W ~ A ~ I , ' ~ ;  
147 ; S T m T m ;  
148 ; BZXMi"161=0; 
149 ; ENC; 
1 %  SLIC: m A , # W  
151 MX T.A 
152 STRI 1' 

153 W A,BZXMi" 
154 ANL A,#BBFH 
155 W I r (MP.A 
156 ; END; 
157 ; /*EXIT IrnEROE'I ma/ 
158 SUIT;  IUV A,ATtllO 
159 RElR 
166 
161 ; 
I62 ; IMTII\LIZL m I N E -  
163 ; STARTS RETEIYE PTTCE5.S 
164 ; 

165 
166 ; INIT: 
167 ; PKCEIRE; 
168 i CO; 
169 D I W W  IWtRUPPj; 
178 P27.1: 
171 TIER=-1; 
172 S 1 m  N m l  CCUII; 
173 RCF=I; 
174 BCC(rWFKBH UH B r R U  
175 FhD; 
176 ; U*U INIT; 
177 ItiI'I: 01s I 
170 DIS 'tCNI'I 
119 GRL P2,#80H 
la0  )UV A,#-I 
181 KX T,A 
182 S lRI  ChT 
183 IOV hl0.IMF 
184 KN k.81 

775LLB: blKC 1 
78 ; /.CRRRY=RXC'/ 
79 ; W Y = P 2 7  XOR 1M11; 

WIL DA 
b b l t  F7 
v l l F  4b22 
bb21 A1 

84 
85 
116 
87 
68 
84 
90 
91 
92 TI&&: 

Y3 
94 sump: 
95 
96 
97 
98 
99 

118 
I b l  
l b2  
1b3 
1114 
105 
166 
107 
lU6 
189 

niiv 

w 
XCH 
R16 
XCH 
IPE 
WNZ 

; w: 
; RDF=0; 
; DISABLE UI INI; 
; m; 

W(0. *AOF m 
CLR 
U N  
DIS 

l l b  DIS I - - 

111 ; END: 
112 JW SEXIT 
113 ; USE 

lea RLT 
189 
1911 
191 . 
192 ; I ~ E W E ' I  S W I C E  -IN€ 
193 ; - 
194 : XISR: 

l l j v  
mu 
s'Im 
mb 
ANL 

W 
rn 
ANL 
k h  
JW 

199 ; P 2 7 W  P27; 
209 ; Em x1sn; 
201 XISR: 5EL RBI SNAP, #LIHITtl 

P2.17FH 
I 
A.BC(XJM 
A.#7€h 
U M , A  
SEXIT 

; ELSE 
: m; 

C A U  INIT; 
; END; 

Figure 27. Hybrid Sampling Program 



TRANSMITTING SERIAL CODE 

Serial transmission is conceptually far simpler than 
serial reception since n o  synchronization is required. 
All that is required is to use the timer to generate 
interrupts at the bit rate and present the character 
to be transmitted serially at an 110 pin. A program 
which does this is shown in Figure 28. The trans- 
mission of serial data becomes much more compli- 
cated if it must occur simultaneously with reception. 

If  both reception and tra~ismission are to  occur 
simultaneously then obviously contention will 
exist for the use of the timer. It is possible to  allow 
the simultaneous reception and transmission of 
serial data using the timer as a general clock which 
conti-01s software maintained timers. The attainable 
baud rates using such techniques are, however, 
limited and the use of a 825 1 USART is probably 

U 
1 . .--.---.--...-.--...-.---.-.-..-. 
; YLIIIAL I W ~ N I I  w ~ i i t  n i s l a  

J ; ' lU  U S t  PUT A .HAh IN BUEF Nrri  
a : b t i  chilh4i TG n e i i : .  WIIW i n k  
5 ; lhWibEill?tli 15 W D Y  tUh WLYIHLH 
6 ; C ~ V L I I T ~ I L L C L ~ A R < M ~ A V _  THE 
7 ; TklVibMI5510h  15 E U b O L t  BUFFEWE.  
& - 
9 

-" i ------- 
I1 ; L u U A l t 3  
12 . ...-.. 
13 
I4 A T W  tCiU R7 : S'IOHRGt FOR A CljHING 1NI. 

211 S b I l  LDU 11111i$ ; MASK lc 3t.T 'la IN k24 
21 P tyO -41 : P t H l O C  OE 'lXC 
22 
23 . ...-.-.-.. 

24 ; CWWL PA%hl HERL Uti I I W R  O V L W U  
2 ,  . ----.----------.--. ..-..--..-...-..- 

26 OK;  UIH 
27 ; U ~ T E C  INIFRUPI ~ D E  
28 T3FLO: SLL RBI 
29 MOV ATEMa,A 
30 : SET TIMER FOR P 
11 MGY A.YP  

15 CALL B I T  
36 ; SEX TXD 10 I M Y  

indicated in all but the most cost sensitive applica- 
tions. An exception to this rule occurs when the 
system, although full duplex in nature, actually 
transmits the same data as it receives. An example 
of this is a microprocessor driving a terminal such 
as a Teletype. Although the circuit to the terminal 
is full duplex, the data that is transmitted is generally 
the same as that received. A minor modification to 
the program shown in Figure 26 would implement 
this mode of operation. The modification would be 
to  the XISR routine and it would add the code 
necessary to place the TxD 110 pin in the same 
state as the RxD line. Since any change in RxD 
results in a call to XISR, this modification would 
cause the retransmission of any received data. 
Whenever it becomes necessary to  transmit data 
which is not being received, the program of Figure 
28 could be used in a half duplex manner. 

42 Jht E X I T  
41 BIRXI: OHL P2,ISBIT 
Pa EXIT: rOV A , A T W  

4 5 r n h  
46 
47 . ............................... 
48 : 811 W U T I N b  
49 ; -PICKS 1 H t  NEXT 011 'IO T W S 5 1 1  
5 0  ; 

51 
52 811: WV A,CCCMT 
53 JZ IDLE 
54 50; A,P% 
55 hhC A 

56 UM. A,Y60H 
5 1 W V  -,A 
58 DUI C W K P  
59 TLT 

6 0  
61 IDLE: CLR C 
b2 P*V A.C.9WAV 
63 J N 2  WI'X4SIL 
64 CPL C 
65 Kt'l 
66 

Figure 28. Serial Transmission 



GENERATING PARITY 

Many communications schemes require the genera- 
tion and checking of parity. If a USART is used 
it can be programmed to  automatically generate 
and check parity. If the communications is handled 
by software within the ~ ~ s - 4 8 ~ ~  then the program 
must perform parity calculations. Calculating 
parity is easy if one remembers what parity really 
means. A character has even parity if the number 
of one bits in it is even. A character has odd parity 
if it has an odd number of ones. The program seg- 
ment shown in Figure 29 can be caused to  calculate 
parity. It  starts by setting a loop count to eight and 

CONCLUSION 

This Application Note has presented a very small 
sampling of the application techniques possible 
with the MCS-4gTM family. The application 01' this 
new single chip computer system to  tasks which 
have not yet yielded to the power of the micro- 
processor will present a fascinating challenge to  the 
system designer. 

3 ;  
4 : PARITY 
5 ; THIS PKGWW GChERA1E.S PARllT 

0 1 0 0  I8 PAR: 
0100 W 8  1 9  
0102 97 20 

2 1  
22  

0 1 8 3  77 23  XDP:  
(11114 1207 24 
0106 A7 2 5  
0107 E M 3  26 OVER: 

27 

"ffi l0BH 
MY c m , ~ a  ; SET LOOP cw 
Z U  C ; INlTlALIZE CARRY 

; WR FACH ZE16) BIT I h  A 
; C C t P L E l l t M  Iwt.  M Y  F W G  

aR A 
JB0 OVER 
CPL C 
DJNZ C ~ , r n P  

i UU) OF P m x w l  
UiL 

Figure 29. Parity Generation 

clearing the CARRY flag. After this initialization a 
loop is executed eight times. During each execution 
the accumulator is rotated and the least significant 
bit is tested. If the bit is a zero the CARRY flag is 
complemented, if the bit is a one no further action 
is taken. Since an even number of zeros implies an 
even number of ones for an eight bit character, 
after all eight loops have been accomplished the 
CARRY bit will be set if an odd number of ones 
were encountered; it will be reset if the number 
were even. Since the RR instruction does not 
involve CARRY the net result of  executing this 
program loop is to  set CARRY if parity is odd 
without effecting the character in the accumulator. 
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Sllic 223 
34528 Rungis Cedex 
Tel. (0 ' )  687 22 21 
TELEX 270475 

SCANOINAVIA ENGLAND 
l n l e  C3rporalion (U.K.) L l d '  
Eru2dle ld  Hausc 
4BelweenTownsRoad 
Cowley O ~ l o r d  OX4 3NB 
Tel. (0665) 77 14 31 
TELEX 837203 

G E A M N Y  
l n l e  Sem\colduc lar  GmbH' 
Sedlslrasse 77 
8000 Muenclen 2 
?el 1089) 55 81 41 
TELEX' 573 177 
ln le l  Semconduclar  GmbH 
Abraham L r c o l n  Slrasse 30 
0200 'Niesbndcn 1 
T e  (061211 74855 
TELEX 04186183 
ln ls l  Ser81~conduclar GmbH 
D-7000 Stutlqart 83 
Emsnaldenslrasse 17 
Tel (0711) 7351606 
TELEX 7255346 
I n l c  Semiconduclor GmoH 
Wlesenweq 26 
0 ~ 6 2 7 2  Niederhausen 
Tel 106127) 2314 

h i e l  Scandinavia A;S. 
Lyngbyvei 32 2nd i a o l  
DK-21CO Co~enhaqen  Easl ~. 

B 1160 B r u s ~ e s  
Tel (02) 660 30 10 
TELEX 24814 

Denmark 
Tel. (01) 18 20 00 
TELEX. 19567 
lnlel Sweden AR' 
302 20092 
5~16120 Bromma 
Sweden 
Tel. (081 98 53 90 
TELEX 12261 

lnlel Corpora l~on (U K 1 L:d 
46-50 Beam Slreel 
Nanlw c h  Cheshire CW5 5LJ 
Tel 102701 62 65 60 
TELEX 36620 

ORIENT MARKETING OFFICES 
JPIPAN 
lntel Japan Corporalion' 
Flower H l lSh lnmacn i  Easl Bldg 
1-23 0. Shlnmachi, Selagaya-kt, 
Tokyo 154 
T e  (03) 426-9261 
TELLX. 781~28426 

TAIWAN 
Taiwan Aulomalion Co ' 
6th F lcor  1 8 ~ 1 ,  Lane 14 
Chi-Lir Road 
Taipei 
T e :  102) 551726~9 
TFLEX'11942 TAIAUTO 

INTERNATIONAL DISTRIBUTORS 
ARGENTINA DENMARK 
S I  E S A  Scandnavian Sem~condur tor  
Av  Ple. Ruyus Saenr Pcnn 1142 '30 Supply A;S 
1035 Buenos Alres Nannasgade 18 
Tel 35~6784 DK-2200 Copenhagen N 

AUSTRALIA 
Tel (011 93 50 90 

A J Ferguson lAde8aide i  PTY L ld  
TELEX' 

44 P!orpec l  n d  FINLAND 
Prospect 5082 Oy Finironic AB 
Souln Aualra la 17035 
re1 269-1244 

Loennro l~nkafu 350 
SF 00180 

TELEX. 82635 H e l s r k l  18 

A. J Ferguson Elect roncs Tel. (901 664 451 
34 Herberl Street TELEX 12426 
West Ryde. N S  W. 2114 
Tel A c e  168-1244 

FRANCE 

TELEX 82635 
Tekr iec Ai r t ronc 
Cite ce s  Bruyeres 

Warburtan~Frankle 1Sydneyl Ply. L l d  Rue Carle Verne1 
1'3'3 Parramatla Road 92310 Sevres 
Auburn N S W  2114 ?el (1) 027 75 35 
Tel 648~1711 648-1381 TELEX: 250997 
TCLLX WARFRAN AA ?2265 

Warburlon~Frank8e lndusr tes 2E:TGe Enatachnik GmbH 
IMelbourne) Ply L:d 
220 Park Streel 

Schiers l rasse 14 

Soulh Melbourne, ,,cIor~a 3205 ~ ~ o ~ 4 7 0 " 6 ~ ~ ~ ~ ~ n ~ H a m b u r g  
AUSTRIA TELEX 02-13590 

Bacher Eleklronlsche Gerate GmbH ~ ~ ~ ~ ' $ ~ ~ e : ~ a ~ ~ ~ ' r j e g b s  GmbH Medl lnger  Hauptsrasse 78 
A 11K IV1en la  D-BOO0 M u ~ n r h e n  80 
Tel: 10222) a3 63 96 Tel. (089) 434061 
TELEX: 1011 7532 TELEX 522561 

Jcr~ l ly r l  GmbH 
BELGIUM Postlach 1146 
I n e c o  Belgium S A. 0 ~ 6 2 7 7  Kamberq 
Avenue Val Duchesse. 3 Tel (06434) GOO6 
8 ~ 1 1 6 0  Bru ise ls  TELEX 486426 
Tel 102) fi6O 00 12 
TELEX. 25441 

JAPAN (cont.) 
Ryoyo Elec:r~c Carp 
Konvla Bldg 
1-12-22 Tsuk~j i .  I ~ C h o m e  
C h u c ~ K u ,  Tokyo 104 
Tel (03) 543-7711 
Nlppon Mlcro Corllputer C o  Ltd 
M u I s u ~ ~  B l d g  4-5-21 K o ~ ~ m a c h l  
Chiyzda-ku Tokyo 107 
Tel (031 230~0041 

KOREA 
KOrarll O8y 1.1 
Sam Yung B l d g  -303 
7 1 ~ 2  Bukchang Oong Chung~Ku  
Seoul 100 

NETHERLANDS 

SPAIN 
Interlace 
Ronda San Pedro 22 
B ~ r c e l a n a  10 
Tel 301 7851 

SWEDEN 
N o r d l ~ k  t e c t r o n k  A @  
Fack 
S-I0380 Slockhom 7 
Tel (08) 248340 
TELEX 10547 
SWITZERLAND 
lnduslrade AG 

INDIA 
Elect roncs lnlernattonal 
128 Mahatma Gandhi Road 
Secunderabad 
Tel 53211 
TLLCX 043 222 

ISRAEL 

Gemsenstrasse 2 
Posl rherk  80 21190 
CH-8021 Zuirch 
Tel (01) 60 22 30 
TLLEX 56788 

Erst.onlcs L l d  ' 
11 Roranis Streel 
P O .  Box 39300 

I r l r l ~ u  Nederland 
AFD Elektronlc 
Joan Muyskenweg 22 
NL-1006 Amslerdom 
Tel: (0201 934824 
TELEX 14322 

UNITED KINGDOM 
Rapld Recall L l d  
11-15 Betlertorl Street 
D r ~ r y  Lane 

H C ~ H  g a s  
T e  1011 379-6741 
TELEX 28752 

Tel 475151 
TELEX 33638 

ITALY 
Eledra 3 5  S P A . '  
V~alp Elve2ia. 18 
20154 Milan, 
Tel. (021 3493041 
TEI F X  39332 

NORWAY 
Nordisk E e k l r o n k  (Norgel A/S 
Mustads Vcl 1 
N 0510 2 
Tel (02) 55 38 93 
TELEX 16963 

C E C Semconductor r  L l d  
Easl Lane 
Wernbley HA9 7PP 
M~ddlesex 
T e  (01) 904~9303 
TELEX 923429 

Eledra 3 5  S P A  ' 
V a  P a o o  Galdano 141 D 
10137 Torino 
TEL (011) 30 '37 097 - 3397 114 

PORTUGAL 
D,l.Om 
Cornponelles E Electronics LDA 
AV  Miauel Bombarda 133 Vestry Eslale 

Sevenoaks Ken1 
T e .  10732) 50114 
TELEX 95142 

Eledra 3 s  S PA: 
Via Giuseppe Va marana, 63 
00139 Rome, llal, 
Tel (061 81 27 290 - 81 27 324 
TELEX 65051 

Lisaoa 1 
Tel 119 45 313 

SOUTH AFRICA 
Eleclronlc Building Elemenls 
P 0 Box 4609 
Prelorla 
Te ' :  78 92 21 
TELEX 30181 

JAPAN 
Par: E lect ru~l  
No  1 Hgashikata-Machi 
M d o r l - K u  Yokohama 226 
l e l :  (0451 471~8811 

TELEX 781-4773 
*Field Applicalion Location 
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