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ANALOG-TO-DIGITAL ~ CONVERSION
TECHNIQUES WITH THE M6300
MICROPROCESSOR  SYSTEM

This application note describes several
analog-to-digital conversion systems imple-
mented with the M6800 microprocessor
and external linear and digital IC's.
Systems  consisting of an 8- and 10O-bit
successive  approximation approach, as
well as dual ramp techniques of 3Yz- and
4Yz-digit BCD and 12-bit binary, are
shown with flow diagrams, source pro-
grams and hardware schematics. System
tradeoffs ~ of the various schemes and
programs for binary-to-BCD and BCD-to-
1segment code are discussed.



Analog- To-Digital
Conversion Techniques
with the M6800

Microprocessor System

INTRODUCTION

The MPU (microprocessing unit) is rapidly  replacing
both  digital and analog circuitry in the industrial control
environment. It provides a convenient and  efficient
method of handling data; controlling valves, motors and
relays; and in general,  supervising a complete processing
machine. However, much of the information required by
the MPU for the various computatioos necessary  in the
processing  system may be available as analog input signals
|Ostead  of digitally  formatted data. These analog signals
may be from a pressure transducer, thermistor or other
type of sensor. Therefore, for analog data an A/D (analog-
to-digital)  converter  must be added to the MPU system

Although there are various methods of A/D converSIOn,
each system can wusually be divided into two sectlOns an
analog  subsystem containing the various analog functions
for the A/D and a digital subsystem  contalOing  the digital
functions. To add an A/D to the MPIl. both of the sec-
tions may be added externally to the microprocessor In
the form of a PC card, hybrid module or monollthic chip.
However, only the analog subsystem of the A/D need be
added to the microprocessor, since by adding a few
instructions to the software, the MPU can perform the
function of the digital section of the A/D converter in
addition to its other tasks. Therefore, a system  design
that already contains an MPU and requires analog infor
mation needs only one or two additional inexpensive
analog  components to provide the A/D. The micropro-
cessor  software can control  the analog section of the A/D,
detennine the digital value of the analog input from the
analog section, and perform  various calculations with  the
resulting data. In addition, the MPU can control  several
analog A/D  sections in a timeshare mode,  thus  multi-
plexing the analog information at a digital level.

Using the MPU to perform  the tasks of the digital sec-
tion provides a lower cost approach to the A/D function
than adding a complete A/D external to the MPU. The
information presented in this note describes this  tech-
nique as applied to both successive  approximation (SA)
A/D and dual ramp A/D. With the addition of a DAC

(digital-to-analog converter), a couple of operational
amplifiers, and the appropriate MPU  software, an 8- or
10-bit  successive approximation A/D is available. Ex-

pansion  to greater accuracies is possible by modifying  the

O/ A converter.  The
approxImation A/D  provide.

software  and adding the appropriate
technique of  successlve
medium speed  with  accuracles compatible with  many
systems. The second  techmque adds an MC 1405 dual
ramp analog subsystem  to the MPU system and, if desired,
a digital display to produce a 12-15 bit binary or a 3~ or
4~-dlgdt BCD A/D converslOn with  7-segment display
readout.  This A/D technique has a relatively slow conver-
Slon rate but produces a converter  of very high accuracy.
In addltion to the longer conversion time, the MPU must
be totally devoted to the A/D functiOn during the conver-
sion period.  However, If maximum speed is not required
this technique of A/D allows an IOexpensive and practical
method  of handling analog information.

Figure | shows the relative merits of each A/D conver-
slOn  technique. Listed in this table are conversion time,
accuracy  and whether interrupts to the MPU are allowed
during the conversion  cycle.

This note describes each method llsted m Figure | and
provides the MPU software and external system  hard-

of the basic
In addition, the

ware  schematics along with an explanation
A/D  techmque and system  peculiarities.
MPU Interface  connectlOns  for the external ~A/D hardware
schemes are shown. These schemes are a complete 8-bit
successive  apprOXimatlOn and a 3~.dlgit dual ramp A/D
system, both  of which externally perform the conver-
Slon and transfer  the dlgital data into the MPU system
through  a PIA.

For addItlOnal Information on the MC6800 MPU sys-
tern  or A/D  systems, the  appropriate data sheets or
other available llterature  should be consulted.

MPU

The Motorola microprocessor system  devices used are
the MC6800 MPU, MCM681 0 RAM, MCM6830 ROM and
MC6820  PIA (peripheral Interface  adapter).  The followmg
IS a brief descriptlOn of the baSIC MPU system as It per
tains to the A/D systems  presented later In this appli-
catlOn  note.

The Motorola MPU system uses a 16-bit address bus
and an 8-bit data bus. The 16-bit address bus provides
65,536 possible  memory  locatlOns ~ which may be either
storage  devices (RAM, ROM, etc.) or interface deVlices
(PIA, etc). The baSIC MPU contains two 8-bit accumu-
lators, one 16-bit index register, a 16-blt program  counter,
a 16-bit stack pointer, and an 8-bit conditlOn  code regis-

ter. The condition code register indlcates carry,  half
carry, interrupt, zero, minus, and 2's complement over-
flow. Figure 2 shows a functional block of  the
MC6800 MPU.

The MPC uses 72 instructions with  SIX addressing
modes  which  provide 197  different operations in the

MPU. A summary of each instruction and function  with
the appropriate addressing mode is shown in Appendix A

of this note.



Successive Approximation DUIl Ramp
8-Bit 10-Bi' S.Bit 12-Bi' 3~-Digit 4~-oiti’ 3~-oiti'
Charact.ristic Softwar. Softwar. Hardwar. Software Software Softwar. Hardwar.
MCI405
8-Bit DAC 10-Bi. DAC 8-B,. DAC MC14435
External Hardware Dp Amp OpAmp SAR" MC1405 MC1405 MC1405 MC14558
Comparator | Comparator DpAmp (for 7-segmen
Comparator displavl
1831"
Conversion Rate 700 1" , 25 ms 60 ~s 165 ms 60ms 600m. (min) for
Constant Constant for MPU, (max) (max) (max) MPU. plus
plus AID Variable Variable Vanable AID
Conversion Conversion
Time Time
Interrupt Capability Allowed Allowed Allowed Not Not Not Allowed
Allowed Allowed Allowed
Number of Memory Locations Required 106 145 42 84 296 328 58
(Including PIA Configuration)
Serial Output Available Yes Ve. Ve. No No No No

The RAMs used in the system are static and contain
128 8-bit words for scratch pad memory while the ROM is
mask programmable and contains 1024 8-bit words_ The
ROM and RAM, along with the remainder of the MPU
system components, operate from a single +S volt power
supply; the address bus, data bus and P[As are TTL
compatible.

The MPU system
with a lower frequency

requires a 2¢ non-overlapping clock
limit of 100 kHz and an upper

limit of | MHz.
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The PIA is the interface device used between the ad-
dress and data buses and the analog sections of the A/D.
Each PIA contains two essentially identical 8-bit inter-
face ports. These ports (A side, B side) each contain three

internal  registers that include the data register which is
the interface from the data bus to the AID, the data
direction  register which programs each of the -eight

lines of the data register as either an input or an output,
and the control register which, in addition to other func-
tions, switches the data bus between the data register and
the data direction register. Each port to the PIA contains
two addition pins, CAl and CA2, for interrupt capa-
bility and extra [/O lines. The functions of these lines are
programmable  with the remaining bits in the control

register.  Figure 3 shows a functional block of the
MC6820 PIA.
Each PIA requires four address locations in memory.

Two addresses access either of the two (A or B sides)
data/data  direction  registers while the remaining two
addresses  access either of the two control registers
These addresses are decoded by the chip select and regis-
ter select lines of the PIA which are connected to the
MPU address bus. Selection between the data register and
data direction register is made by programming a "I" or
"0" in the third least significant bit of each control regis-
ter . A logic "a" accesses the data direction register while

a logic" 1" accesses the data register.
By programming "O"s in the data direction register
each corresponding  line performs as an input, while

"I's in the data direction register make corresponding
lines act as outputs. The eight lines may be intermixed
between inputs and outputs by programming different
combinations of "I"s and "O"s into the data direction
register. At the beginning of the program the [/O configu-
ration is programmed into the data direction register, after
which the control register is programmed to select the
data register for [/O operation.
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The printouts shown for each A/D program are the
source instructions ~ for the cross assembler from the
Motorola  timeshare. ~ Since the MPU contains a 16-bit
address bus and an 8-bit data bus, the hexadecimal num-
ber system provides a convenient representation of these
numbers. Although the assembler output is in hexadeci-
mal, the source input may be either binary, octal, decimal
or hexadecimal. A dollar sign ($) preceding a number in
the source instructions indicates hexadecimal, a percent
sign (%) indicates binary and an at sign (C0Y) indicates octal.
No prefix indicates the decimal number system.

Only the beginning addresses of the program and labels
are shown in the source programs. These beginning ad-
dresses may be changed prior to assembling the total
system program or the programs may be relocated after
assembly with little or no modification.

SUCCESSIVE  APPROXIMA nON TECHNIQUES
General

One of the more popular methods of AID conversion is
that of successive approximation.  This technique uses a
DAC tdigital-to-analog  converter) in a feedback loop to
generate a known analog signal to which the unknown
analog input is compared. In addition to medium speed
conversion rates, it has the advantages of providing not
only a parallel digital output after the conversion is com-
pleted but also the serial output during the conversion.

Figure 4 shows the block diagram and waveform of the
SA-A/D. The DAC inputs are controlled by the successive
approximation  register (SAR) which is, as presented here,
the microprocessor. The DAC output is compared to the
analog input (Vin) by the analog comparator and its
output controls the SAR. At the start of a conversion

the MSB of the DAC is turned on by the SAR, producing
an output from the DAC equal to half of the full scale
value. This output is compared to the analog input and if
the DAC output is greater than the input unknown, the
SAR turns the MSB off. However, if the DAC output is
less than the input unknown, the MSB remains on. Fol-
lowing the trial of the MSB the nexl most significant bit
is turned on and again the comparison is made between
the DAC output and the input unknown. The same cri-
teria exists as before and this bit is either left on or
turned off. This procedure of testing each bit continues
for the total number of DAC inputs (bits) in the system.

After the comparison of each bit the digital output is
available immediately ~ thus providing both the serial
output as well as the parallel output at the end of the
conversion. The serial output provides the MSB first,
followed by the remaining bits in order. The total con-
version time for the SA-A/D is the time required to turn
on a bit, compare the DAC output with the input un-
known and, if required, turn the bit off, multiplied by
the total number of bits in the A/D system. The conver-
sion time is hence constant and unaffected by the analog
input value.

One SA-A/D shown in this note uses an 8-bit DAC
(MCI408) to produce an 8-bit A/D; asecond version uses
a 10-bit DAC (MC3410)* to produce a 10-bit AID.
Both of these are used in conjunction with the MPU as
an SAR. In addition, the MC1408 is shown with the
MC 14549 CMOS SAR as a convert-on-command  system
under control of the MPU. All of these A/Ds produce a
binary outpu!. However, by adding the appropriate soft-
ware a BCD output or 7-segment-display outputs are
available. Also by using a BCD-weighted DAC, the BCD
output can be produced directly.
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The flow chart for the 8-bit MPU A/D system is shown
in Figure 5; Figures 6 and 7 show the software and the
hardware  external to the microprocessor. The DAC
used is the MC 1408L-8 which has active high inputs and a
current  sink output.  An uncompensated MLMB30IA
operational  amplifier is used as a comparator while an
externally  compensated MLM30IA or internally com-
pensated MC 1741 operational amplifier is used as a buffer
amplifier for the input voltage. The output voltage com-
pliance of the DAC is 0.5 volt; if the current required by
the D/A does not match that produced from the output
of the buffer amplifier through Rl and R2, then the DAC
output will saturate at 0.5 volt above or below ground,
thus toggling the comparator. The system is calibrated by
adjusting RI for | volt full scale, and zero calibration is
set by adjusting R3.

FIGURE 5 - 8-Bit Successive Approxi eeestion
AID FI_ Diagrom

The first MPU instruction for the 8-bit A/D is in line
45 of Figure 6. After assembly, this instruction will be
placed in memory location SOAOO as defined in the
assembler directive of line 42. The assembled code for
this program is relocatable in memory as long as the PIA
addresses and storage addresses are unchanged. The
program as shown requires 106 memory bytes. Source
program lines 45 through 53 configure the PIAs for the
proper input/output  configuration. PIA IBD is used for
various control  functions  between the MPU system
and the external hardware. The exact configuration of this
PIA is shown in lines 28 through 33 of Figure 6. PIAIAD
provides the 8-bit output needed for the DAC. Lines 51
through 53 set bit 3 of the PIA control register to access
the data register for the actual AID program.
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1.000 NA~1DL.1A12

2.000 OPT ~1Et1l

3.000 -

4_.000 eeccccccccccccccccccccccccccccccccccccccccccccccccccccccccccs

5.000 - -
6.000 - 8 BIT SUCCESSIVE APPpo~IMATIDN ~"D -
7. -

8_888 eccce ococcccccccccccccccccccccccccccccccccoccccccoccccccoccoe

9.000 -

10.000 -

11 .000 opG O

12.000 ANS PMB 1
13.000 PoINTp RMB

14.000

15.000 -

16.000 -

17.000 opG 14004

18.000 PIA1AD RMB A SIDE,
17000 PIA1AC PMB

20.000 PIA1BD pMB
21.000 PIA1BC RMB

E SIDE,

22.000 -
2:2:.000-
24.000 -
25.000 -
26.000 e
27.000 -

28_000 ®eoccccccccccccccce

FINAL ANSWEP MEMORY LOCATION
TEMP MEMORY LOCATION

DATA PEG ISTE":;"
A SIDE, COtHRIJL PEI;1:S:TEP
DATA PEG ISTE":;*
E:SIDE, CotH"":0LPEG I:STEF.:

PIA1AD USED FOP DIGIT8L OUTPUT TO D~C
PIAL1ED USED FOR A/D CONTROL

PIAIED PIN CONNECTIONS eeececccccccccccces

29.000 ecccccccccccccccccccccccccccccccccccccccccc00000000OOOOOOS

30.000 = Pt7 = PBfT. PES. PB4.

31.000

PE3. PE2.

pBI « PEO.

32.000 « CoMP = NC = SC = CF

SO e NC < CYCLE = ~C =~

33.000 eeccccccccccccccccccccccccccccccccccccccccccc000000000OOOOS

34.000 -
35.000 -



-36.000 <

37.000 < COMP-COMPAPATOP,SC-SIMULATED CLOCK,SO-SERIAL
38.000 < CF-CONVERSION FINISHED, NC-NO CONNECTION
30" .000~

40.000 -

41.000 -

42.000 ORG 10A00

43.000 -

44. (‘00 -

45.000 CLP PIA1AC

46.000 CLP PIA1BC

47.000 LDA A :i7C

4::::.000.S:TA Plo"IIBD

4"0".000 LDA A :-1OFF

50.000 :";TAA PIA1AD

51.000 LITIAA :;$04

52.000 STA A PIA1AC

53.000 "I, T PIAIBC

54.000 -

55.000 RSTART LDA A =$%$10

56.000 STA A PIA1BD

57.000
58.000
573.000
60.000
61.1)00
':.2.000
63.000 CYCLE LDA A PIA1BD
64.000 AND A =102

65.000 BEQ CYCLE

;- .6.000-

67.000 -

68.000 CLP PIA1AD

69.000 CLR POINTP

70.000
71.000
72.000
73.000 CLP PIAU::1i
74.000 -SEC

75.000 e

7;2.000 e

77.000 e

7:::.000 e

77 :;0.00@0NVPT POR POINTP
:30.000 BC S;P-S-TART
:1:.000 LDA A PIA1AD
::::2_.000FiDD A PO ItiH
83.000 .S:TA PIA1AD
:34.000 -

:2:5.000 -

155,.000 e

° 00 0 0 °

@ ¢ 0

i 0415 3T =

89.000 I-mp

3"0.000 NOP

"3"1.000 LDA

92.000 BII1

"33.000 -

94.000 -

95.000 LLA ~ PIA1AD
96.000 SUB A POINTR

OUTPUT
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101.000
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108.000
109.000
110.000
111.000
112.000
113.000
114.000
115.000
116.000
117.000
118.000
119.000
120.000
121.000
122. 000

YES LDA A PIA1AD

END STA A PIA1AD

LDA 1:::%$20
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1G-Bit SA Program

Figures 8 and 9 show the MPU software and external
hardware for a 10-bit successive approximation AID using
the MC3410 DAC. The operation of this AID is very
similar to that of the 8-bit AID. Both the A and B halves
of a PIA are required for the DAC output while the con-
trol lines (comparator, conversion finished, etc.) are also
identical to that of the 8-bit AID previously discussed.
The pointer for indicating which bit is currently under
test is contained in two memory locations, PONTRI and

PONTR2. The pointer is initialized in lines 63 and 64 and
as before, it is continuously shifted to the left as each hit
is tested. Lines 72 through 77 and lines 89 through 101
operate on both halves of the PIA, "setting" and "re-
setting” the DAC bits under test. The final answer is
stored in the two PIA memory locations as well as two
internal memory locations (ANS [ and ANS2).

By using the appropriate  DAC and changing line 63 of
the software program, the 10-bit SA DIA can be modi-
fied for 9-[6 bit AID operation.

1.000 NAM DWA40

2.000 OPT MEM
3.C00 =

4.000 ©0000000000000000000000000000000000000000000000000000000000

5.000 - -
6.000 - 10 BIT SUCCESSIVE APPROXIMATION A/D -
7.000 - -
8.000 ©0000000000000000000000000000000000000000000000000000000000

0.000 -

10.000 -

11 .000 OF.:®

12.000 ANSI RMB 1 FINAL ANSWER LOCATION (MSB)

13.00n ANS2 RMB 1 FINAL ANSWER LOCATION (LSB:.*"

14.000 PONTRI RMB POINTER FOR BIT UNDER TEST

15.000 PONTR2 RMB POINTER FOR BIT UNDER TEST

16.000 -

17.000 -

18.000 ORG 14006

19.000 PIAIBD RMB B ::;IDE,DATA ~"EA~TER

20.000 PIAIE:C R~B B ~IDE, CDt-nROL ~"EA"S:TER

21.000 PIA2AD RMB A:; 1DE, DATA REG I3TEr;*

21.500 PIA2AC RME: H :IDE, cmnr;:0L F."HIZSTER

22.000 PIA2BD PME: E. ~IDE, DATA REG I:STER

23.000 PIA2BC RMB E. ~IDE, cmnr;"0OL REG I:;TEP

24.000 -

250(1) - PIAIAD USED FOR DIGITAL OUTPUT TO DAC

2~ uon PIAI1D USED POP A/D CONTROL

27.000 -

2:3(100  +

29.000 .

30_000 ®eoccccccccccccccce PIAIBD DIN CONNECTIONS ecccccccccccccccce
31.000 ©000000000000000000000000000000000000000000000000000000000°

32.000 = PB7 - PB6. PBS. PB4. PB3.. PB2. PBI. PEO.
33.000 ©000eeecerrcrrrrr000000000000000000000000000000000000000000

34.000 = CO~1P = N.::= *::Ce CF = S:Cle t'1C= C*,":iLE ;"1C~ EJ
35.000 ©000000000000000000000000000000000000000000000000000000000

36.000 - -

37.000 -

38.000 -

39.000 = COMP-COMPARATOR,SC-SIMULATED CLOCK,~O-SERIAL ~ OUTPUT
40.000 = CF-CONVERSION  FINISHED, NC-NO CONNECTION

41.000 -

42.0(1) -

4:3.000 -

44.000 -

45.000 -

46.000 DRG $0A00 BEGINNING OF PROGRAM

47.000 - .P IA AS-SEMEL",".

48.000 CIR PIAIBC

49.000 elF.PIA2AC



50.000 CIR PIA2BC

51.000 IDA A :$7C
52.000 STA A PIAIBD
5:3.000 IDA A :$OFF
54.000 5 TA A PIA2AD
55.000 STA A PIR2BD
56.000 IDA A ::$04
57.000 STA A PIAIBe
58.000 STA A PIA2AC
5"3.000 STA A PIR2tC
60.000 e

61.000 RESTART IDA A
62.000 :TA A PIALE:D
6-3.000 CLF.:POtiTR1
64.000 CIR POtHf"2
65.000 e

66.000 -

67.000 -

6:::.000 <

;3000

70.000 -

71.000 CYCLE LDA A
72.000 AND A n~02
73.000 BEQ CYCLE
74.000 -

75.000 CIF: PIA2AD
7.0,.000 CIP PIA21::D
77.000 -

7:3.000 +

7':;'.000 -

:2:0.000 CIf" PIAIBD
:2:1.000 LDA A :"1:04

2,000 :TA A POtH";"1
:3.3.000 e

:::4.000 =

;1:5.000 -

:::.0,.000

7. 000 CoNVPT  RoR poNTR1

11::::.000P0" " POtH":2

'::9.000 BCS PE:::TART

'30._000 LDA A PIA2AD

:;1,000 ADD A POtiTP1

92.000 “:TA A PIA2AD :ET NEW DIGITAL DUTPUT
'2:3.000 IDA A PIA::::E:D PEC*1LI PREVIOUS  DIGITAL
94.1)00 ADD A ~"OtiTF."2

'3:,,000  :::TAs PI"12BD

100, (100 tiop

101.0(11) rmp

102.000 t-mp

103.000 IDA A PIAI EN
104 «an0 EMI YE:

105.000 -
106.000 -
107.000 -

103.000 ID"1 A PIA:::AD
109.0(*0  .sul: A PDt-iT!;"1
110.000 STA A PIA2AD
111.000 T'1A AtEl
112.000 LItA A FTIA2tD

oUFPUT(2

MSB)



113.000
114.000
115.000
116.000
117.000
118.000
119.000
120.000
121.000
122.000
123.000
124000
125.000
126.000
127.000
128.000
129.000
130.000
131.000
132.000
133.000
134.000
135.000
136.000
137.000
138.000

SUB A PONTR2
STA A PI1A2BD
STA A ANS2
LDA B :'1:20
:TA E PIA1BD
CLR E

STA B PIAIE:D
E:RA ENI'

[ ]

[ ]

° .HIGH COMPARATOR
“'ES LIIA A :$05 TIME EQUALIZATION
ILELAV [IEC A
ENE I11ELAY
LDA E: ::$2:3
's:TA E: PIA1BD
LIIA B ::'f,08
STA E PIA1B[
nop

NOP

[ ]

END EI'A CDtiVRT
[ ]

[ )

[ ]

t"'mi

2 vret
V,, (Full Scale)" - (Rl « R2l
Rre:

Al
5V--15V
10 k

Offset  Ad,ustment

-5 Vv

pel PA7.. = PAO 1 pBI PBS PBJ PB7

LOOP.

C o ®© © 20 2



The third successive approximation program, shown in
Figures 10 and I, uses an MCI408 DAC with the
MCI4549 CMOS SAR for a convert-on-command AID
system. This system is controlled by the MPU through the
CA and CA2 PIA pins to start a conversion and store the
results of this conversion in memory when the conversion
is finished. The 8-bit data word from the AID is brought
in to the MPU system through PIATAD. The advantages
of tltis AID system are that a minimum number of soft-
ware instructions are required, a higher speed conversion
is pOSSible,and the MPU may be performing other tasks
during the conversion. The disadvantage is a higher parts
count and increased cost.

The program for this AID, shown in Figure I, is

written as a subroutine of a larger program. This larger
program is simulated with the instructions of lines 28

through 31. The subroutine starts in line 34, unmasking
the interrupt input on CAIl and setting CA2 high. (For
additional information on use of the CAl and CAZ2lines,
see the MC6820 data sheet.) CAZ2 initiates the conversion.
Line 35 is a dummy read statement necessary to clear the
data register of the interrupt bit associated with the CAI
input line. Then a wait for interrupt instruction stores the
stack in anticipation of the AID conversion being com-
pleted. When the conversion is finished the CA1 line is
toggled by the EOC output of the MCI4549 and the
program goes to line 43 where CA | is masked and CA2 is
set low, thus stopping any further conversion sequences
by the AID. The digital results are loaded into the A accu-
mulator through PIA-A and stored in memory location
TEMP. Then the MPU returns from the interrupt and
finally returns from the subroutine.

The entire sequence requires 60 ns plus the conversion
time of the AID.

|. .
v .
PA7 = e 0 @' 02 03 & a. oG 07
cA2 sc a
M;;an\’/: Mc14sag
cx Foc sout D
1e ~1T 0 Id Az
2. OPT T
3. -
4. ccccccccccccccccccccccccccccccccccccccccccccccccccccccccssscce
5. - 8 BlIr BI-RPY ;~CCE;SIVE -
e . AF'P~'m< IMAT | Ot"1 HAJ;'lilIA;'E .
7.0 eccccccccccccccccccccccccccccccccccccccs ~eccccccccccccccccccce
s .

'~.0 OP;~ :1.0100



10.000 TEMP f":MB1
11.000 e

12.000 e

1:3.000 DRG :1,4004
14.000 PIALIAIl RME:
15.000 PIA1AC RME:
16.000 e

17.000 e

18.000 e

1°3.000 e

20.000 D~:G $0300
21.000 CIR PIA1AC
22.000 CIF: PIA1AD
23.000 liiA A :1;3C
24.000 STA A PIA1AC
25.000 liiS ::'1;(1020
2°:7.000 @

27.000 )

28.000 t-DP

2"3.000 JSP CmWPT
30.000 END ~Mmp
31.000 EERA NIM
32.000 e

33.000 e

34.000 CDN-.PT LIIAH :L;:F
35.000 IDA E: PIA1ALI
';:'1,.000 STA A PIALIAC

37.000  uAl
3:::.000 ins:
37"".000 =
40.000
41.000 -
42.000 -

43. 000 Ir~TRPT LIIAA :-:-"1;;:":,
44 000 S:TA A PIAIAC

45_.000 LITA A PIA1AII
46.000:TI1 A TEMP

47 .0U0 THI

4:::.000 =
49.000 -
50.000 -

51. (@)o plDrl

General

Another commonly used method for A/D conversion is
the dual ramp or dual slope technique. This approach has
a longer conversion time than that of the successive ap-
proximation method. The conversion time period is also
variable and input voltage dependent.  However, this
method yields an AID converter of high accuracy and
low cost.

As the name implies the dual ramp method consists of
two ramp periods for each conversion cycle. Figure 12
shows the basic waveforms for the dual ramp A/D. The

CONVERSION

INTERRUPT
CA1 MASKED-CA2 LOw

DF1TA PEG 1::TER
CDtITR-DI PEG I STER

SUBROUTINE
JtIMASKED,POS  EDGE--CA2  HIGrI

PPOGRAM

ratio in time of the ramp lengths provides a value repre-
senting the difference between a reference and an un-
known voltage. During time period I, the input un-
known is integrated for a fixed time period (flXed number
of clock cycles). The integrator voltage increases from the
reference level to a voltage which is proportional to the
input voltage. At the end of this time period a reference
voltage is applied to the input of the integrator causing
the integrator output voltage to decrease until the refer:
ence level is again reached. The number of clock cycles
that are required to bring the integrator output voltage
back to the reference level is proportional to the input
unknown voltage.



The dual ramp converters discussed here use the
MC 1405 analog subsystem in conjunction  with the
M6800 MPU system. The MCI405 provides the integra-
tor, comparator and reference voltage required for the
analog functions of the dual ramp A/D. The analog device
also adds an offset current to the integrator input during
the ramp up time period to stabilize small voltage read-
ings. The digital section of the A/D must subtract an equiv-
alent number of counts to produce a zero reading display
output for a zero input. The interface between the analog
and digital subsystems consists of two control lines.
These are the comparator output from the analog part,
which indicates whether the ramp is above or below the
reference level, and a ramp control output from the
digital part to switch the integrator input between the
input unknown voltage and the reference voltage. The
control of these lines, offset subtraction, and calcu-
lations with the resulting data must be handled by the
digital subsystem, which in this case is the MPU.

For additional information on the dual ramp technique
for A/D, consult the data sheet for the MC 1405.

12-Bit Dual Ramp Program

This version of the dual ramp A/D generates a I2-bit
binary output from a 1 volt full scale analog input. Fig-
ures 13, 14 and 15 show the flow chart, MPU software
and external hardware. The interface of the PIAs used for
this A/D is shown both on the schematic and in lines 16
through 22 of the source program. Lines 25 and 26 indi-
cate the two memory locations where the final 12-bit
binary result is stored. These locations are $0000 and
$0001. The four most significant bits are in location
$0000 while the remaining eight bits are in $0001.

Referring to the software of Figure 14, the first in-
structions  (lines 37 through 42) initialize the PIA for its
input/output configuration. Source program  lines 46
through 49 set the ramp control line of the MC 1405
and check the comparator output from the MCI405 to
insure that the integrator output is below the reference
level at the start of a conversion. Next the “conversion
finished" flag is set indicating a conversion ready status.
Then the MPU enters a loop (lines 55 through 57) waiting
for a cycle input (PBI) from the PIA. When this condi-
tion occurs the conversion finished flag is reset while the

ramp control line (PB2) goes low, thus starting a con-
version cycle. In addition, the index register has been
loaded with $2000 which will be decremented to provide
the ramp up timing period. When the ramp crosses the
threshold level the comparator (PB7) change from low to
high causes the MPU to enter the timing cycle of lines
67 through 69. The index register is continuously decre-
mented until reaching zero, at which point the ramp con-
trolline  (PB2) to the MC 1405 is set high (line 74) and the
index register is incremented (line 75). This loop contin-
ues until the integrator output again reaches the threshold
level. Line 76 of the ramp down cycle is a dummy state-
ment included to equalize the timing between the ramp
up and ramp down time periods. The proper timing ratio
(2:1 in this example) must be maintained for correct
A/D operation.

After the termination of the ramp down time period
the content of the index register is stored in memory
locations  $0000 and $0001 (line 82). Next the offset
counts are subtracted (51210) from this result by sub-
tracting $01 from memory location $0000. The result is



then stored back into the same memory location. Lines 86
and 87 check the contents of memory location TEST for
a number greater than 409510. If this condition occurs,
the overrange, conversion finished, and ramp control
bits are set high. Otherwise the MPU branches back to line
50 where only the conversion finished and ramp control
bits are set high. The program then checks the status of
the cycle input waiting for the next conversion.

When assembled, the first instruction will be located
at SOAOO with 8410 memory locations required. The
full scale conversion time is 165 ms assuming a | MHz
clock in the MPU system.

1.000 NR!'L  DI)IAIO
2.000 OPT ti1EM

3.000
4.000
5.000
6.000
7.000

As with all MC1405 designs, the integration capacitor
must be large enough to insure that the integrator does
not saturate during the ramp up time period. The value of
this capacitor depends upon the power supply voltage
applied to the MC1405 and the ramp up time period.
The MC 1405 data sheet contains the equations for calcu-
lation of this capacitor. The MC 1405 is capable of oper-
ating on a single +5 volt power supply; however, a +15
volt supply voltage is recommended to decrease the inte-
grator capacitor size. When using 15 volts the comparator
output must be clamped at 5 volts to prevent damaging
the PIA inputs.

8 N 000 P P P PP PP PP PP PP PP PP PP PP PP PP PP PP P PP PPPOPPOPOPOPOPOPOPOOPOOOOOOOOOOS

9.000
10.000

11.000
12.000

12 BIT BINARY DUAL RAMP R/D USINS THE MC1405
WITH TH~ MC6800 SERIES MPU SYSTEM

13 . 000 P P P PP PP PP PP PP PP PP PP PP PP P PP PP PP PP PPPOPOPOPOPOPOPOPOOOPOOOOOOOOOOS

14..000
15.000
16.000
17.000
1:3.000 =
19.("00 =
20.000 =
21.000
22.000
23.000
24.000
25. (100 OF<~G'1:0
26.000 TEST RMB 2
27.000 =

28.000 ~~G 14004
29.000 PIAIAD RMB
30.000 PIAIAC RMB
31.000 PIALED RMB
32.000 PIAIEC RMB
33.000 =

34.000 D~G $0~00
"3*5_000

36.000 =

37.000 CLR PIAIAC
3,=".000 eLF. PIAIBC
3°"*_.000 LDA A ~1;71:

C/CLE

OV~RRANGE
CONVERSION
COMPARATOR  (INPUT) =

4,).000
41.000
42 .000

STA A PIAILTD
o-lli=st A ::'f:04
2T R PIAI f:C

SET PIA TO

RAMP CONT~OL (OUTPUT) PB2
(I riFUT) PBI
"OUTP~T) PE:~:

~INISHED (OUTPUT)~B4

B SIDE,DATA REGISTER
B SIDE,CONTROL REGISTE?

~AV~ 3 INFUTS ~ND 5 OUTP~TS

SET BIT 3 OF PIA CDNT~OL REGISTER



4:::.000.

44.000 -

45.000 -

46.000 LDA A ::704

47.000 STA g PIA1BD RAMP  CONTROL  HIGH

4:3.000 START LDA A PIA1BD COMPARATOR TEST - [INSOF."ES RAMP IS LOW
47:71.000 BMI START TO START  CONVERSION

50.000 P:TAF.""IIDA 11 :::1;14
51. (o ::Th A PIAIE:D

':.2.000 e
53.000 e
54.000 e

'55.000 CYCLE LDA A PIA1~D
56.000 miD A ::'102
57.000 BEO ,:YCLE
5:::.000 LIJ>"::"1¢g®0

57:".000 =
60.000 eLF."PIA1ED ~ESET  OVERRANGE AND  CONVERSION FINISHED
.0,1.000 « At-iD:ET PC i..~1J

62.000 COMP LDA A PIA1BD
63.000 BPL COMP

64.000 e

65.000

66.000 e

67.000 ":AMP,jp LDA 11 ::71.04
6:3.000 DE:""";

6":".000 BNE RAMP UP

70.000 e

71.000 e

72.000 .

73.000

74.000 RAMPDN STA B PIA1BD
75.000 It—>":

77:,.000 CP>":::0000 DuMMY  STATEMENT FO~ TIME DELAY
77.000 LIIA A F"IAIE:D - 2:0t" IPARATORHST

7:::000 E:t"lkhA-IP[it—

77=".000

:2:0.000 «

:31.000 -

1::2.000 ST TEST

2:2:2::.000LDA A TeT

84.000 N A :'1:02

22", 000:TA A TE:T

11:6.000 sus A 1110

11:7.000 Bes F:STAF'T

1::::2:2.000 it A :LIC :ET ~ONVERSION FINIS~ED,~~ERRANGE
11:-=".000 TF! PIAIE:D AND :~T RAMP CONTROL  HIGH
"="0.000 pa C.<CLE

":"11.000 Dti



3Yz-Digit Dual Ramp Program

The flow chart, source program and hardware for a
3~-digit system are shown in Figures 16, 17, and 18
respectively. Referring to Figure 17, the basic conversion
routine of lines 96 through 135 in this program is similar
to that of the previously discussed 12-bit binary system.
The initialization  of the index register in line 108 has been
changed to increase the ramp up time period. The basic
conversion results in a binary number as did the 12-bit
version previously discussed. This binary result is con-
verted by the software routine in lines 144 through 180
to produce 3~-digit BCD output. This routine converts
up to a 16-bit binary number to the equivalent BCD value.
Also the BCD result is converted to a 7-segment display
code for use in a LED or LCD readout system. Another
feature of the 3~-digit A/D program shown here is a
polari'ty detection scheme. This allows the A/D to handle
both positive and negative input voltages.

The external hardware for the 3~-digit A/D requires
two full PIAs; one of the four ports is used for interface
to the MC1405, cycle input, overrange flag, etc. An I/O
configuration ~ similar to that of the 12-bit binary A/D is
used. The remaining three ports of the PIAs are used for
the 3~-digit display, as shown in Figure 18b.

The conversion initially produces a binary result
which is stored in memory locations MSB and MSB+1.
This result has 10010 offset counts subtracted, and then a
polarity check is made. If the polarity that is currently
being applied to the input of the MCI405 is positive, the

binary number is converted to a BCD number. The tech-
nique used for binary-to-BCD conversion is described in
Appendix B. The BCD results are stored in memory
locations UNTIEN and HNDTHD. Each of these memory
locations contains two BCD words. Following the conver-
sion, an overrange test is made in lines 183 through 186
which checks for a maximum of a BCD "I" in the upper
four bits of memory location HNDTHD. If an overrange
condition  occurs, the program branches to lines 227
through 234 where a 199910 is placed in the display and
the overrange flag in PIA IBD is "set".

After the overrange test the BCD code is converted to
a 7-segment code and stored in the memory location for
each PIA port. Segments A through G use PIA outputs 0
through 6 while the half digit output uses PIA2BD output
PB7. The conversion technique for BCD-to-7 segment
utilizes a look-up table in line 251 with the indexed mode
of addressing to access the table. Each of the three full
BCD digits is converted to the 7-segment code by first
separating the lower BCD and upper BCD word and using
the BCD code as the least significant byte of a two byte
address for the look-up table. This address is then loaded
into the index register and used to locate the correspond-
ing 7-segment code. In the case of the upper BCD digit of
each BCD, the memory must be shifted left four times for
correct addressing of the look-up table. Finally, the half
digit output is added to PIA2BD in lines 197 through 226.

Should the MC 1405 have the incorrect polarity on its
input, a polarity reversing relay is operated by toggling the



CA2 output of PIA I BC control register. Then the conver-
sion is restarted, this time with a positive input polarity.
The polarity detection instruction is found in line 131.
If after the offset count subtraction in lines 129 and 130
the condition code carry bit is "set". the MC 1405 has a
negative input voltage. This occurs when the negative in-
put subtracts from instead of adding to the offset current
in the MCI405 and does not allow the ramp down time
period to reach at least a value of 10010 counts. If the
carry bit has been "set" then the program branches to

line 236 where the CA2 line is toggled_ Also due to the
difference in a positive polarity conversion and a negative
polarity conversion a short delay loop has been added in
lines 238 and 239 to improve accuracy at very small
input voltages_

The entire 3h-digit AID requires 296 memory loca-
tions but can be reduced if the BCD-to-7 segment de-
coding is performed external to the MPU system. With a
I MHz MPU clock frequency this program has a full
scale conversion time of 60 ms.



1.7000 NAI1 Dp1A25
2.000 OFT MEM
:;:2.000 -

4.000 -

-~ OliO. 0000000000000000000000000000000000000000000000

6.000 - L d L d

{- 106

:3.0u0 -

"30.000.

10.0U0 -

11.000.

12.00u < THIS CONVERTER USES A MC1405 IN CoNJUFfi:TIoN WITH THE
13.u00 = MC6SO0 MPU TO PRODUCE A ~ 1/~ DI~IT A/D. THE
14.0(1) = DUAL RAMP METHOD OF A-D CONVERSION IS USED.

1:7.1100-

16.00u -

17.000 -

1:::.00Ue CYCLE S~ITCH -LDCRTED AT PIA1BD (PB1)
1730.0(1%) CoMP~RATOR = LOCRTED RT PIAIBD ,F~7)
20.000 -

21.000 -

2c.000 -

2;:.000. RAMP CoNTRoL- LOCATED AT PI RHD (F'I2:
24.0Ju0 - CONVERSION  FINI:HED = LOChTED AT PIH1BD
2-1. (o - OVERRANGE - LOCATED I"1FII1"1IBD. PK:)
2":".1)00 e POLARITY - LO~RTED HT PIAIBI® "CH20
27.000 -

2:=:.000 + 7 SEGMENT OUTPUI

2'200(l- TEI1: - FIALNI"1D

30.u00 e HUHDREK .2 P1.A2AD

1. Uo(l - THOUSANDS - PIA2BD

32.(1)0 - TENS OF THOUSANDS OP

;.00 .

";:4100 e

3~1l.yaa -

36.000 -

~:-? (t.lo

3::::.000 THE AhALrG INFUT FDR THE M(14U~ MUST HAVE h 2 VOLT
)"0".000 MAXIMUM  WHILE THE AUTOPOLARITY CUTPUT FROM THE MFU
40.0(1) - MAY BE USED TO TOGGLE A RELR"( TO PROVIDE NEGATIVE
41.000. INPUT CAPRBILITY FOR THE A/D
42.00u e
43.000 -
44.(700 -
45 _.u00 1:1;; :i,(1000
46.01.10["B Rti1B I
47.00u Q. 1: I"ME: |
4:3.000 1 1:E:<RI1E2
470" .000t" L.TEM R-B |
51J.000 . L1Et1 PIU 1
":0l.0u0e
52.0(1) -
53.01i0 =
54.000 OPG 10010
5~.000 UNTTEN PMB
5 .000 Htl1tITHDF:MB
o~ n00 e
‘:' OU(,.
w 0uC, 0,1 104 004
udu FIRI AD 1'111'

EJ



SIDE CONTROL REGISTER
SIDE DATA REGISTER
SIDE CONTROL REGISTER
SIDE DATA REGISTER
SIDE CONTROL REGISTER
SIDE DATA REGISTER
SIDE CONTROL REGISTER

61.000 PIAIAC RMB
62.000 PIAIBD RMB
6:3.000 PIAIBC RMB
64.000 PIA2AD RMB
65.000 PIA2AC I<:MB
66.000 PIA<,:EDI<:MB
67.000 PIA2BC RriB
68.000 e

69.000 e

70.000 OIG 'f0A00
71.000 e

72.000 e

73.000 CII<PIA1AC
74.000 CIR PIAIBC
75.000 CLF: PIA2AC
76.000 CIR PIA2E:C
77.000 1DA 87,
7:3.000 STA PIAtE:D
7°;".000 LDA $OFF
80.000 STA PIAIAD
:31.000 STA P1A2AD
82.000S:TA PI1A2ED

W W > > wWw>>

>>>> > >

83.
:34.000

000

ItIAA :$-::4
S:TAA PIAIAC

:3":,.000:STAA PIAtE:C

86.
87.

000
000

"S:TA PIA2AC
:S:TA PIA2BC

:38.000 -

:39.000 LDA A :m1,0C FIRST TWO HEX DIGITS OF LOO~-UP
"3"0.000 "S:TA\ Hip D TABLE ADIWE:S.S:ES
"3"1.000e ®eccccccccccccece
92.000 - . BFIS1C A, D
"3"3.000e XYY Y YYYYYYYYYY Y
"0"4.000-

,2~1.000 -

'0'6.000 lDA A o' 04

'37.000 :TA A PIAIPD PC HIGH
9:;::.008TART IDA A PIA1~-D COMPARATO~ TEST
"0"9.000 f:~11S.TART

100.000 CYCLElI IDA A =$%$14

101.000 STA A PIA1BD CONVERSION READY AND PC HIGH
102.000 e

103.000 e

104.000 e

105.000 CYCLE LDA A PIALED

106.000 AtHI A 3102

107.000 BEO CYCLE

10:;::.00RESTAF" IK-: +1; 0D 0

1070".000 CIP PIAI E:DI"E:S:ET

11").000 COMP LDA A PIA1BD

111.000 BPI cmlP

112.01)0 o

113.000 RA~IPUP LDA E::1;04

114.000  DEx:

115.000 BtiE RA~IPUP

116.000 -

117.000 -

118.000 -

117 ;" .000-

120.000 RAMPDN STA ~ PIAIED



121.000 IN:";
122.000 CP;"™
12.3.000 LDA
124.000 ErH
125.000 -
126.000 S
127.000 LDA
12:::.000 LDA
12°0".000 SUE:
130.000 SE:C
131.000 E:CS
132.000 S TA
1T':. 000 STA
134.000 S TA
135.000 STA
136.000 e
137.000 e
13:3.000 e
13"0".000 »
140.000 -
141.000 -
142.000 e
14-:::.000e

144 .000 CIF:
145.000 cL~
146.000 LD><
147.000 BEGI~

14:::.000 TAE:

120000 DUt'1tT'ISTATEMan FO~: THIE
'L PIAIE:D CmWAFATOF."  TEST
F:AtIPIIN

t'1E:

A tLSE+H

E: t1-SE:

H ::$0:-4

E: ::'1;00
POLPY1

A tEE:+1

E tEE

A r1SE:Tal+ 1
E: tEETal

00000000OCOCOOGOIOIOIOS
+ EIMAPY TO BCD -
«  C~NVEF.TEP .

UtHTEt-I
HtIDTHD
:::1:0010

LDA A UNTTEN

14°0".000 A~Hi rl :'1;0F"
150.0-00 -sUE: A 1,05
151.000 E:MI AT
152.000 AlID £ 103
153.000 AT TEA
154.000 At-ID A :$OFO
155.000 SUB A :$50
15"":,.000 BMI ET
157.000 ADD B :$30
15:::.000 BT sT'1 B UmTEN
15°071J00 e

160.000 LIIA A Ht-mH,m
161.000 TAE:

162.000 Atm A ::$OF
16::.000 SUE: H :$(5
164.000 BMI (T
165.000 ADD E: :$03
166.000 CT H:A
1%:,7.000 ANII A =$u" 0
16:::.000 :SUB A :'1:50
16°0".(,1)1p:MI DT
170.000 ADD B :'1:3(.
171.000 DT STA E: Hr-illTHD
172.000 -

173.000 -

174.000 -

175.000 AS:.L |_SE:TEM
176.(1)0  POL ~1'SETEt1
177.000 POL UrHTEN
17::.1)00 POL HtiDTHD
17°07.000 ll~<
1:::0.000 Bt-1t 1:E":It

DELF!'r



EJ

181.000
182.000
183.000
184.000
185.000
1'3E,. 000
187.000
188.000
189.000
190.000
191.000
1'32.000
1'3:3.000
194.000
195.000
196.000
197.000
1'38.000
1'3'3.000
200.000
201.000
202.000
203.000
204.000
20",.000
206.000
207.000
20:::.000
20'3.000
210.000
211.000
212.000
213.000
214.000
215.000
216.000
217.000
21:;::.000
21'3.000
220.000
221.000
222.000
22:;::..000
224.000
225.000
22':.. 000
227.000
22:::.000
229.000
230.000
231.000

234.000
235.000
230:,.000
2:37.000
238.000
23'3.000
240.000

LDA A HtIDTHII

AND A ::$20

SUE: A ::$10

E:HI OVRNGE

o

BRA BCD

POLRY1 BRA POLARY
OVRNGI BRA OVRNGE

ecccccccccccccccccce
¢« BCD TO 7 SEGMENT -
. COMVEPTER .

Bell LIIA 8 UNTTEN
At A :::10F
STA Fi INIE; #+1
LII>( ItiDE:,;

LIIA A 0;:™

STA Fi PIALAII
LDA R UtHTEN
L~F A

LSR 1l

LR R

L~F A

STA A ItHIE',;+1
LD:o< | NHE:x:
LIIA A 0,

2 TA A PlI A2AIl
LIA t{ HtHITHII
AtHi A :'l:OF

i TA A HHIE:'<+1
LiI'x: ItHIE;,":
LIIA A 0.:";

“TA A Pl A2BII
LIIA A HtHITHII
At-Hi H ::$10
:SUB A '1;10
E:LT END1

LIA A =$::

ADI' A PI 82BII
" TA A FIFi2BII

END1 Jt1P CYCLE1

)

OVRNGE LIIA A ~$1C
~TA A PIAIE:I1
LIIA A :$F3
“TA A PIAIAD
“TA R Pl A2AII
i TA A PIA2E:It
Jt'1P C.CLE

)

POLARY LIIX ~$0100

BR I1E;"

BtiE 'E:R
LIIA A PIAIE,:
cotl A



241.000 AND A :;;%08
242 _.000 ADD A :$34
24:3.000 STA A PIAlI<C
244 .000 JMP RES:TA!
245.000
246.000
247 .000
248.000
2473.000 ORG $0c00

LOOK-UP TABLE FOR BCD TO
Cat-i*-..EI":;; 1 ON

250.1)00 FCB $7E,$30,%$6D,$79,%$:33,%$5B,%$5F,$70,$7F,$73

251.000 EI'D
252.000 MON

P106.280

b H

PIA280 PIA2AO

MPU/PIA System

L

PIAt AD

PBO/PAO
PB1/PAI
PB2/PA2
P83/PA3
PB4,PA4
PHS/PAS
PB6/PA6
P87/PAT

G S-ement
F Seeement
E Segment
O Segment
C Segment
B Segment
A 5.m.nt
" Digit (PIA280 onlyl



4Y ,-Digil Dual Ramp Prognm

The microprocessor software for a 4\-i-digit dual ramp
AID is shown in Figure 19. This program in an extension
of the 3\-i-digit AID just discussed and has a full scale
input voltage of 1.9999 volts. Due to the addition of the
extra digit, a fourth PIA port for the 7-segment display
is required. The PIA port configuration used for ramp
control, comparator, etc. is identical to that used in the
31>-digit AID.

The addition of the extra digit also implies a longer
ramp up time period which is produced by increasing the
initialization of the index register in line 11S. This longer
ramp up time period also requires the change of the extra
count subtraction statements of lines 137 and 138 to

maintain the extra COURt subtraction of 10% ramp Up
time. Also, the longer ramp Up time period will require a
larger integration capacitor to prevent saturation of the
Me 1405 integrator. This is of course, assuming the same
MPU clock frequency, The remainder of the AID external
hardware is unchanged except for the addition of the
fourth full digital display. Figure 18a can be used for the
41>-digit AID without modification, and Figure 18b can
be used with only the addition of another digit.

The software for the binary-to-BCD converter remains
the same for the 41>-digit AID since it is capable of han-
dling up to 16 bits, The conversion routine for BCD-to-7
segment code must be modified to handle the extra digit
although the same basic technique is retained,

1.000 t-iAtBl,.18:::0

2.000 Or"T t1n1
:2:.000

4.000 -

5.000 . 0000000000000000000000000000000000000000000000
6.000 e ® S
7.000 - . 4 1-2 DIGIT A-D -
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10.000 e
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16.000 e

17.000 -~
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20.000 -
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2C: L.
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27 .0 ¢ -
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-2::4.000°

C. 000 e
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45.000



46.000 MSB RMB 1
47.000 LSB R~IB 1
48.000 INDE>( Pi'll: 2
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55.000 UNTTEN RMB
56.000 HNDTHD RMB
57.000 TENTSD RMB
58.000 °
59.000 °
60.000 OPG '~4006
61.000 PIAIBD "ME
62.000 PIAIBC RMB
63.000 PIA2AD ":MB
64.000 PIA2AC F:MB
65.000 PIA2BD ™I'1B
66.000 PIA2BC RMB
67.000 01"(, :NOIO0
6::.000 PIASAD RMI:
6;".000 PIASAC R~1l:
70.000 PIFr3l:D RME:
71.000 F1A3BC PME:
72.000 .
73.000 .
74.000 .
75.000 .
76.000 ORG :I:0A00
77.000 CLR FIAIBC
7:::.000 CIR PI™t2AC
7';'.000 CLR PIP2E:C
:30.000 CLR FIA3AC
:31. 000 CLF~ PIA::EC
32.000 LDA A ::l:4D
::3. 000 'SSTA A PIAIBD
::4.000 LIIA A ::0=F
:::5.000 'S:;TA A FIA2AI)
::",.000STA A PIA;:'BII
:::7.000 'SSTA A PIA3SAD
000 'STA A PIA3LIL:
%000 LDA A :'1:34
':0.000 STA Ft PIANC
91.000STA Ft F'I A2A'S
"2.000 'SS,TA A PIA2IC
":"::2.000 'STA A PIA:AC
""4.000::TA Ft F I1A:;BC
95.000 -
96.000 LDA A ~$0C
:"7.000 STA A INDEX
9:::.000 .
""::0.000 -
100.000 .
101.000 .
102.000 .
103.000 DA "t :'i.04
104.000 TA A FIAIRD
105.000 S ~"T _DR R FIAIBD
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=14

CONVERSION
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166.000
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216.000 STA A INDEX.I
217.000 LDX INDEX
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226.
227.
228.
229.
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232.
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A
A
A
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A INDEX+1
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~ 0,X
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A TENTSD
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END JMP CYCLE1

OVRNGE LDA A uSOD
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LDA
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STA
~TA
JMP

A PIA1ED
A u$F3

A PI1A2AD
A PIA2BD
A PIA3AD
A PIA3ED
CYCLE

POLARY LDX =$0100

OVERRANGE,,RC  HIGH,

CON F

FCE $7E, $30,%;: dir"3$:38;-"5TF;5R;70;F;7F 13

ER DE:>(

ENE ER

LDA A PIALEC
COM A

AND A =$08
ADD A =$34
STA A PIA1BC
JMP RESTAP
ORG $0C00
ENII

MON



SUMMARY

Many MPU systems require analog information.  which
necessitates the use of an AID converter in the micro-
processor design. This note has presented two popular
AID techniques wused in conjunction with the M6800
microprocessor system. These techniques,  successive
approximation  and dual ramp, were shown using the
MPU as the digital control element for the AID system.
This required dedication of the MPU to the AID function
during the conversion. Also shown were systems using
the MPU to control the flow of data from an external AID
allowing the MPU to perform other tasks during the
conversion.

The variety of programs presen led allow the designer
to make a selection based upon hardware cost, conver-
sion speed, memory locations and interrupt capability.
Although the AID programs shown here are complete
designs, they are general designs and may be tailored
to fit each individual application. Also a variety of digital
outputs  are available including  binary, BCD, and
7-segment. In conjunction with the BCD output a 16-bit
binary to BCD conversion routine is presented in
Appendix B.
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APPENDIX A
MPU INSTRUCTIONS
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APPENDIX B
BINARY-I0-BCD CONVERSION

A standard technique for binary-to-BCD conversion is
that of the Add 3 algorithm. Figures Bl and B2 show a
flow diagram and example of this algorithm. The tech-
nique requires a register containing the N-bit binary
number and enough 4-bit BCD registers to contain the
maximum equivalent BCD number for the initial binary
number. The conversion starts by checking each BCD
register for a value of 5 or greater. If this condition
exists in one or all of these registers (initially this con-
dition cannot exist), then a 3 is added to those registers
where this condition exists. Next the registers are shifted
left with the carry out of the previous register being the
carry in to the next register. Again each BCD register is
checked for values of 5 or greater. This sequence con-
tinues until the registers have been shifted N times, where
N is the number of bits in the initial binary word. The
BCD registers then contain the resulting BCD equivalent
to the initial binary word. The example in Figure B2
starts with an 8-bit binary word consisting of all "I's."
This word is converted to the BCD equivalent of 255 by
this technique. After 8 shifts the last binary bit has been
shifted out of the binary register and the hundreds, tens,
and units registers contain a 255.

Figure B3 shows an MC6800 software routine for per-
forming this technique of binary to BCD conversion.
The initial binary number is a 16-bit number and occupies
memory locations MSB and LSB; this binary number is
converted to the eqUivalent BCD number in memory
locations TENTSD, HNDTHD and UNTTEN. Each of
these memory locations contains two BCD digits. Eighty-
three memory locations are required for program storage
with a maximum conversion taking 1.8 ms.
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24.000 ORG SOFOO
25.000 CLR UNTTEN
26.000 CLR HNDTHD
27.000 CLR TENTSD
28.000 LDX ;~S0010

29.000 BEGIN LDA A UNTTEN

:30.000 TAB

31.000 AND A ~SOF
32.000 suB A ~$05
33.000 BMI AT
34.000 ADD B ~$03
35.000 AT TBA
36.000 AND A ::$0@
37.000 SUB A ~i50
38.000 EMI BT
39.000 ADD B ~i30
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