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ANALOG-TO-DIGITAL CONVERSION
TECHNIQUES WITH THE M6800

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 lO-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-
1 segment code are discussed.
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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
lOstead 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 usually be divided into two sectIOns 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 MPlJ. both of the sec·
tions may be added ex ternally to the microprocessor In
the form of a PC card, hybrid module or monolIthic 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
IO-bit successive approximation A/D is available. Ex-
pansion to greater accuracies is possible by modifying the

software and adding the appropriate 0/ A converter. The
technique of successIve approxImation A/D provide.
medium speed with accuracIes compatible with many
systems. The second techmque adds an MC I 405 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~·dlgJt BCD A/D conversIOn 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 addItion 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 lOexpensive and practical
method of handling analog information.

Figure I 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 lIsted m Figure I and
provides the MPU software and external system hard·
ware schematics along with an explanation of the basic
A/D techmque and system peculiarities. In addition, the
MPU Interface connectIOns for the external A/D hardware
schemes are shown. These schemes are a complete 8-bit
successive apprOXimatIOn and a 3~·dlgit dual ramp A/D
system, both of which externally perform the conver·
Slon and transfer the dIgital data into the MPU system
through a PIA.

For addItIOnal Information on the MC6800 MPU sys·
tern or A/D systems, the appropriate data sheets or
other available lIterature 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 descriptIOn of the baSIC MPU system as It per·
tains to the A/D systems presented later In this appli·
catIOn 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 locatIOns which may be either
storage devices (RAM, ROM, etc.) or in terface deVIces
(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 conditIOn code regis·
ter. The condition code register indIcates 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.



SuccessiveApproximation DUll 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 lO-Bi. DAC 8-B,. DAC MC14435

External Hardware Dp Amp OpAmp SAR" MC1405 MC1405 MC1405 MC14558
Comparator Comparator DpAmp (for 7-segment

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 requires a 2¢ non-overlapping clock
with a lower frequency limit of 100 kHz and an upper
limit of I MHz.

Vss (Groundl 7 a

Helt I ACCA I
Ph.,e 1 Clock 7 a

Interrupt Request I ACCB I
Valid Mamory Addre ••

15 a
Non Ma,kable Interrupt I IX IBu, Av.,labl.

15 a
VCC (.5 VOlt Pawed I PC IAa

At
15 a

A2 I 5P I
AJ 7 a

A4 0
Addre" AS
Lines A6

A7

A8

A9

Ala

All

Not Used

Pha,e 2 Clock

Oat. Bu' Eneble

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, CA I and CA2, for interrupt capa-
bility and extra [/0 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" I " accesses the da ta 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 [/0 configu-
ration is programmed into the data direction register, after
which the control register is programmed to select the
data register for [/0 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 (COY) 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; a second 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 MC 1408 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 MLM30lA
operational amplifier is used as a comparator while an
externally compensated MLM30lA 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 RI 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 I volt full scale, and zero calibration is
set by adjusting R3.

FIGURE 5 - 8-Bit Successive Approxi ••••tion
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 I BD 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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lint'S 55 and 5(> St't the nmversion tinished Ih~,which
('ollsists ~)f 3 LED on tht.~ h3njWJr~ sd,cmatic. afrl'f
whidt thl' pHlgram l'IlUTS a loop ill lin~s hJ-hS whid\
(aUses tht' MPU I,) wail unlil Ihe ,'yde inpul line ~oes
hi~h. (This fealult' (ould he t'1iminaled if Ihe plt)~ram was
a suhrl.-,utint' of a larg('f (()ntH,1 program.) In this caSt',

wht.'1l a \.'llllvt"Tsion was ft.) ht.' mad(' the c011trol pHlgram
w,'uld ~o to the AID suhwutinc and return wllh lilt'
digilal results. Lin,'s (>8 and (><)dear the PIA·A whICh is
(lmllt"l'led tll th(' DAC inputs and an il1tl"rnal I11l'l1hHY

Il",:atlllii. This I1ll'nll)r~' Il)Cation is lIs~d as J pOlllll'r In
keel' Ira,'k "f whit'h hll "I' Ihe DAC is (urr,'nlly hein~
It.'sll'd. Nt.'''! the I.·OTlVl'rStlltl finished line is reset IIldll'ating
a ,-'\,,)I1\'I,.'[5i',.)11 IS in PHl(('SS Jnd till' (Jrry hit of IhL' ,-'lluda-

ti"n ,'ode re~ister is s,'!. The memory loeali,'n POINTR IS
then It'tated ri~hl in lin,' 7<), nllwin~ Ihe (arry h,t of Ihe
(lHlJ..ttiol1 \,.'t..'lIt"' TCglstt'T intt) thl' MSB of that 11\l'l1lnry

ll~Jti\)IL Line 80 is J 1.·t.ll1ditlOllal hrath. ..h that J('I(,fminl's

if all 1\ hits of the DAC have been tesled. Aftn IlIne
rOlations of POINTR Ihe ,'arry hit will again he set
indi,'alin~ all 8 hils have h,'en (olllpared.

Pfl)gralll lines 81 throu~h 8.' load Ihe previous DAC
value lnt" an a,'l'ulllulator and Ihe next DAC bll is lurned
on f,)r Ihe (')llIparal'll les!. An 8 I./S delay pfl)dul'ed hy

the NOP ulStrlll'lioll of lilies X7 Ihmll~h 'Ill allows Ihe
DAC and comparator 10 settle tn a tillal value hefore the
c0111par:ltor Il'st or lint's l) I and 92. AI thiS pomt if the
l'OmpaLltor was high lhl' Yes loop IS eXt'(ut..:d. whil'h
gl',u ..'rates a silllulated dock pulse anu a serial uutpllt
"I". If Ihe ,'olllparalm was low, hiles 95 Ihmu~h 101 arc
exel'uted, resetting the hit under test :md generating ;1
silllulaled do(k pulse and a serial oulpul of "0". The
thn!l' NOP instrlll't1olls of the Yes loop equali/c tile
eXt'l'utioll til1W hetwt'cn the high alld low (Olllparator
IOllpS. Aftcr (olltpktlon of l'ither the lugh or low C0111-
parator loop. the A a(l'ul1lulator wllll.:h (onlains the new
dlltilal IllIl11h", IS sloTed ill PIA I AD and 111a RAM 1111' 1lI-
my IOl'alion laheled ANS. Theil Ihe 1101 hll of Ihe DAC
IS tested in the same manlier Jnu this procedure is conlin-
ued until all ei~hl DAC inpllts have heen tesled. When tillS
has oCl'urred the program relurns 10 lane S5 where the
(nnverSll'n flllished nag IS "sel" and Ihe MPU awalls Ihe
11l'\t l'yde inplIl fmlll PIA IIlD.

The Intal (onversion lillie is 700 I./S for Ihe X·hit nm-
verier assulllin~ a I Mill MPlJ clnck frequency. The silllu-
laled do(k pulse is 7 I./S wide and (an he used In indlcale
when 10 salllple the serial nulpul.

1.000 NA~1 DI...IA12
2.000 OPT ~1Et1
3.000 •
4.000 •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••
5.000 • •
6.000 • 8 BIT SUCCESSIVE APPpo~IMATIDN ~'D •
7.000 • •8.000 ••••• _ •••••••••••••••••••••••••••••••••••••••••••••••••••••••
9.000 •

10.000 •
11 .000 opG 0
12.000 ANS PMB 1
13.000 PoINTp RMB
14.000 •
15.000 •
16.000 •
17.000 opG 14004
18.000 PIA1AD RMB
1?000 PIA1AC PMB
20.000 PIA1BD pMB
21.000 PIA1BC RMB
22.000 •
2:2:.000•
24.000 •
25.000 •
26.000 •
27.000 •
28.000 •••••••••••••••••• PIA1ED PIN CONNECTIONS ••••••••••••••••••
29.000 ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••
30.000 • Pt7 • PBf. PE5. PB4. PE3. PE2. PBl • PEO.
31.000 ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••
32.000 • CoMP • NC • SC • CF • SO • NC • CYCLE • ~C •
33.000 ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••
34.000 • •
35.000 •

FINAL ANSWEP MEMORY LOCATION
TEMP MEMORY LOCATION

A SIDE,
A SIDE,
E: SIDE,
E: SIDE,

DATA PEG ISTE':;'
COtHRIJL PEl;I:S:TEP
DATA PEG ISTE':;'
CotH'":oLPEG I:STEF.:

PIA1AD USED FOP DIGIT8L OUTPUT TO D~C
PIA1ED USED FOR A/D CONTROL



·36.000 •
37.000 • COMP-COMPAPATOP,SC-SIMULATED CLOCK,SO-SERIAL OUTPUT
38.000 • CF-CONVERSION FINISHED, NC-NO CONNECTION
3'0'.000•
40.000 •
41.000 •
42.000 ORG 10AOO
43.000 •
44. ('00 •
45.000 CLP PIA1AC
46.000 CLP PIA1BC
47.000 LDA A
4::::.000.S:TAA
4'0'.000 LDA A
50.000 :';TAA
51.000 LIlA A
52.000 STA A
53.000 :':;TAA
54.000 •
55.000 RSTART LDA A =$10
56.000 STA A PIA1BD
57.000 •
58.000 •
5'3.000 •
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
74.000
75.000
7;:..000
77.000
7:::.000
7':;0.000
:30.000
:::1 .000
::::2.000
83.000
:34.000 •
:::5.000 •
::::;:,.000 •
:::7.000
:::::::.000
89.000
3'0.000
'3'1.000
92.000
'33.000 •
94.000 •
95.000 LLA ~ PIA1AD
96.000 SUB A POINTR

:;i7C
Plo'llBD
:;·!,OFF
PIA1AD
:;$04
PIA1AC
PIAlBC

•CLP PIAU::Ii
·SEC

••••CONVPT POR POINTP
BC S;P·S·TART
LDA A PIA1AD
FiDD A PO ItiH
.S:TAA PIA1AD

II
Imp
~mF'
I·mp
NOP
LDA
Bll1
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97.000 LDA 1:::$20 :SERIAL OUT OF ..0". CLOCI< SET
98.000 STA B PIA1BD
99.000 CLR B CLOCk RESET

100.000 STA B PIA1BD
101.000 1:F.:AEND
102.000 •
103.000 • ..HIGH COMPARATOR LOOP ••
104.000 YES LDA A PIA1AD
105.000 ~mp
106.000 NOP DELAY
107.000 r"iDP
108.000 LIiA B ::$2:::SER I~L OUTPUT OF ..1". CL::JCKSET
109.000 STA B PIA1BD
110.000 LDA 1:::$08 CLOCK F.:ESET
111.000 STA B PIA1BD
112.000 •
113.000 END STA A PIA1AD
114.000 STA A ANS
115.000 BRA CONVPT
116.000 •
117.000 •
118.000 •
119.000 •
120.000 •
121.000 •
122. 000 ~lON
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-
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IG-Bit SA Program
Figures 8 and 9 show the MPU software and external

hardware for a IO-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 bit
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.

FINAL ANSWER LOCATION
FINAL ANSWER LOCATION
POINTER FOR BIT UNDER
POINTER FOR BIT UNDER

(MSB)
(LSB:.'
TEST
TEST

B ::;IDE,
B ~:I DE,
A::; 1DE,
H : I DE,
E: :~:I DE,
E: '~. I DE,

DATA ~'EGI~TER
CDt-nROL ~'EGI'S:TER
DATA REG I3TEr;'
cmnr;:OL F.'EI;;I:STER
DATA REG I:STER
cmnr;'OL REG I:;TEP

PIAIAD USED FOR DIGITAL OUTPUT TO DAC
PIAI1D USED POP A/D CONTROL

EJ

BEGINNING OF PROGRAM
.P IA AS-SEMEL",'.

1.000 NAM DWA40
2.000 OPT MEM
3.COO •
4.000 •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••
5.000 • •
6.000 • 10 BIT SUCCESSIVE APPROXIMATION A/D •
7.000 • •
8.000 •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••
';0.000 •

10.000 •
11 .000 OF.:G0
12.000 ANSI RMB 1
13.00n ANS2 RMB 1
14.000 PONTRI RMB
15.000 PONTR2 RMB
16.000 •
17.000 •
18.000 ORG 14006
19.000 PIAIBD RMB
20.000 PIAIE:C R~B
21.000 PIA2AD RMB
21.500 PIA2AC RME:
22.000 PIA2BD PME:
23.000 PIA2BC RMB
24.000 •
25.0(,1) •
2~,. uon •
27.000 •
2:3.(100 +
29.000 •
30.000 •••••••••••••••••• PIAIBD DIN CONNECTIONS ••••••••••••••••••
31.000 ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••
32.000 • PB7 • PB6. PBS. PB4. PB3.. PB2. PBl. PEO.
33.000 ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••
34.000 • CO~1P • N.:: • '::C • CF • S:C1 • t'1C • C',"::LE• ;'1C •
35.000 ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••
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 $OAOO
47.000 •
48.000 ClR PIAIBC
49.000 elF.:PIA2AC
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50.000
51.000
52.000
5:3.000
54.000
55.000
56.000
57.000
58.000
5'3.000
60.000
61.000
62.000
6·3.000
64.000
65.000
66.000 •
67.000 •
6:::.000 •
;:.'3t.OOO •
70.000 •
71.000 CYCLE LDA A
72.000 AND A n~02
73.000 BEQ CYCLE
74.000 •
75.000 ClF:
7.0,.000 ClP
77.000 •
7:3.000 +
7':;'.000 •
:::0.000
:::1.000
:::2. (I (I (I

:3.3.000
:::4.000 •
;::5.000 •
:::.0,.000•
'::7. (I (I (I

::::::.000
'::9.000
'30._ 000
:;1,000
92.000
'?:3.000
94.1)00
'3:,.000
';tE .• OOO •
'37.000 •
9::::.000•
''''':;.000

100,(100
101.0(11)
102.000
103.000
1 04 • (II) 0
105.000 •
106.000 •
107.000 •
103.000
109.0('0
110.000
111.000
112.000

ClR PIA2BC
lDA A
STA A
lDA A
:';;TA A
STA A
lDA A
STA A
STA A
STA A

•RESTART lDA A
:TA A PIA1E:D
CLF.:POtiTR 1
ClR POtHf"2

•

::$7C
PIAIBD
::$OFF
PIA2AD
PIR2BD
::$04
PIAlBe
PIA2AC
PIR2tC

PIA2AD
PIA21::D

Clf" PIAIBD
LDA A :"1:04
:TA A POtH';'l

•

CoNVPT RoR poNTR1
PO'" POtH":2
BCS PE:::TART
LDA A PIA2AD
ADD A POtiTP 1
':TA A PIA2AD
lDA A PIA::::E:D
ADD A ~'OtiTF.'2
:::TA>=i PI'12BD

tioP
tiOP
r·mp
t·mp
lDA
EMI

A PIAl E:!I
YE:::

lD'1 A
.SUI: A
STA A
::T'1 A
LItA A

PIA:::AD
PDt-iT!;'1
PIA2AD
AtEl
F'IA2tD

:ET NEW DIGITAL DUTPUT
PEC'1Ll PREVIOUS DIGITAL 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
124.000
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

PONTR2
PIA2BD
ANS2
::'1:20
PIA1BD

SUB
:STA
STA
LDA
:TA
CLR
STA
E:RA

•••
'·,'ES LIlA A ::$ 05
I1ELA\' [IEC A

ENE I1ELAY
LDA E: ::$2:3
:s:TA E: PIA1BD
LIlA B ::'f,08
STA E PIA1B['nop
NOP

•
END E:I"A CDt-iVRT

A
A
A
B
E:
E
B PIAlE:D
ENI'

•••
t"mi

2 Vref
VIO (Full Scale)'" - (Rl t R2l

Rre,

.HIGH COMPARATOR LOOP.
TIME EQUALIZATION

AJ
·5V~~15V

10 k

Offset Ad,ustment II-5 V

~
'5 V

Y ~ c

U , ~
..1 ~ ~ c

0

0 •
- E J lVi u

pel PA7.. •. PAO I PBl PBS PBJ PB7
pea I

---------~----------------



The third successive approximation program, shown in
Figures 10 and II, 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 I 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 PIA IAD. 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 II, 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 CA I and setting CA2 high. (For
additional information on use of the CAI and CA2lines,
see the MC6820 data sheet.) CA2 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 CA 1 line is
toggled by the EOC output of the MCl4549 and the
program goes to line 43 where CA I 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 IJ.S plus the conversion
time of the AID.

.• .•
'" '"> ~
PA7 . .. PAO 00 a' 02 03 a. a. OG 07

CA2 SC a

MPU/PIA MC14S4g
Synem

EOC Sout
S ••.• I

CA' OU1Pu1

II
1 • ~'1'ir" Id,IA:::
2. OPT ']T
3. •
4. ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••
5. • 8 Blr BI~RPY ;~CCE;SIVE •
.:. • • AF'P~'m< IMAT I Ot"1 HAJ;'IiI,IA;;'E •
7.0 •••••••••••••••••••••••••••••••••••••••• ~•••••••••••••••••••••
:::. (I •

'~.O OP;~ :1·0100



10.000
11.000
12.000
1:3.000
14.000
15.000
16.000
17.000
18.000
1'3.000
20.000
21.000
22.000
23.000
24.000
25.000
2':'.000
27.000
28.000
2'3.000
30.000
31.000
32.000
33.000
34.000
35.000
';:':,.000
37.000

TEMP f':MB.1
••

DRG :1,4004
PIA1AII RME:
PIA1AC RME:
••••

D~:G
ClR
ClF:
liiA
STA
liiS

$0300
PIA1AC
PIA1AD
A ::1;3C
A PIA1AC
::'1;(1020

••
t~DP
.JSP CmWPT

END ~mp
E:RA nm

••
CDN'·..•PT

lDA E:
STA A
!.•.IAI
ins:

DF1TA PEG I::TER
CDtlTR·Dl PEG I STER

LIlA H :::I..;:F
PIA1AII
PIA1AC

CONVERSION SUBROUTINE
CAI JtlMASKED,POS EDGE--CA2 HIGrl

3:::.000
3'''.000 •
40.000 •
41.000 •
42.000 •
43. 000 Ir~TRPT
44.000 S:TA A
45.000 LIlA A
46.000:TI1 A
47.0UO fHI
4:::.000 •
49.000 •
50.000 •
51. (1)0 plDr'l

LIlA A ::'1;;:':,
PIAIAC
PIA1AII
TEMP

INTERRUPT PPOGRAM
CA1 MASKED-CA2 LOW

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

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 n, the input un-
known is integrated for a fixed time period (fIXed 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 l2-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 MCl405 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: I 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 I MHz
clock in the MPU system.

As with all MC 1405 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 MC 1405 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.

1.000 NR!'1 DI)IAI0
2.000 OPT t1EM
3.000 •
4.000 •
5.000 •
6.000 •
7.000 •
8.000 ••••••••••••••••••••••••••••••••••••••••••••••••••••••••
9.000 • •

10.000 • 12 BIT BINARY DUAL RAMP R/D USINS THE MC1405 •
11.000 • WITH TH~ MC6800 SERIES MPU SYSTEM •
12.000 • •
13.000 ••••••••••••••••••••••••••••••••••••••••••••••••••••••••
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 PIA1ED RMB
32.000 PIAIEC RMB
33.000 •
34.000 D~G $O~OO
"3'5.000•
36.000 •
37.000 CLR
3,='.000
3'''.000
4,).000
41.000
42.000

eLF.:
LDA
.;:TA
o-IIi=t
.;:TI1

PIAIAC
PIAIBC
A ~:1;71::
A PIAlI'D
A ::'f:04
R PIAl f:C

RAMP CONT~OL (OUTPUT)
C/CLE (I r-iF'UT)
OV~RRANGE 'OUTP~T)
CONVERSION ~INISHED
COMPARATOR (INPUT)

PB2
PBl
PE::~:

(OUTPUT)~B4
;:'E:7

B SIDE,DATA REGISTER
B SIDE,CONTROL REGIST£?

B

SET PIA TO ~AV~ 3 INFUTS ~ND 5 OUTP~TS
SET BIT 3 OF PIA CDNT~OL REGISTER



II

4:::.000.
44.000 •
45.000 •
46.000
47.000
4:3.000
4':'1.000
50.000
51. (1)0

':.2.000
53.000
54.000
'55.000
56.000
57.000
5:::.000
5':".000 •
60.000 eLF.'PIA1ED
.0,1.000 •
62.000 COMP LDA A PIA1BD
63.000 BPL COMP
64.000 •
65.000 •
66.000 •
67.000 ":AMP,jp LDA !: ::'1.04
6:3.000 DE:''';
6':".000 BNE RAMP UP
70.000 •
71.000 •
72.000 •
73.000 •
74.000 RAMPDN STA B PIA1BD
75.000 It~>':
7':,.000 CP>':
77.000 LIlA
7:::.000 E:t'lI
7'=".000 •
:::0.000 •
:31.000 •
:::2.000
::::::.000
84.000
:::':,.000
:::6.000
:::7.000
::::::.000
:::-=".000
'="0.000
':'11.000

LDA A ::'1:04
STA q PIA1BD RAMP CONTROL HIGH

START LDA A PIA1BD COMPARATOR TEST - INS0F.'ES RAMP IS LOW
BMI START TO START CONVERSION

P:TAF.''l"LDA 1'1 :::1;14
::Th A PIAlE:D

•••CYCLE LDA A PIA1~D
miD A ::'1:02
BEO ,::YCLE
LIJ>':::'1;2(I 0 0

::0000
A F'IAlE:D
l;'A~lP[lt~

ST:";
LDA
:::!J!:
:TA
SUB
Bes

i1F1
TF!
PA
Dti

TEST
A TeT
A ::'1:02
A TE:T
A ::'1:10
F:STAF'T
A ::I;lC
q PIAlE:D
C.•..CLE

~ESET OVERRANGE AND CONVERSION FINISHED
At-iD:ET PC i...~I.J

DuMMY STATEMENT FO~ TIME DELAY
·::Ot'lPARATOF:HST

:ET ~ONVERSION FINIS~ED,~~ERRANGE
AND :~T RAMP CONTROL HIGH



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 I BD 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

II



II

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.'000
2.000
:;:.000 •
4.000 •
~o. OliO.
6.000 •
{. ('1I0•
:3.0uO •
'30.000.

10.0UO •
11.000.
12.00u •
13.uOO •
14.0(1) •
1:'.1I00·
16.00u •
17.000 •
1:::.00U•
1'30.0(11)•
20.000 •
21.000 •2c.OOO •
2;:.000.
24.oJuO •
2~1. ('0(1 •
2':'.1)00 •
27.000 •
2:=:.000 +
2'?OO(l·
30.uOO •
;:1. UO(I •
32.(1)0 •
;:,;:.0('0 •
';:4.UOO •
-3~1 .1)(1(1 •

36.000 •
~:-? (tl.lO •

3::::.000•
)'0'.000 •
40.0(1) •
41.000.
42.00u •
43.000 •
44.('00 •
45.uOO
46.01.10['1
47.00u i..
4:3.000 I
4'0'.000t'l
5lJ.OOO L
':ol.0uO•
52.0(1) •
53.0liO •
54.000 OPG 10010
5~.000 UNTTEN PMB

Ht1tlTHDF:MB5 .000~ I) 00'-'
':' o U(,
':' o uC,
.:. uOu

NAI1 D1J,IA25
OFT MEM

••••••••••••••••••••••••••••••••••••••••••••••• •

THIS CONVERTER USES A MC1405 IN CoNJUffi:TIoN WITH THE
MC6S00 MPU TO PRODUCE A ~ 1/~ DI~IT A/D. THE
DUAL RAMP METHOD OF A-D CONVERSION IS USED.

CYCLE S~ITCH -LDCRTED AT PIA1BD (PB1)
CoMP~RAToR = LOCRTED RT PIAIBD ,F~7)

RAMP CoNTRoL- LOCATED
CONVERSION FINI:HED =
oVERRANGE - LOCATED
POLARITY - LO~RTED

AT PI R H;D (F'I2o

LOChTED AT PIH1BD
I'1TFIl'1lBD 0 PK:)
HT PIAIBI' 'CH2o

7 SEGMENT OUTPUl
TEI1: - F IAlI'1D
HUHDREK .:...PI A2AD
THOUSANDS - PIA2BD
TENS OF THOUSANDS OP

THE AhALrG INFUT FDR THE M(I4U~ MUST HAVE h 2 VOLT
MAXIMUM WHILE THE AUTOPOLARITY CUT PUT FROM THE MFU
MAY BE USED TO TOGGLE A RELR'( TO PROVIDE NEGATIVE
INPUT CAPRBILITY FOR THE A/D

1':1;; :i,(lOOO
B Rt1B I
1:: !"ME: I
I:E:<RI1E 2
l::TEM R~lB I
I:1Et1 PIU 1

EJ

••
0,,'1:' '104 Co 04

F IRl AD 1'111'



61.000
62.000
6:3.000
64.000
65.000
66.000
67.000
68.000
69.000
70.000
71.000
72.000
73.000 Cll<'
74.000 ClR
75.000 CLF:
76.000 ClR
77.000 lDA
7:3.000 STA
7';'.000 LDA
80.000 STA
:31.000 STA
82.000S:TA
83.000 ltlA
:34.000 .S:TA
:3':,.000:STA
86.000 'S:TA
87.000 :S:TA
:38.000 •
:39.000 LDA
'3'0.000 'S:TA
'3'1.000•
92.000 •
'3'3.000•
'0'4.000•
,?~I. 000 •
'0'6.000
'37.000
9:;::.000
'0'9.000

100.000
101.000
102.000
103.000
104.000
105.000
106.000
107.000
10:;::.000
10'0'.000
11').000
111.000
112.01)0
113.000
114.000
115.000
116.000 •
117.000 •
118.000 •
11';'.000•
120.000 RAMPDN STA ~ PIAIED

PIAIAC RMB
PIAlBD RMB
PIAlBC RMB
PIA2AD RMB
PIA2AC I<:MB
PIA<,:EDI<:MB
PIA2BC Rr1B
••

OI<:G 'f,OAOO
••

A SIDE CONTROL REGISTER
B SIDE DATA REGISTER
B SIDE CONTROL REGISTER
A SIDE DATA REGISTER
A SIDE CONTROL REGISTER
B SIDE DATA REGISTER
B SIDE CONTROL REGISTER

PIA1AC
PIAIBC
PIA2AC
PIA2E:C
A ::$7,::
A PIAtE:D
A ::$OFF
A PIAIAD
A PIA2AD
A PIA2ED
A ::$-::4
A PIAIAC
A PIAtE:C
A PIA2AC
A PIA2BC
A :::1;OC
A HiD D·:

FIRST TWO HEX DIGITS OF LOO~-UP
TABLE AD!WE:S.S:ES

••••••••••••••••
• BFrS I C A.,·D •
••••••••••••••••

lDA A ::'1; 04
:TA A PIAIPD PC HIGH

START lDA A PIA1~D COMPARATO~ TEST
f:~l1·S.TART

CYCLEl lDA A =$14
STA A PIA1BD CONVERSION READY AND PC HIGH

•••CYCLE LDA A PIA1ED
At'HI A :: I; 02
BEO CYCLE

PESTAF' lK·: ::'1; OlD 0
ClP PIAl E:D I"E:S:ET

COMP LDA A PIA1BD
BPl cmlP

•RA~lPUP LDA E: ::1; 04
DE:x:
BtiE RA~lPUP



121.000
122.000
12.3.000
124.000
125.000 •
126.000
127.000
12:::.000
12'0'.000
130.000
131.000
132.000
1T':. 000
134.000
135.000
136.000
137.000
13:3.000
13'0'.000 •
140.000 •
141.000 •
142.000
14-:::.000
144.000
145.000
146.000
147.000
14:::.000
14'0'.000
150.0-00
151.000
152.000
153.000
154.000
155.000
15"':,.000
157.000
15:::.000
15'0'.IJOO
160.000
161.000
162.000
16::.000
164.000
165.000
166.000
1':,7.000
16:::.000
16'0'.(,1)1)
170.000
171.000
172.000 •
173.000 •
174.000 •
175.000
176.(1)0
177.000
17':: .1)00
17'0'.000
1:::0.000

:s:r.,;
LDA
LDA
S:UE:
SE:C
E:CS
S:TA
:S:TA
:S:TA
S:TA

•••

IN:";
CP;":
LDA
E:rH

::0000
'1 PIAlE:D
F:At'lPIIN

t'1:::E:
A t1:S:E:+1
E: t1-S:E:
H ::$0::-4
E: ::'1;00
POLPY1
A t'EE:+1
E: tE E:
A r1SE:Ta1+ 1
E: tEE:T al

••
ClF: UtHTEt-l
CL~' HtlDTHD
LD>< :::1:0010

BEGI~ LDA A UNTTEN
TAE:
A~Hi rl ::'1; OF"
-:;UE: A ::'1; 05
E:MI AT
AIID £: ::'1; (1'3

AT TE:A
At-ID A ::$OFO
SUB A ::$50
BMI E:T
ADD B ::$30

BT s:T"l B UmTEN
•

LliA A Ht-mH,m
TAE:
At'm A ::$OF
S:UE: H ::$ ('5
BMI (:T
ADD E: ::$03

CT H:A
ANII A ::$ 01"" 0
:SUB A ::'1:50
E:MI DT
ADD B ::'1:3(.

DT STA E: Hr-iIlTHD

AS:L
POL
POL
POL

I_SE:TEM
~1'SE:TEt'1
UrHTEN
HtiDTHD

Il~;<
Bt-1t 1::E':Itl

DUt'1t'l'lSTATEMan FO~: T H1E DELF!'r'
CmWAF'ATOF.' TEST

•••••••••••••••••
• E:IMAPY TO BCD •
• C~NVEF.'TEP ••••••••••••••••••

II
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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
232.000
2::::::::.000
234.000
235.000
230:,.000
2:37.000
238.000
23'3.000
240.000

LDA
AND
:SUE:
E:HI

A HtlDTHII
A ::$20
A ::$10
OVRNGE

•
BRA BCD

POLRY1 BRA POLARY
OVRNGI BRA OVRNGE
•••••••
BeIl LIlA 8 UNTTEN

Atlf\ A :::1,OF
STA Fi I NIlE;'·:+ 1
LII>( I tiDE:,;
LIlA A 0,:":
STA Fi PIA1AII
LDA R UtHTEN
L:~:F: A
LSR rl
L:::R R
L~:F: A
STA A I tHiE',,;+ 1
LD:o< I NIIE:x:
L.I1A A 0, :,<
:::TA A PI A2AII
LIlA t'{ HtHiTHII
At'Hi A ::'l:OF
::;TA A HHiE:'<+1
LII'x: I t'HiE;,':
LIlA A 0,:''';
::TA A PI A2BII
LIlA A HtHiTHII
At-Hi H ::$10
:SUB A ::'1;1 0
E:LT END1
LIlA A ::$:::0
ADI' A PI 82BII
':;TA A F'IFi2BII

END1 Jt'1P CYCLE 1
•
OVRNGE LIlA A ~$1C

:~:TA A PIAlE:I1
LIlA A ::$F3
:;TA A PIAIAD
:;TA R PI A2AII
::;TA A PIA2E:It
Jt'1P C.•..CLE

•
POLARY LIIX ~$0100
BR I1E;":

BtiE 'E:R
LIlA A PIAIE,::
C0t'1 A

••••••••••••••••••••
• BCD TO 7 SEGMENT •
• COMVEPTER •••••••••••••••••••••



241.000
242.000
24:3.000
244.000
245.000
246.000
247.000
248.000
24'3.000
250.1)00
251.000
252.000

AND A :;$08
ADD A :;$34
STA A PIA1I<C
.JMP RES:TA!"

••••ORG
FCB
EI"lD
MON

LOOK-UP TABLE FOR BCD TO
Cat·i'· ..•E!':::; I ON

$OCOO
$7E,$30,$6D,$79,$:33,$5B,$5F,$70,$7F,$73

-, U -,b u LJ
P80/PAO G S-ement
P81/PAl F S•••ment
PB2/PA2 E Segment
P83/PA3 o Segment

PIo6.280 PIA280 PlA2AO PlAt AD
PB4,PA4 C Segment
PHS/PA5 B Segment
PB6/PA6 A 5.,m.nt
P87/PA7 Yo Digit (PIA280 onlyl

MPU/PIA System

B
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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>·digitAID.

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 lIS. This longer
ramp up time period also requires the change of the extra
count subtraction statements of lines 137 and 138 to

1. 000 t-iAt~
2.000 Or'T
:::.000•
4.000 •
5.000 •
6.000 •
7.000 •
:::.000 •
':<.000.

10.000 •
11.000.
12.000 •
1:::.000 •
14.000.
15.000 •
16.000 •
17.000 •
1,::.000 •
1':<.000.
20.000 •
21.0flO •
2c: .. (I (I •

23.01(1 •
24.0 (, •
25.0 (I •

26.0 (I •

27 ..0 (I •
2::: .. (I (I •

29 ..0uO •
:::0.000 •
:::1 .00 (; •
';:::.000•
::::::.000•
-:::4.000•
::::C:•.. 000 •
~:.:. .. (1(10 •

37.(10(1 •
::::::.000•
:::'?OOO •
41).0(' 0 •
41.0'-'('•
42.01.10.
4:::.000 •
44.000 •
45.000

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,

DI,.I8:::0
t'1n1

••••••••••••••••••••••••••••••••••••••••••••••• •
• 4 1-2 DIGIT A~D •• •••••••••••••••••••••••••••••••••••••••••••••••

TH ~ CONVERTER USES A MC1405 IN CO~JUNCTIDN birTH THE
Me 800 MFU TO PRODUCE A 4 1 2 DIGIT 8~U. TrlE
DU L RAMP METHOD OF AD CONVE~SION IS USED.

CYCLE SWITCH -LOCATED AT PIAIED (~Bl)
CO~PARATOP - LOC~TED AT PIAIBD (PB7)

RAMP CONTPOL- LOCATED
CCNVERSION ~INISHED -
OVERRANGE - LOCATED
~OLARITY - LOCATED
,·:E(:;t'1E~lTDUTPI.lT

TEt'E - PIA2BD
~~~DREDS - PIA3AD
T~QUSAND? - PIA3BD
TENS OF THOUSANDS O~

AT PIA1E:D 0: lO't-O)

LOCATED AT PIA3BD
AT PIAIE:D fPE:2'
AT PIAIBD .t='B':"

rH~ ANALOG INPUT COR THE MC14f15 ~U
1-1A<:I'~UI'1'''HIU:: THE AUTO;:'OL~'"In- 'JUT
t-iFf,'t:E 'J:ED TO TDGGLE A F.'ELA..•.' TO P
INPUT C~PAtILITY FOR THE A'D

T i-lHVE A ',,.'OLT
UT I='RO~1 T E t',pu
0',,.'IDE tH::'::;TI '·...E



46.000
47.000
48.000
4'3.000
50.000
51.000
52.000
5:3.000
54,000
55.000
56.000
57.000
58.000
59.000
60.000
61.000
62.000
63.000
64.000
65.000
66.000
67.000
6:::.000
6;".000
70.000
71.000
72.000 •
73.000 •
74.000 •
75.000 •
76.000 ORG
77.000 CLR
7:::.000 ClR
7';'.000 CLR
:30.000 CLR
:31. 000 CLF~
32.000 LDA
:::3. 000 'S:TA
:::4.000 LIlA
:::5.000 'S:TA
:::"',.OOOSTA
:::7.000 'S:TA
::::::• 000 'STA
:::';"• 0 0 0 LDA
':"0.000 STA
91.000STA
':"2.000 :S:TA
':":::.000 :STA
':"4.000::TA
95.000 •
96.000 LDA A ~$OC
:"7.000 STA A INDEX
9:::.000 •
':"'::0.000 •

100.000 •
101.000 •
102.000 •
103.000
104.000
105.000

MSB RMB 1
LSB R~lB 1
I NDE>( Pi'll: 2
MSBTl'::M RMl: 1
LSBTEM R~lB 1
•••

ORG $0010
UNTTEN RMB
HNDTHD RMB
TENTSD RMB
••

OPG '~4006
PIAlBD "'ME
PIAlBC RMB
PIA2AD ":MB
PIA2AC F:MB
PIA2BD ":I'1B
PIA2BC RMB

01"(, :NOI0
PIA3AD RMl:
PIA3AC R~1l:
PIFr3l:D RME:
F'IA3BC PME:

:l:OAOO
F'IAIBC
PI"'t2AC
PIP2E:C
FIA3AC
PIA:::EC
A :::l:4D
A PIAIBD
A :::l:O!='F
A F'IA2Al)
A PIA;:'BII
A PIA3AD
A P IA3I:I:
A ::'1:34
Ft PIAnC
Ft F'I A2A'S
A PIA2I:C
A PIA::AC
Ft F' IA:;BC

ASIDE,
ASIDE,
l: SIDE.,
B :SI DE,

IDE.
IDE,
IDE:.
IDE,
IDE.
IDE,

DATA REGISTER
CONTROL REGISTER
DATA PE6ISTER
CO~TRDL REGISTER
DATA RE6IS:TER
cmn":OL REGISTER

DATA F'E6I STEP
COTHPOL "'EG I STER
DATA REGISTER
CDtHROL PEGISTER

II
FIRST TWO HE~ DIGITS O~ LOOK-UP

TAE:LE A[IIIF'E SS:E.S
••••••••••••••••
• BA'S: J ':: A.···[I •
••••••••••••••••

DA "'t ::'i. 04
TA A F'IAIRD RC HIGH

S ~"T _DR R F'IAIBD COM~ARATOP TEST
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106.000 8MI START
107.000 CYClEl lDA ~ =14
108.000 STA A PIAIED CONVERSION READY AND PC HIGH
109.000 •
110.000 •
111.000 • CYCLE TEST
112.000 CYCLE LDA A PIAIED
113.000 AND A 0$02
114.000 EEQ CYCLE
115.000 RESTART LD:x:~:'lAE2I) INIT IAL IZAT ION FOR RAMP UP
116.000 • TI~ING
117.000 CLR PIAltD RESET OVEPRANGE, CONVERSION FINISHED 8ND SET PC LOW
118.000 COMP LDA A PIAIED COMPARATOR TESJ
119.000 EPL COMP
120.000 • RAMP UP TIMING CYCLE
121.000 RAMP UP LDA B 0104
122.000 DE:'';
123.000 ENE PAMPUP
124.000 •
125.000 • RAMP DO~~ TIMING CYCLE
126.000 •
12i'.000 •
128.000 RAMPDN STA B FIAIBD PC HIGH
12''''.000 IN:x:
1:30.000 CP:x:~:\)IIU\) DUt'H'W·S:TATE~1Ern
1:31.000 LDA A ?IAIBD COMPARATOR TEST
132.000 BMI RAMPDN
13::.000 •
134.000 • EXTRA COUNT SUBTRACTION
135.000 STX ~SB
136.000 STX MSBTEM
137.000 LDA A MSB
13:3.000 SUI: A ::'1:04 E:'<TRACOUt·n:UI:TP'ACT ION
139.000 B~I POLRYI °DLARITY TEST
140.000 STA A MSB
141.000 STA A MSBTEM
142.000 •
143.000 •
144.000 •
145.000 • • ••••••••••••••••
146.000 • • BIN~RY TO BCD.
147.000 • • CONVERTER •
148.000 • •••••••••••••••••
14''''.000.
150.000 eLF 0NTTEN
151.000 eLF HNDTHD
152.000 CLR TENTSD
153.000 LDX 010010
154.000 BEGIN LDA A I.ItHTHI
155.000 TAB
156.000 AND A =$O~
157.000 SUI: A ~:$05
158.000 BMI AT
159.000 ADD B 0$03
160.000 AT TBA
161.000 AND A olOFO
162.000 SUB A =$50
lE,3.00U BMI BT
164.000 ADD B 0$30
·165.000 BT STA B UNTTEN



166.000 •
167.000 LDA A HNDTHD
168.000 TAB
169.000 AND A o$OF
170.000 SUB A 0$05
171.000 BMI CT
172.000 ADD B 0$03
173.000 CT TEA
174.000 AND A o$OFO
175.000 SUB A 0$50
176.000 BMI DT
177.000 ADD B 0$30
178.000 DT STA B HNDTHD
179.000 •
180.000
181.000
182.000
183.000
184.000
185.000
186.000 •
187.000 •
188.000 A"SL
189.000 POL
190.000 POL
191.000 POL
192.000 !"OL
19:3.000 DD<
194.000 BNE BEGIN
1'35.000
1'36.000
197.000
1'32. ,jOO
199.000 •
200.000 POLPYI BRA POLARY
201.000 +
202.000 •
20:;:.(1)0+
204.000 •
205.000 BCD L~A A UNTTEN
206.000 AND A oSOF
207.000 STA A INDEX.l
208.000 LDX INDEX
209.000 LDA A O,X
210.000 STA A PIA2AD
211.000 LDA A UNTTEN
212.000 L:S:!"A
213.000 LSR A
214.000 LSP A
215.000 L:S:F.:A
216.000 STA A INDEX.l
217.000 LDX INDEX
218.000 LDA A O,X
219.000 STA A PIA2BD
220.000 LDA"~ ~NDTHD
221.000 qND A =$OF
222.000 STA A INDEX.l
223.000 LDX INDEX
224.000 LDA A O~X
225.000 STA A PIR?AD

LDA A TENTSI'
TAB
SUB A ::$05
BMI ET
ADD B ::$03

ET STA B TEIiTSII

L"SBTEM
t'EI:TEM
UtHTEIi
HtlDTHD
TEtHSII

•
B~'A I:CII

OVPt"1G 1 I:PA
BPA BCD

BF.'ANCHPAT'::H
•••• +.+ ••• + •• + ••••• +
+ BCD TO 7 SEGMENT •
• CONVEPTER •
+ •••••••• + •• + •••••••

II
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226.000 LDA A HNDTHD
227.000 LSR A
228.000 LSR A
229.000 LSR A
230.000 LSR A
231.000 STA A INDEX+1
232.000 LDX INDEX
233.000 LDA ~ O,X
234.000 STA A PIA3BD
235.000 LDA A TENTSD
236.000 SUB A US01
237.000 BLT EI'ID
238.000 LDA A u$80
239.000 ADD A PIA3BD
240.000 STA A PIA3BD
241.000 END JMP CYCLE1
242.000 •
243.000 OVRNGE LDA A uSOD OVERRANGE,RC HIGH, CON F
244.000 ST~ A PIA1ED
245.000 LDA A u$F3
246.000 STA A PIA2AD
247.000 STA A PIA2BD
248.000 STA A PIA3AD
249.000 ~TA A PIA3ED
250.000 JMP CYCLE
251.000 •
252.000 •
253.000 POLARY LDX =$0100
254.000 ER DE:>(
255.000 ENE ER
256.000 LDA A PIA1EC
257.000 COM A
258.000 AND A =$08
259.000 ADD A =$34
260.000 STA A PIA1BC
261.000 JMP RESTAP
262.000 •
263.000 •
264.000 •
265.000 ORG $OCOO
266.000 FCE $7E, $3 0,$;:.[1di7'3,$:33d;-'51J,'f;5F,1;70,'f;7F,'I;73
267.000 ENII
268.000 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 used 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 l6-bit
binary to BCD conversion routine is presented in
Appendix B.
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APPENDIX A
MPU INSTRUCTIONS

ADO"'SSI.C 1iII10n

I_fo DllllEeT I.OEX uuo ...,UfD (All rttittw WlIh • 4 3 Z I •
OPERATIONS MllIIU'OJUC O. - " O. - " •• - " O• - .O. - . ,.tlft.CU •••t,' H I

• Z
V C

Add ADOA 88 , , 98 J , A8 8 , 88 4 J At M-A I ·I I I I
AooB C8 , , 08 J , E8 8 , F8 4 J 8 t M-8 I ·I I I I

Add Acmllu A'A 18 , I A. B ....•A I ·I I I I

Add wITh c..uy ADCA 89 , , 99 J , A9 8 , 89 • J ~.".C-A I
• I

I I I

AOCB C9 , , 09 J , " • , F9 , J 8+"·C-8 I ·I I I I

"". ANDA •• 2 2 •• J 2 A4 • 2 84 4 J A· M-A ·.I I • ·"NOB CO 2 2 O' J 2 E4 • 2 " • J B'M-B ··I I • ·811 TUl BITA 8. 2 2 98 J 2 A8 • 2 8. 4 J A-M ··I I • ·8ITS C. 2 2 08 J 2 E8 8 2 " 4 J 8 - M ··I I • •
C•••• Ct. •• 1 2 " , 3 00 -M ··• S • •

ClRA " 2 I OO-A ·.• S • •
ClMS " 2 I 00 -8 ·.• S • •

Co",par, eM'A 81 2 2 91 J 2 AI 8 2 81 • J A-M ·.I I I I
(MPB CI 2 2 01 J 2 EI 8 2 " • J 8-M ·.I I I I

tompaft Aemltf' C8A 11 2 I A-8 ·.I I I I
Co,.p!'lMnl, I', COM " 1 2 13 , J M-M ·.I I • S

tDMA ., 2 I ~-A ·.I I • S

COMB 83 2 I 8 -8 ·.I I • S

ComplIment 2', NEG 60 1 2 1. , J OO-M-" ·.I I

1"'911') NEG" 40 2 I O6-"'-A ·.I I

NEGB 80 2 I 00 - 8-8 ·.I I
D.tIInal Adlust. A OAA 19 2 I ConwrlS Binary Add. of 8 CO ChH.c1tn ·.I I I

Into BCD f olma1

D,U.IMnt OEC 'A 1 2 lA , 3 M-l-M ·.I I 4 ·DECA 'A 2 1 A - I-A ·.I I • ·DECe SA 2 1 8-1-8 ·.I I ,·hclull'." OR EORA 88 2 2 98 3 2 A8 8 2 88 4 3 AeM-A ·.I I • •
EORB C8 2 2 08 J 2 E8 8 2 F8 • 3 80M-8 ·.I

IfIn(.flmenl INe " 1 2 It , 3 »·I-M ·.I I •
INCA " 2 1 A .1-A ·.I I •
INCB 8C 2 1 Bd-8 ·.I I •

lOld "'emh, LOAA " 2 2 " J 2 A' 8 2 " 4 3 M-A ·.I I • •
lDAS " 2 2 0' J 2 E' 8 2 " , J M -8 ·.I I • •

0, tnclUII"" DRAA 8A 2 2 9A 3 2 AA 8 2 8A • J AtM-A ·.I I ·.DRAB eA 2 2 OA 3 2 EA 8 2 FA 4 3 B +M-8 ·.I I • ·Pulh Oall PSHA J6 , 1 A-MSp.SP-l-SP o • ·.·.
PSH8 31 • 1 8 ..• MSp, SP - 1 ..• SP ·.·.·.

f\lll Daul PULA 32 • 1 SP .• 1 -Sf', IISp- A ·.·.·.
PUlS 33 4 1 SP t l-SP, liSp ..•.B ·.·.·.

Roilif lfll .Ol " 1 1 19 , J ~} CD - D:IIJII];J ·.I I I
ROlA •• 2 1 ·.I I I
ROlB •• 2 1 B C b1 - be ·.I I I

ROlllr Rt",t RD. " 1 2 " , J

~} CO - a:o::rn:r:;::J ·.I I I
RORA •• 2 I ·.I I I
ROAB 56 2 1 8 C b1 - blI ·.I I I

Stllil lffl, Anlhmtlle ASl '8 1 2 18 , J :} - ·.I I I
ASlA '8 2 1 0·- =-0 ·.I I I
AStB •• 2 1 C b1 blI ·.I I I

Stllft R'thl, Afltf'llnflle AS. " 1 2 11 , 3

~}CkTI= - 0
·.I I I

ASRA " 2 1 ·.I I I
ASRB 81 2 1 B ,1 bO C ·.I I I

Stllfl R,gtll, lo.e lS. •• 1 2 " , 3 :} - ·.• I I
lSRA •• 2 1 o-m-o ·.• I I• lSRB •• 2 I ., blI C ·.• I I

SHufAemllr SUA 91 • 2 Al , 2 81 8 J A-M ·.I I • ·STAB 01 • 2 E1 , 2 " 8 J 8-M ·.I I • ·s...blrKI SU8A 80 2 2 90 J 2 AO 8 2 80 • J A-II-A ·.I I I I
SUBB CO 2 2 00 3 2 EO 8 2 fO 4 J B-II ..•.8 ·.I I I I

Sublu(I Aemll" S8A 10 2 I A-B-A ·.I I I I
Sublt .• Ilh tlffY 5BCA 82 2 2 92 3 2 A2 8 2 82 , J A-M-C-A ·.I I I I

58C8 C2 2 2 02 J 2 E1 8 2 F2 • J 8-M-C-B ·.I I I I
T,.nsltr Aemlln TA8 " 2 I A -8 ·.I I • •

18A 11 2 I 8-A ·.I I • •
Test, ltro or IIlnus TST '0 1 2 10 , J M - 00 ·.I I • •T5TA 40 2 I A-DO ·.I I • •T5T8 80 2 I B - 00 ·.I I • •

H I
• Z

V C

Ul;EIO:

0' Optl'lllon eo. (t+uadltwnat),
Nu •••• f of IIPU C,eln,

Numbef 01 ".am 8,1";
Atlthmtlle Ph,,;
Atiltu",',( M,ntn.;
Bool.n AND;

Msr Cont_".f 1M"'" lOUllonpotnt" to be 5tK" Po,nt..-:

.•. Boo!t'ln IneluSlwe OR;
o 800tlln Exelu$lwt OR,
II Compliment of II,

lfand..-Into,
OBit & ltfo;
00 8yte· lifO,

H Hall·taffy hombl' J;
I InltffU911M.

N ••••• ', •• lytnb'l)
2 2"0 (byte)
V O¥lfflow, 2's eom,..,....t
C t.rytrombtll
R A•• t Atwe,.S St,A,-,.
I l"tand "f "ltue. d_td ot__ •

NoIA"_t'"



_ED DIRECT 'IOEX EUIO IMPLIED S 4 1 2 , 0

POIITUIOPERATIOIS ".UIOIlIC D' - • D' - • D' - # D' - • D' - • IOOlUI/AfUTHMETIC QHRATION H I • I V e

ea"..,.lntMI R•• erx ae 1 1 ge • 2 Ae 6 2 ae , 1 XH - M. Xl - 'M.1I • .(j) S I 0

OKfI""nt In_. A" DEX 09 • I X-I-X o •• I
• 0

Dta.mtnl StKk Pn. DES 14 • , SP - I -SP t,'! ··.o • .
lner'".."t In*. R" ,.. oa • , X" 1'" X -It .... ·o • I ·.
InU'mlnl St.:k Pnl, INS 11 • I SP •. 1-5P ·• • 0

o •

l.o.cIln •• R•• LDX eE 1 1 DE • 2 H 6 2 FE , 1 M'" XH.IM •. 11'" Xl ·• (1) I o •
loM$I.""'tr LDS aE 1 1 IE • 2 AE 6 2. aE , 1 M-SPH. 1M •. lI-SPl ·0(1) I 0 0

$101',1*_ R•• STX DF , 2 EF I 2 FF 6 1 XH-M. Xl-1M •. 11 ·• (I) I 0 0

$l0f. SlICk Pntt STS IF , 2 AF I 2 IF 6 1 SPH-M.SPt-tM+ 11 0 o® I 0 0

Inb RII ...•StICk Pnlf TXS l' • I x-I-Sf 0
• 0 • ·0

StICk 'nlf -Ind •. R" TSX 10 • I SP •. I'" X ·...·0

RUATIVE IIOEX UlNa IM'lIED , • 1 2 1 0

OPERATIONS ••• EMoI'C D' - • D' - # D' - • D' - # IRANCH TEST H I • I V e
8flllchNMys aOA 20 4 2 Nont 0 0 0 0 ··Sf.."", II tiff, o. aee 14 • 2 e - 0 0 0 · 0 0 0

BrMeh II c.ry Stt acs 2' • 2 e" I 0 0 0 0 ··."",h It· Z.ro aEa II • 2 z" 1 0 0 0 0 0 0

Brtneh If;" Z"a aGE 2e • 2 N(!lV-O 0 · 0 0 ··.anch U>ZtfO aGT 2E • 2 Z •. 1M <i VI· 0 · 0 0 · 0 0

Brlf'lChltHipr aH' II • 2 c+z·o 0 0 0 0 0 0

Branch It <z.o aLE IF • 2 z •. IN G) VI- 1 0, 0 0 0 0 ·. It.neh If lowtf Or SI,. aLS lJ • 2 C •. Z •• 1 .1 • ·· 0 0

IBnch It <Zero IlT 2D • 2 N(£l V-1 ······Branch It Mu,,,, "" II • 2 N" 1 ·· 0 0 0 0

Br'nch If Not Eqlllll bJa aNE 16 • 2 2" 0 0 0 0 0 0 ·Il'lM(h It Owrflow a.. ave II • 2 v-o 0 · 0 · 0 ·Br.neh If Overflow St1 avs 19 • 2 V- I 0 · 0 0 0 ·Btltl(hlfAus B'L lA • 2 N-o · 0 0 0 0 0

Br.neh To Subroutuw BSO aD a 2 } 0 0 0 ···Jvm. JM' 6E • 2 IE 1 J s.e $pl<l.1 OPfi.t1ons · 0 0 0 0 0

Jump To Subrout". JSO AD a 2 BD 9 1 0 ···· 0

No O,...hon ND' 02 2 1 Adv.nus Prot. en" Only ..... 0

Rft",n From Inl,"up! OTI 1B 10 , --@--
Rllurn From Subroullnl OTS J9 5 I

} ·1 ·>1·1, ·1 .,.Soh ••.• Inl,"up! $WI 1F 11 I s.. Sp.tlll O.,.,.tlons ......
WIIit tor Inhn'upl WAr JE , , ~I@ • '~i 0 •

onRATIOIS
a..c..,
01. Int.rupt ••••a... O_f1ow

Sel elfry
$It Inllrrupt Milk
Set Owrtlow

"emltr A - eeR
eeR - Aemltr A

•• IEMOIIC

ele
ClI
elV
see
SEI
SEV
TA'
T'A

COlO. CODE REG.

~ '4121 a
0' - # IOOUAIOPERATlOI H I I Z V C

OC 2 1 0- C ••••• R
OE 2 1 0 -I • R • • • •
OA 2 1 o-v • • • • 'I •
00 2 I I-C •• • • • $
Of21 I-I .S ••••
08 2 1 l-V •••• S •
06 2 1 A~eeo ---@---
OJ 2' eeo -A 0 I 0 I 0'. I 0/ 0

(BII Sit jf tnt is nu. Il"Idct•••. td oth.nwi.1
Tnt. RMI" IOIX!OOOO'
Tnt: Rnult •. OOOOOOOO'
Test: OKIIMI .•••Iue of molt " ••.••Iiant BCD DIIf.,,« .a.llf thIn nina?INot d •• td II pl"ro'1oully .1.1
Talt: OPtrand •• 0oooooס1 prior 10 uKution?
T.st: Oper.nd •. 01111111 prtor 10 .utution'
Tnt: StI~" to rnult 01 N@C.ft" stutt his oecuntd.
T.It: $Itn bit 01 mosl sigrlltianllMSI byte" 11
T,st: 2'1 compi.fMnt oVllf1'lowhom subtraction of MS bytes'
Tnt· RfluIllta thin mo'I811 15 •. 11
Ut.d Co"J~iiCJft eodl Rt,utts" Ir~m $ud. (SM $pee'" OPff.llons)
$11 whln inttn"ulU otCUI1. II pr,vlously ai, I Non ••• ~Ibia Inl.fup! IS r'Qulttd to 'Jut the 'Mlt sut •.
$11 litcordi", to the cont,nts of AccumulltOf A.



APPENDIX B

BINARY-lO-BCD CONVERSION

A standard technique for binary-to-BCD conversion is
that of the Add 3 algorithm. Figures BI 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.

H~dr.dI T_. Unitt I·Bit B",.ry

11111111, 1111'", ,
""", , , 11111, 0 , 0 11111, 0 , 0 , ,,,,, , 0 0 0 1111, , 0 0 0 , '", , 0 0 • , ,
", 0 0 , 0 0 , ,
", 0 0 , 0 0 , , , ,, 0 0 , 0 , • , • ,, • • , • , • , • ,

NAM DI,.IA21
OPT MEM

1.000
2.000
3.000
4.000
5.000
6.000
7.000
8.000
';1.000

10.000
11.000
12.0uO
13.000
14.000
15.000
10:..000
1<'.(:00
18.000
1'3.000
20.(,100
21.001J
22.000
23.000 •

•••••••••••••••••••••••••••••••••••••••••••••••••••••••
• •
• B HlHr":'( TO !:leD cOtiVERS lOti •
• ADD 3 ALGORITHM •
• 16 Bll •••••••••••••••••••••••••••••••••••••••••••••••••••••••
•

O,":G (I

f'EB Fi:t1B
LSB ,.'~rB

ltiITIAL BINARY tiUM~ER
MOSl SIGNIFICANT 8 BIT~
LEAS1'SIGNIFIC~hl 8 BITS

•••
or;:G $(1(,11 (I

Ut1TTni RMB
HNDTHII RMB
TEtnSD RMB
••

f:CD RES.ULT:;
UNITS AND TENS DIGITS
HUNDREDS AND ThOUSANDS
TEN? OF THOUSANDS DIGl1

St"H

Shift
s....ft
Add J to v",u
Shih

Adcl3 to Un,,,

51\,.,
Shoft

Add 3 to T ••••

5",h
Add 3 to Un,,,

ShIh



24.000 ORG SOFOO ••BE6INNING OF PROGRAM ••
25.000 CLR UNTTEN
26.000 CLR HNDTHD
27.000 CLR TENTSD
28.000 LDX ;~S0010
29.000 BEGIN LDA A UNTTEN UNITS CDMPARISON
:30.000 TAB
31.000 AND A ~SOF
32.000 SUB A ~$05
33.000 BMI AT
34.000 ADD B ~$03
35.000 AT TBA TEhS COMPARISGN
36.000 AND A ::$OF0
37.000 SUB A ~i50
38.000 EMI BT
39.000 ADD B ~i30
40.000 BT STA B UNTTEN
41.000 •
42.000 LDA A HNDTHD HUNDREDS COMPARISON
43.000 TAB
44.000 AND A uSOF
45.000 ~UB A ui05
46.000 BMI CT
47.000 ADD B ui03
48.000 CT TEA
49.000 AND R uiOFO
50.000 SUB A =$50
:.1.000 11'1I DT
52.000 ADD B U$30
53.000 DT STA B HNDTHD
54.000 •
55.000
56.000
57.00u
58.000
5';'.000
60.00l,
61.000
62.00.)
63.000
64.0('0
65.000
66.000
67.000
68.000
69.000
70.000
71.000
72.0('0
73.000
74.000
75.1I00

LDA A TEhTS!1
TAB
.:;:UB A ::$05
Bt11 ET
ADI.! B ::$03

ET .;:TA B TEtnSD
••

f1:sL LSB
i":OL MSE
;:<:OLUNTTEN
~OL HNDTHD
F..OLTENT:HI
DE;":
ENE EE.I~IN

••••
Et·m
r10r"i
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Application Note

AUTORANGING DIGITAL MULTIMETER
USING THE MCl4433 CMOS AID

CONVERTER

This application note describes an
autorange digital multi meter using the
MC14433. The multimeter includes ac
and dc voltage ranges from 200 mV to
200 V, ac and dc current from 2 mA to
2 A full scale, and resistance ranges from
2 kn to 2 Mn full scale.



AUTORANGING DIGITAL MULTIMETER USING
THE MCl4439 CMOS AID CONVERTER

This article describes-. 11ft . autorange digital multimeter
using the MCI4433. The multimeter includes ac and de
voltage ranges from 200 mV to 200 V, ac and de current
from 2 mA to 2 A full scale, and resistance ranges from
2 kil to 2 Mil full scale. The MCI4433 DVM chip used
provides a 3-1/2-digit AID converter with autopolarity,
autozero and a high input impedance. The chip has over-
range and underrange information available to simplify
the design of the autoranging meter. Only two input
jacks are required for all ranges and functions, eliminating
the need for changing leads on the instrument when
changing ranges or functions. Although only four ranges
are provided for each function, the technique used may be
expanded to more ranges if desired.

Range sWitching is done with the use of mechanical re-
lays. The relays may be replaced with solid-state analog
switches; however it was felt that the mechanical relays
would provide a higher degree of reliability due to the high
voltage and currents being measured with the multimeter.

MCI4433 AID CONVERTER

The MCI4433 is a single-chip 3-1/2-digit AID converter
using a modified dual ramp technique of AID conversion.
Housed in a 24-pin package, it features autopolarity, auto-
zero and a high input impedance. Figure I shows the pin
diagram of the MCI4433.

23 }
22 Multlpl.xed
21 BCD Outputs

20

QffMt Corr.ctlon

C.pachor

Dlspley Upd.t.

,.}
18 Die" Select
17 OUtput.,.

The output of the MCI4433 is 3-1/2-digit multiplexed
BCD with the MSD containing not only the half digit but
also the polarity of the input, overrange and underrange
information. Figure 2 shows the decoding for the MSD.
The digit selects for the multiplexed BCD have interdigit
blanking to ensure correct BCD data during the time that
the digit select is true.

The converter is ratiometric and requires an external

Coded Condition \ BCD to 7 S~m.nt
olMSD 030201 ao Decoding

+0 1 1 1 0 Blank
-0 1 0 1 0 Blank
+OUA 1 1 1 1 Blank
-OUA 1 0 1 1 Blank
+1 0 1 0 0 4-,} Hook up
-1 0 0 0 0 0-1 only seg b
+loA 0 1 1 1 7 -1 and c to
-lOA 0 0 1 1 3-' MSD

Notes lor Truth Tabl.
03 - % digit, low lor "1". high for "0"
02 - Polarity: "1":: positive, "0" .= negative
00 - Out of range condition exists If 00 .•• 1. When used in

conjunction with Q3 the type of out of range condition
is indicated. i .•.• 03 = 0 - oA or 03 = 1 - VA.

reference voltage. This voltage is 2.000 volts for the
1.999 volt range and 200 mV for the 199.9 mV full scale
input. Both the unknown and reference inputs and analog
ground are high-impedance inputs. External components
required are two resistors and two capacitors.

The MCI4433 has an End of Conversion (EOC) pin for
indicating the end of one conversion and the start of the
next conversion by a positive pulse 1/2 clock period long.
The device also contains a display update pin which allows
the data to be strobed into the output latches. If at least
one positive edge is received prior to the ramp down
cycle, new data is strobed to the display. Normally this
pin is tied to EOC to allow a data update each conversion
cycle.

The MCI4433 requires two power supplies. The total
voltage must not exceed 18 volts. Pin 13 is the reference
level for the output of the MC 14433. If this pin is tied to
o volts, the BCD output, digit selects and EOC will swing
from 0 volts to VDD' If, however, pin 13 is tied to VEE,
the output swing will be from VEE to VDD'

The clock for the MCI4433 is internal to the chip, re-
quiring only a single external resistor to set the frequency.
An external clock may be used by driving pin 10. The
total conversion time for the MCI4433 is approximately
16400 clock periods. This conversion time includes the
autozero cycle and the unknown input measurement cycle.

EJ
AUTORANGING CIRCUITRY

Figure 3 shows the autoranging DMM. The heart of
the auto ranging circuitry is an MC 14035B CMOS shift
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register which can be configured to shift either right or
left. The direction of the shift is dependent upon whether
an overrange or underrange signal is received at the end of
each conversion. If the meter is in range, no shift signal
is received. For an 'overrange condition, a high level is
clocked to the right, and for an underrange condition
the high level is clocked to the left (see Figure 4). The
Exclusive OR gates decode the shift register output to
produce only one output high. This output is used to
turn on the corresponding range relays.

ao al a2 a3

0 0 0
1 0 0 Not

1 1 0 Used

1 1 1

If at the end of the next conversion the MC 14433 is
still either overrange or underrange, the shift register
receives another clock pulse and thus the next range is
selected. When an extreme overrange or underrange
condition occurs the register is filled with all "ones" or
all "zeros" which selects continuously either the highest
or lowest range. Input voltages that exceed 200 volts as
well as complete overrange conditions for the other func-
tions cause the display to blink on and off. This feature
is provided by the second half of the MCl40l3 flip-flop.
The blinking rate is at half the conversion rate.

Figure 5 describes the functional operation for each
range and function for the multimeter. The 2-volt refer-
ence is used for the ohms function, which means that 2
volts are developed across the unknown resistors at full
scale. All current ranges use the 200-mY reference, while
for voltage both the 200-m Y and the 2-volt reference
are used.

MC14066B transmission gates are used to switch be-
tween the 2-volt reference and the 200-mY reference. A
transmission gate is also used to reduce the integrator
resistor for the 200-mY range. In the current mode,
transmission gates are used to switch the input of the
MC 14433 to the appropriate current-measuring resistor.
This is necessary to eliminate the problem of measuring
the voltage across the contact resistance of the function
switch and relays in addition to the voltage across the
current resistor. MR50 I rectifiers are placed across the
current resistors to limit the power dissipation during
overrange conditions.

A ±6-volt power supply is used for the multimeter,
with the logic sections referenced to the -6-volt level.
This power supply is shown in Figure 6 and uses the
MC7806 and MC7906 three-terminal regulators.

1000 IlF

+~

1000 IlF

~

Voltoge Current R.ist.nce
Roloy Rot Function R.istor Rot Function Me.sur.ment Rot Function Current

Roneo dp UIOd Disploy Divider RonllO dp UIOd Disploy Resistor RonllO dp UIOd Disploy Source

Rl 200mV 199.9 200 mV mV 1:1 2mA 1.999 200mV mA lOOn 2kn 1.999 2V kn 1 mA

R2 2V 1.999 2V V 1:1 20mA 19.99 200 mV mA Ion 20 kn 19.99 2V kn loollA

R3 20V 19.99 2V V 10:1 200mA 199.9 200 mV mA 1 n 200 kn 199.9 2V kn 10llA

R4 200 V 199.9 2V V 100:1 2A 1.999 200mV A 0.1 n 2000 kn 1999 2V kn IIlA
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The circuitry for the ohms section is in Figure 7.
The outputs of the ohms section connect to the function
switch at points W, X, Y and Z. One-fourth of a quad op
amp and a transistor are used to create a current source
for each of the four ranges. The 20-kn pot is adjusted so
that I volt is across the reference resistor. This provides
current sources of I mA, 100 IlA, 10 IlA, and I IlA. A
single pot may be used as shown, or four individual pots
may be used to provide more accuracy by adjusting out
the amplifier offset.

For ac operation, an operational amplifier is switched
in between the MC 14433 and its preceding circuitry. The
op amp configuration in Figure 8 is a precision ac rectifier
that is calibrated to produce the RMS reading for a sine
wave. Following the precision rectifier a single-pole filter
is used to provide a dc level for the MC14433. Upper

and lower frequency limits for ac operation are 30 kHz
and 20 Hz.

A switch is placed in the clock line for a range hold
switch. When in the hold mode, clock pulses are pre·
vented from clocking the MC 140358 shift register. This
feature allows several measurements to be made on a
high range without the multimeter switching back to the
low range between measurements.

The meter must not only be protected from destroying
itself during overrange conditions but must also continue
to make proper overrange measurements so that the next
range may be selected. The analog input to the MCI4433
is internally diode protected. The multimeter has a
lOO-kn resistor in series with this input to limit the cur·
rent during overvoltage measurements.

I251'F



DATA ACQUISITION NETWORKS
WITH NMOS AND CMOS

This article describes an eight-<:hannel
data acquisition network (DAN) using the
Motorola MC14433 CMOS AID converter
and the M6800 microprocessor family.
The AID conversion technique used with
the MCl4433 is a modified dual ramp
featuring auto-zero, auto-polarity, and
high input impedance. Both hardware and
M6800 software are shown for the DAN.

AN- 770
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LSI technology is making it easier and less expensive to
design and build complex electronic systems. This fact
holds true for Data Acquisition Networks (DANs) due to
the new single chip AIDs and microprocessor systems.
Thus, it is now feasible to build your own data acquisition
network instead of buying a completed system, and there-
by save money.

This article discusses an eight-channel DAN using the
Motorola MC 14433 CMOS AID converter and the M6800
microprocessor. The number of channels can be expanded
or reduced very simply. In addition to the eight channel
DAN the program for a single channel system is shown.
The inputs to the system, positive or negative polarity, are
multiplexed with a CMOS analog multiplexer.

MCI4433 AID CONVERTER

The MC 14433 is a single chip 3~ digit AID converter
using a modified dual ramp technique of AID conversion.
Housed in a 24 pin package it features auto-polarity, auto-
zero and a high input impedance. Figure I shows the pin
diagram of the MCI4433.

The output of the MCI4433 is 3th digit multiplexed
BCD with the MSD containing not only the half digit but
also polarity of the input, overrange and underrange
information. Figure 2 describes the decoding for the MSD.
The digit selects for the multiplexed BCD have interdigit
blanking to ensure correct BCD data during the time that
the digit select is true.

The AID converter is ratiometric and requires an ex-
ternal reference voltage. This reference voltage is 2.000
volts for the 1.999 volt range and 200 mV for a 199.9 mV

Integrator R.sistor

& Capacitor

Offset Correction

Capacitor

Display Update

Ext Input

Clock Resistor

full scale input. Both the unknown and reference inputs
and analog ground are high impedance inputs. Other
external components required are clock resistor, inte-
grator resistor and capacitor. and offset capacitor. Precision
components are not required.

Of particular interest for the data acquisition systems
are the display update (DU) and the end of conversion
(EOC) pins. The EOC pin indicates the end of one conver·
sion cycle and the start of the next conversion by a posi-
tive pulse one-half clock period long. The display update
pin is an input to the chip which allows the data to be
strobed into the output latches. If at least one positive
edge is received prior to the ramp down cycle, new data
is strobed to the display. In a stand alone AID system,
EOC is connected to DU.

Also of significance to the data acquisition network is
the input polarity detection sequence for the MCI4433.
Polarity for the current conversion cycle is determined in
the previous conversion cycle. Thus if the polarity is
reversed, a second conversion cycle must be made in order
to obtain a correct measurement.

The MCI4433 requires two power supplies. The total
voltage across the device must not exceed 18 volts. Pin 13
is the reference level for the output circuitry of the
MC14433. If this pin is tied to 0 volts, the BCD output,
digit select and EOC will swing from 0 volts to VDD. If
however, pin 13 is tied to VEE, the output swing will be
from VEE to VDO'

The clock for the MCI4433 is internal to the chip,
requiring only a single external resistor to set the fre-
quency. An external clock may be used by driving pin 10.

23 }
22 Multiplexed

21 BCD Outputl

20

19 }
18 Digit Select
17 Outputs

16

15 Overrange

14 End of Conversion



Coded Condition BCD to 7 Segment
ofMSO 03 02 01 00 Decoding

+0 1 1 1 0 Blank
-0 1 0 1 0 Blank
+0 UR 1 1 1 1 Blank
-0 UR 1 0 1 1 Blank
+1 0 1 0 0

4 ~'}
Hook up

-1 0 0 0 0 0~1 only seg b
+10R 0 1 1 1 7~1 and c to

10R 0 0 1 1 3-1 MSD

Notes for Truth Table
03 - Y,digit, low for "''', high for "0"
02 - Polarity: ",":= positive, "0":= negative
00 - Out of range condition exists if 00 := ,. When used in

conjunction with 03 the type of out of range condition
is indicated, i.e., 03:= a - OR or 03 := 1 - UR.

When only segment band c of the decoder are connected
to the Y, digit of the display, 4, O. 7 and 3 appear as 1.

The total conversion time for the MC 14433 is approxi-
mately 16400 clock periods. This conversion time includes
the auto-zero cycle and the unknown input measurement
cycle. The clock frequency may be operated up to about
400 kHz producing a conversion time of 40 ms.

MPU
The Motorola microprocessor system devices used are

the MC6800 MPU, MCM6810 RAM, MCM6830 ROM and
MC6820 PIA (peripheral interface adapter). The following
is a brief description of the basic MPU system as it per-
tains to the A/D systems presented later in this applica-
tion 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 locations which may be either storage
devices (RAM, ROM, etc.) or interface devices (pIA, etc.).
The basic MPU contains two 8-bit accumulators, one 16-bit
index register, a 16-bit program counter, a 16-bit stack
pointer, and an 8-bit condition code register. The condition
code register indicates carry, half carry, interrupt, zero,
minus, and 2's complement overflow. Figure 3 shows a
functional block of the MC6800 MPU.

The MPU 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 the MC6800
data sheet.

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 +5 volt power
supply; the address bus, data bus and PIAs are TTL
compatible.

The MPU system requires a 2q, non-overlapping clock
such as the MC6875* with a lower frequency limit of 100
kHz and an upper limit of I MHz.

*MC6875 to be introduced second quarter 1977

Vss (Ground) 7 0 Reset
Halt I AC~A I. Three State Control

Phase 1 Clock 7 0 Not.Used
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Phase 2 Clock

Data Bus EnableValId Memory Address
15 0

Non Maskable lnleffupt I I Not Used
IX

Bus Ava,lable Read/WrIte
15 0

VCC (·5 Volt Po ••••.ed I I DO
PC

AO 01
15 0

02Al I IA2·
SP 03 Data

7 0 D'
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A3

~A' 05

Address AS D'
L,nes

A' 07

A7 A15 lMC6800
. AS AI' Address

A9 A13 L.nes

Al0 AI2

All VSS (Ground)

The PIA is the interface device used between the address
and data buses and the analog sections of the A/D. Each
PIA contains two essentially identical 8-bit interface ports.
These ports (A side, B side) each contain three internal
registers that include the data register which is the inter-
face from the data bus to the A/D, the data direction regis-
ter 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 functions, switches the
data bus between the data register and the data direction
register. Each port to the PIA contains two addition pins,
CA I and CA2, for interrupt capability and extra I/O lines.
The functions of these lines are programmable with the
remaining bits of the control register. Figure 4 shows a
functional block of tire MC6820 PIA.

Each PIA requires four address locations in memory.
Two addresses access either of the two (A or B sides) datal
data direction registers while the remaining two addresses
access either of the two control registers. These addresses
are decoded. by the chip select and register 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 register. A logic "0"
accesses the data direction register while a logic "I"
accesses the da ta 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

II
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FIGURE 4 - PIA Functions

"I"s and "O"s into the data direction register. At the The MCI4433 BCD output and digit select outputs are
beginning of the program the I/O configuration is pro- connected to the B side of the PIA as shown in lines 21-28
grarnmed into the data direction register, after which the of the software routine. These lines of the software are
control register is programmed to select the data register comment lines only and do not result in code for the
for I/O operation. microprocessor. The B side data register of the PIA is

labeled throughout the program as PIA I BD while the con-
trol register is labeled PIA I Be. The con trol I/O lines
(CBI and CB2) of the B side PIA are connected to EOC
and DU of the MC 1433.

8-CHANNEL DATA ACQUISITION NETWORK

Figures 5 and 6 are the flow diagram for the 8<hannel
data acquisition network. Figure 5 shows the basic opera-
tion of the program while Figure 6 provides more detail
on the A/D conversion routine. These flow diagrams relate
to the actual software shown in Figure 8. The hardware
required for the data acquisition is shown in Figure 9; as
can be seen, it is fairly simple, consisting of the MC 14433,
MCJ403* reference, MCI4051B analog multiplexer, and
an MC6820 PIA. The PIA is used as the interface between
the microprocessor address and the data bus to the A/D.
The microprocessor and associated memory are not shown
due to a wide variety of forms possible depending upon
the task that the total system is performing.

The reference for the MCI4433 is an MCI403 bandgap
reference which provides an output voltage of 2.5 volts.
This voltage is divided down by the 20 ill pot to the 2.000
volt reference required by the MCI4433. If a 200 mV
reference is used, full scale for the DAN will be 199.9 mV.

The analog multiplexing required to handle the eight
input channels is provided by a MC 14051 B CMOS multi-
plexer. This device selects one of eight inputs with a 3-bit
binary code. The device is capable of switching dual
polarity (plus or minus inputs) with a single polarity
control voltage.

(Endles, loop
at end of main

program)

AID Conversion
Subroutine

(Return efter all
8 chennel.)

Oemux
Circuitry

Subroutine
(Return after •• ch

chennel)



The first executable instruction for the program is in
line 55 and starts a section called PIA assembly. The PIA
sets the A side data register as all outputs and the B side
data register as all inputs. From there the program goes to
the main program simulation which, as its name implies,
is a simulation of the user's main program. At such time
in the user's program that some analog information is
required, the AID conversion subroutine starting in line
75 is executed. This routine synchronizes the program
with the AID conversion cycle and selects the first channel
to be measured.

After the AID conversion cycle for the first channel is
completed the microprocessor is interrupted by the EOC
of the MCI4433. The interrupt program of line 88 is then
executed; this demultiplexes the BCD output of the
\lC 14433 and stores the data in memory. After completing
he inter~pt program the microprocessor returns to the

AID conversion subroutine and the next channel is
selected. When the measurement of channel 2 is com-
pleted, the interrupt program is then executed and the
resulting data stored away in memory. This procedure is
repeated until all eight channels are read, after which the
MPU returns to the main program. At this point the data
obtained in the AID conversion subroutine may be pro-
cessed as required.

Looking at the software for the 8-<:hanneldata acquisi-
tion network in more detail, program storage of the fmal
results begins in memory location $0010. Each BCD
character is stored in the four LSBs of these memory
locations. See Figure 7 for explanation of data storage.
Each of the eight channel readings requires four memory

C"-nnel Memory D8ta Input
Num•••• Add,_ Digit Eumpl8 Vol'-

1 0010 MSD 01 1.729 V
0011 07
0012 02
0013 LSD 09

2 0014 MSD Fl Overrangtl
0015 09
0016 09
0017 LSD 09

3 0018 MSD 08 -0.130 V
0019 01
001A 03
0018 LSD 00

4 00lC MSD 09 -1.130 V
0010 01
00lE 03
001F LSD 00

5 0020 MSD 00 0.000 V
0021 00
0022 00
0023 LSD 00

6 0024 MSD 01 1.000 V
0025 00
0026 00
0027 LSD 00

7 0028 MSD Fl Overr.nge
0029 09
002A 09
0028 LSD 09

8 002C MSD 09 -1.000 V
0020 00
002E 00
002F LSD 00

II
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cycle me maex regIster points to the MSD of that channel.
This address is also stored at memory location called
STORL.

Memory location TEST has two purposes; the first is
for keeping track of which WAI was executed when the
MPU was in the interrupt routine. This is required since
more than one AID conversion cycle is required for each
channel. For the first channel three EOC pulses are reo
quired, while the remaining channels require only two
AID conversion cycles. The extra AID conversion cycle in
the first channel is used to synchronize the AID converter
to the MPU system. The second AID conversion cycle in
the first channel and the first conversion cycle of the
remaining channels ensure that the polarity is correct for
the current input. This is required since the MCI4433
determines polarity in the previous conversion cycle.

Since the display update pin is edge triggered it must
be taken high and low again in each conversion cycle
when the data is to read by the MPU. The DU pin is taken
high prior to the WAI for the measurement and low in the
interrupt routine after the EOC occurs.

As mentioned previously, the multiplexed BCD data
from the MC 14433 is demultiplexed in the interrupt
routine. A "I" is placed in bit 4 of POINTR which is

select occurs to look for the next successive digit select line.
After all four digits are placed in memory the MSD is

checked for overrange. If this condition occurs an SFI is
placed in the MSD for this channel. Otherwise the half
digit and polarity are decoded. Memory location TEST is
now used as a temporary storage location to decode the
polarity. The half digit is placed in the LSB of the MSD
and negative polarity is indicated by placing a "I" in the
MSB of the MSD.

The 8<hannel DAN conversion time is approximately
320 ms with a 400 kHz clock frequency on the MC 14433.

SAMPLE AND HOLD

The dual ramp AID conversion process requires that
the input to the AID remain constant during the conversion
cycle. If it does not, a sample and hold circuit must be
used to insure a constan t input.

SINGLE-CHANNEL DAN

Figure 10 contains the software for a single<hannel
DAN. The hardware will be the same as Figure 8 except
for the analog multiplexing. The program is the same
except for the analog multiplexer control.

1.0DO NAM DWA36
2.000 OPT MEM,OTAPE
:3.000 •
4.000 •
5.000
6.000
7.000
8.000
'3.000

10.000
11.000
12.000
1:3.000
14.000
15.000
16.000
17.000
18.000
l'3.000
20.000
21.000
22.000
23.000
24.000
25.000
26.000
27.000
2:3.000

••••••••••••• +•••••••••••••••••••••••••••••••••••
• 8 CHANNEL DATA AOUrSrION NETWORK IdITH MC144:33 •
• WITH ~JTOPOLARITY •••••••••••••••••••••••••••••••••••••••••••••••••••ORG '1;0000
STORL Rt'l.B2
PO rr-'TF.: l':r·1B 1
TEST RMB 1
•

POINTER FOR DATA STORAGE LOCATI~N
POINTER FOR DIGIT SELECT

ORG :1>4000
PIAIHD R~1E:1
P I A 1 AC RI1B 1
PIAIBII F.:MB1
PIAIBC F.:t'lB1
•
• •• PIA CONFIGURATION •••••••••••••••••••••••••••••••••••••••••••••••••••
• PA7 • PA6 • PA5 • PA4 • PA3 • PA2 • PPI • PAO ••••••••••••••••••••••••••••••••••••••••••••••••••
• LSD MSD • MSB LSB ••••••••••••••••••••••••••••••••••••••••••••••••••• DIGIT SELECT • BCD ••••••••••••••••••••••••••••••••••••••••••••••••••

A SIDE,DATA REGISTER
A SIDE,CONTROL REGISTER
B SIDE,DATA ~E~ISTER
B SIDE,CONT~OL REGISTER



2'3.000 •
::::0.000•
:31.000 •
-32.000 •
:3:3.000•
"34.000 •
:35.000 •
:36.000 •
:37.000 •
38.000 •
:3'3.000•
40.000 •
41.000 •
42.000 •
43.000 •
44.000 •
45.000 •
46.000 •
47.000 •
48.000 •
4'?000 •
50.000 •
51.000 •
52.000 •
5'3.000 •
54.000 •
55.000 OPG
56. 000 CL~:
57.000 CLP
5::;.000 CLF:
5'3.000 CLR
60.000 LDA
61.000 STFl
62.000 LD>=t
63.000 ::;TA
64.000 :;;TFl
65. 000 LD:~;
66.000 CLI
67.000 •
68.000 •
69.000
70.000
71.000
72.000
73.000
74.000
75.000
76.000
77.000
78.000
7'3.000
80.000
81.000
82.000

RESULTS STORED IN ~JCATIONS ~0010-$002F.
€A:rl CHANNEL OCCUPIES FOUR CONSECUTIVE
M~MJRY LOCATIONS WITH ~SD ~IRST.
NEGATIVE POLAFITY INDICATED VIA A
"1' IN t·l.SE; JF THE t·ED.
m·:=:p'pt=tNGE rrmE~TION '·..•IA A~'l "F1" IN
MSD QF EACH CHANNEL.

CH>=tN~EL ELECTI~N V A PIA1AD.
CriANN L NUMBER I CODED IN ~ BINARY
FORM OR CHANNEL 0-7.

:1>0·=;1)0
TE::;:T
PIA1BC
PIA1Er,
PIA1AC
A ::$FF
A PIA1AD
A ~:$:34
A PIA1BC
A PIA1FlC
::lO::;F0

P I A A::SEt'1!::L',
E: :: I DE I:'W'JT::

rmp
JSF: CCit'i".·RT

END flOP
BRA HlD

••CONVRT LDX =$OOOC
SI>; 0000
LDA B :::1;04
:::TAB TEST
LIlA A P fA1BI'
LIlA A ::$37
STA A PIAlBe
I.,) A I
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83.000
84.000
35.000
86.000
87.000
88.000
89.000
90.000
'31.000
92.000
93.000
94.000
'35.000
96.000
97.000
98.000
99.000

100.000
101.000
102.000
10:3.000
104.000
105.000
106.000,
107.000
108.000
109.000
110.000
111.000
112.000
11:3.000
114.000
11'5.000
116.000
117.000
118.000
119.000
120.000
121.000
122.000
123.000
124.000
125.000
126.000
127.000
128.000
129.000
130.000
1:31.000
1:32.000
1:33.000
1:34.000
135.000
136.000

LDA B ::$07
N STA B PIAIAII

LDA A ::$02
STA A TEST
LIlA A ::$37
,:;TA A PIAlBC
i,l.tAI
l'lOP
I.,IAI
DEe B
BPL t'l
IUS

•••
::JR6 '1:0,350
LIlA A :::I.:3F
STA A PIAiEe
L::;P TEST
BCC FIPS:T
LDA A :::£;::34
':;;TA A PIAlBC

BEGHI LIlA A :::U 0
STR A PDItHR
LII:'; $0000

NEXT LDA A PIAIBD
ROP TEST
ADD B TC:ST
nUl
At·m A PO I tHF.:
:E:EO i'ln:r
RSL P!JlriTR
AriD B ::$OF
::;;TA E: 4,:X:
11'1;":
BCe t'IE:-;T
LIlA A I),:",
TAE:
Atm ~ ::$OB
01P ~ ::$0:;
BEO OVRNGE
elR TEST
AND B ::'I;OC
LSR B
LSR B
i...SR B

RO,": TEST
ADD B TE::;;T
COM E:
AND E: ;::181
STA E: 0,;<
BRA FI~iE

O'·..•~NGE LDA A ::IF 1
STA A 0 '~":

~A~~ DIGIT AND PO~ARITY
Ai.. I Grit'lEtn



137.000
138.000
139.000
140.000
141.000
142.000
143.000

xo
Analog VEe
Inputs

-2 to ~2 V
-5

F HiE ::;T:X: STORL
RTI

FIRST LDA A PIA1BD
RTI
ORG i; 0'::5 0
FDB $O.3FO
MON

C
B

Vl A
Vl> lNH

-5
-5

IRO
"Met
R/W

VOO IROA R R/W
OS4 PB7 E <1>2

Co OS3 PB6
AG MC OS2 PBS VSS GndMC14433 OSI PB4 6820
Vx 03 PB3 07
Clk 0 02 PB2 06

01 P81 OS
Clk I 00 PBG 04

VSS OU EOC Data To M6800
Bus System

03
02
01
00

}

Add,."
Bus
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1.000 dAr'1DI,.IA:35
2.000 OPT MEM,DTAPE
3.000 +
4.000 + ++••+•••+
5.000 + .MC14433+
6.000 ++++++++++++.++++++++++++++++++++++++++++++++++.
7.000 + SINGLE CHANdEL DATA ACQUISITION ~ETWORK IdITH •
8.000 • AUTOPCLARITY •
9.000 .++++++++++.+.+.++++++++.+.+ •••••+••++++++••++++

10.000 +
11.000 O~G 10002
12.000 POINTR RMB
13.000 TEST RMB 1
14.000 •
15.000 DRG 14002
16.000 PIAIBD RMB
17.000 PIA1Be RMB
1:3.000 +
19.000 + .+PI~ CDNFISURATIDN++
20.000 ••+++++++++++++ ••••++++••+•••••••• +•••••+••••••••
21.000 • PAl • PA6 • ?A5 • PA4 • DA3 • PA2 • PAl. PAO •
22.000 ••••••••••• +••••••••• +••••••••+•••••+.+•••••++++.
23.000 • ~SD MSD • MSB LSB •
24.000 •••••••••••••• ++••••+••••••••• +••+•••••••• +•••+••
25.000 + DIGIT SELECT • BCD •
26.000 •••••••••• ++••••••+••+++••••+•••••••••••••••••• ++
27.000 •
2:::.000•
29.000 •
30.000 +
31.000 +
'32.000 •
:~:3.000 •
34.000 +
35.000 +
36.000 +
37.000 •
38.000 •
3;".000 •
40.000 •
41.000 •
42.000 •
43.000 •
44.000 •
45.000 •
4E,.000 •
47.000 •
4:3.000 +
4';".000.
50.000 •
51.000 +
52.000 +
53.000 •
54.000 •

~:ESULT:~STO~:ED Hi LOCAT IOtr" :I; 0010-'1:0013
~SD=$0013 1/2 DIGIT 10010
J',...E~:F:ArH:;EHmICATIml "/IA n "Fl" Hi $001 I)

tiEGFtTIVEPOLARIT'( E-mICATED B')"'"1" Hi
i"'EB JC" $0010



55.000 +
56.000 +
57.000 +
5:3.000 ORG
5':;'.000 eLF;
60.000 CL.r::
61.000 CLR
62.000 LDA
63.000 STA
64.000 LD:S:
65.000 CLI
66.000 +
67.000 +
6:3.000
6':;'.000
70.000
71.000
72.000 +
73.000 +
-(-'4.000 CmiVPT
75.000 LDA B
76 • 000 S fA E:
77.000 LIlA H
7::::.000 LDA A
7':;'.000 STA A
:30 • 000 1,.181
:31.000 t-iOP
::::2.000 t._IAI
:33.000 ~iOP
:34.000 1_._1 AI
as.ooo RTS:
:36.000 +
:37.000 +
:3:3.000
::::9.000
90.000
91.000
':;'2.000
':;'3.000
':;'4.000
':;'5.000
':;'6.000
97.000
':<8.000
':;'''''.000

100.000
101.000
102.000
103.000
104.000
105.000
106.000
107.000
10:3.000

:1>0::::00
TESf
P I FlUX:
PIAlBD
A :::1;34
A PIAIBC
:::I;O::::FO

t-iDP
-JS:P C!JtiVRT

EtlIt tiOP
I:r::A Et"H1

ORGi: 0:::5 (;
CL;::
LS~: TES r
E:CC DELA'i
LIlA A :::1;34
srA A c'IAIE'::

BEGHi LDA rl ::'t:1 0
STA 8 P:JHiTR

NEXT LDA A PIAIED
TAB
Atm
BE(I
FlSL
FltiD
::Hi
Ir-r<
Br:l"": t-iE:o<T
LDA A $0010
TAB
AtiD FI ::$ OB
CMF' A ::$0:::

LDi': ::$001;)
~:$04
fEST
PIAIED DUMMY LOAD TO CLEAR INTERRUPT
:::i::,,:F
PIt=llI:C

A POItHR
tiE:":T
F'DItHR
B ::$O~
B 0, >,:



1O'? 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
123.000
124.000
125.000
126.000
127.000
128.000
12,,..0I)U

BEG' DV~:NGE
CL~: TE'S r
·At·m .E: ::.1; oe
LS~: B
LSP E
LSR f;
~:DP TEST
ADII B TE::-T
CDt-1 E
AND B ::$81
ST8 B $0010
B~:A F I~iE

D'v'RtiGE LDF! A ::$F 1
:::TAA $001 I)

FINE ST;>:; STDF.:L
PTI

DELAY LDA A PIAIED
!HI
DR,:; :I; O::::F:::
FDB $0850
:"1:") t~

~~LF DIGIT AND POLARITY
AL I Gt'l:'1EtiT
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Me 1403/1503 Data Sheet, Motorola Semiconductor
Products Inc.
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® MOTOROLA

Interfacing The MC6108 AID To a
Microprocessor -
It's Easier Than You Think!

Prepared by
Dennis R. Morgan
Motorola, Inc. Analog Ie Division

INTRODUCTION
This application note will supplement information in

the MC6108 data sheet by describing the detailed re-
quirements for interfacing the Analog-to-Digital convert-
er to a microprocessor. The hardware requirements, and
the programming necessary to execute a conversion and
read the data, in several different configurations, will be
discussed. The microprocessor used in developing this
application note is the MC6802 (operating off a 3.58 MHz
crystal). a representative sample of the MC6800 family.

Because of the short conversion time of the MC6108,
"Wait" states and "Wait for Interrupt" instructions are
generally not needed with most microprocessors. The mi-
croprocessor can issue a CONVERT instruction, and im-
mediately thereafter, issue a READ instruction, regardless
of whether the MC6108 is read through a port (MC6821).
or read off the bus directly.

COMPEN· GAIN REF
A GNO SATION VREF R IN

26 27 25 24 23

12 10 15 11 14 13 16 2 9
CS CC CLK 5 01 R COOESEL LSB MSB

Sf

MC6108 OPERATION
The MC61 08 is a high-speed, 8-bit, AID converter using

the familiar Successive Approximation technique. Refer-
ring to the block diagram in Figure 1, the device includes
the SAR, 8-bit DAC, comparator, 2.5 volt precision ref-
erence, matched resistors for + 10, +5 and ±5 volt in-
puts, and control logic.

By connecting the internal temperature stable 2.5 volt
reference to the Gain R pin, a reference current of =1
mA is supplied to the DAC. That current is gained up
by x4 by the DAC, and then attenuated by the digital
code from the SAR. The analog input signal is applied
to Rin (for 0 to + 10 volts), or Roft for 0 to + 5 volts, and
the current from that signal is compared with the DAC's
output current by the comparator during the successive
approximation process. The converter will accept a ± 5
volt input by connecting the 2.5 volt reference to Roff,

-COMP i;;
18 21

111
1 28 17

Vcc VEE 0 GNO



and the input to Rin. Other input voltages can be ac-
commodated by using external resistors at Ref In and
+ Comp, instead of the internal resistors, and ground-
ing Gain R, Rin, and Roff. In the circuits tested for this
application note, the analog side of the MC6108 was
configured as shown in Figure 2.

SEE
SPECIFIC
EXAMPLE

VCC
13 DtST

R
S CODESEL

D7 CS

D6 D GND

D5
VEE

D4
MC6108 COMPEN

D3 IT
D2 VREF
D1

GAIN R
DO Rin
CLK AGND

-COMP

~
Rolf

Proper operation with a 5 MHz clock is guaranteed, al-
though with careful attention to detail, clock rates as high
as 10 MHz can be used. The control signals include CiiTP
Select (CS), Clock, Read (R), Start (5), Conversion Com-
plete (CC), Data/Status (O/ST), and Code Select (CodeSel).
The digital inputs and outputs are TTL compatible, with
3-state capability controlled by the above inputs.

Figure 3 shows the timing of the MC61 08 during a con-
version. The clock need not be synchronous with the
other signals, and can run continuously. CS enables the
device, and 5 must receive an active low pulse to initiate
the conversion. The timing requirements are two: 1) CS,
5, and Clock must be simultaneously low for a minimum
of 50 ns (they may go low in any sequence); and 2) at
least one low-to-high clock transition must occur during
the 5 low time. After 5 switches high, the conversion
starts on the next clock rising edge. The conversion re-
quires 7 clock cycles thereafter.

CC (Conversion Complete) switches high at the begin-
ning of the conversion process (when 5, CS, and Clk are
low) to indicate "busy," and switches low at the clock's
rising edge corresponding to the end of the conversion.
The data outputs (07-00) are in a high impedance (3-
state) mode during the conversion, and go active (within
40 ns) after CC switches low. The outputs are also in the
3-state mode whenever CS is high.

Not shown in Figure 3 is the effects of the R (READ)
input. R affects the state of the outputs in that when R is
low, the outputs are active (if CS is low and the MC6108
is not converting), and taking R high puts the outputs into
the 3-state mode. The difference between Rand CS is
that CS, when high, inhibits a conversion, whereas R does
not affect the conversion process. Therefore, in the fol-
lowing examples where the MC61 08 is connected directly
to the microprocessor bus, CS is hard-wired low, 5 will
initiate the conversions, and R will be controlled by the
address decoder when data is to be read. Where the
MC6108 is read through a port, R is hard-wired low.

ADDRESS DECODING
In order for the MC6802 microprocessor to read data

from memory or memory-like devices (the MC6108 is a
"read only" device), the timing requirements of Figure 5
must be satisfied. The requirements arethatthe data from
the MC6108 must be valid while Rm is high, while VMA
(Valid Memory Address) is high (which ensures the ad-
dress to the decoder is valid), and while the E clock is
high.

A

CLK I~+tJ1 !
S I I I

I '---/I-.••------C-O-NV-E-RT-IN-G------.,cc --l....J ------~ _

DO-D7 -W.....- 3.S_TA_TE ---4~

OLD NEW
DATA A = SAR RESET; B = CONVERSION STARTS; C = CONVERSION ENDS DATA
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Oob EOXX
Ea

01b E4XX
Eb

02b
E8XX

Ea
03b ECXX

Eb
Al OOa FOXX

AO 01a F4XX NOTE:MC6108SELECTED

02a F8XX AT11101011OXXXXXX1.

LS155 03a FCXX
ADDRESSESOlUSEDINmE
EXAMPLES.

In the microprocessor circuit used to develop the fol-
lowing examples, the address block E800H-EFFFH was
unused, and so the address ESOl H was chosen for the
MC6108. Since the entire block of lK bytes was free, an
incomplete decoding was possible, simplifying the
decoder. Figure 4 is the schematic of the decoder, which
uses three LS ICs, plus two inverters. Address lines A15
through A7, and AO, are used to activate the MC6108 at
address ESOl H, although any address satisfying the code
1110 1011 Oxxx xxxl will work. If other addresses satis-

DATA
FROMMEMORY
ORPERIPHERALS

fying that code interfere with other devices in the system,
then a more complete decoding involving A6-Al is
necessary.

RiW, E (phase 2 clock), and VMA are also included in
the decoder to satisfy the requirements of the MC6802
microprocessor. The LS155 (along with the LS20) pro-
vides a decode (active low) for each of the 1K blocks from
EOOOH through FFFFH. The LS30 provides the rest of the
decoding, and provides an active low output which is
connected directly to the R input on the MC6108.

2.4 V
0.4 V



CIRCUIT EXAMPLES
The following seven examples include:

- The MC6108 directly on the microprocessor bus,
controlled from a port (MC6821I. and clocked from
an independent, asynchronous clock (examples 1
and 2).

- The MC6108 directly on the microprocessor bus,
controlled from a port (MC6821I. and clocked from
the microprocessor system clock (example 3).

- The MC6108 directly on the microprocessor bus,
controlled with discrete logic rather than a port, and
using an asynchronous clock (example 4).

- The MC6108 data outputs and control lines on a
port, and using an asynchronous clock (examples 5
and 6).

- The MC6108 data outputs and control lines on a
port, and using the microprocessor system clock
(example 7).

All of the examples involve initializing the port where
necessary, reading the MC6108 1024 times, and storing
the 1K bytes in memory. The port (MC6821 PIA) is at the
following address locations: Port AlData Direction Reg.
A @ E480H, Control Reg. A @ E481 H, Port B/ Data Direc-
tion Reg. B @ E482H, and Control Reg. B (Q. E483H. The
1K bytes of data are stored at EOOOH-E3FFH, and those
beginning and ending addresses are stored at
007CH-007FH (for use with the Index Register). The
addresses used for the instructions in the listings are for
reference only.

Address OpCode Mnemonic

01 86 LDAA #$2C
02 2C
03 87 STAA $E483
04 E4
05 83

06 86 LDAA #$EO
07 EO
08 97 STAA $7C
09 7C
OA 7F CLR $7D
08 00
OC 7D
OD DE LDX $7C
OE 7C
OF 86 LDAA #$E4
10 E4
11 97 STAA $7E
12 7E
13 7F CLR $007F
14 00
15 7F
16 86 LDAA $E482
17 E4
18 82
19 87 STAA $E482
1A E4
18 82
1C 86 LDAA $E801
1D E8
1E 01
1F A7 STAA $OO,X
20 00

EXAMPLES 1-4
Examples 1-3 use the MC6821 PIA (Peripheral Interface

Adapter) to provide the start pulse (5) to the MC6108.
Examples 1 and 3 make use of the PIA's ability to output
a single active low pulse at CB2 in response to a "write"
operation to the B port, by loading the B control register
(CRB) bits 5, 4 and 3 with a 101. The pulse width is one
E clock cycle (1.117 jLs). Example 2 uses bit 7 of port A
(PA7) to provide the 5 pulse for those cases where the
CB2 pin is not available. The pulse width is seven E clock
cycles (7.8 jLs) as a result of the instructions used.

Example 4 eliminates the need for a port, instead using
an address decoding technique to provide both the Start
pulse, and the reading of the data.

EXAMPLE #1
Since port B of the PIA may be used for other periph-

erals, with some or all lines as outputs, this program se-
quence involves first reading port B's Peripheral Data
Register, and then writing back the same information, so
as to not disturb the outputs. The write operation creates
the pulse at the CB2. The data from the MC6108 is read
immediately thereafter. See Figure 6 for the schematic,
and Figure 7 for the timing involved.

-Start Read/Store Program-
Load 007C, 7D with EOOO

I
I
I
I
I
I
I

Set Index Register to EOOOH

Load 007E, 7F with E400
I
I
I
I
I
I
I

Read Data at Port 8

Write Data back to Port 8; C82 pulses low
for one E Cycle (S pulse).



Address OpCode Mnemonic Notes

21 08 INX Increment Index Register
22 9C CPX $7E Compare Index Reg. with 7EnFH (E400)
23 7E
24 2C BGE $03 Branch if ,. 0 to $0029
25 03
26 7E JMP $0016 Jump to $0016 - Read Next Byte
27 00
28 16
29 ?? ?? 1K Bytes stored - Next Instruction

ADDRESS
DECODER
(FIGURE 41
- EB01H-

R MC6108

5

MC6821 CB2
PIA ~

EXAMPLE #2
This example involves using bit 7 of the PIA's port A

(PA7) to provide the S pulse. The program sequence in-
volves writing to the A port to bring PA7 low, then high,
and then reading the data from the MC6108. See Figure
8 for the schematic, and Figure 9 for the timing involved.

Address OpCode Mnemonic

00 7F CLR $E481
01 E4
02 81
03 86 LDAA #$80
04 80
05 B7 STAA $E480
06 E4
07 80
08 86 LDAA #$04
09 04
OA B7 STAA $E481
DB E4
DC 81
OD 86 LDAA #$80
DE 80
OF B7 STAA $E480
10 E4
11 80

12 86 LDAA #$EO
13 EO
14 97 STAA $7C
15 7C
16 7F CLR $7D
17 00
18 7D
19 DE LDX $7C
1A 7C

-Start Read/Store Program-
Load 007C, 7D with EOOOH

I
I
I
I
I
I
I

Set Index Register to EOOOH



Address OpCode Mnemonic Notes - -----
1B 86 LDAA #$E4 Load 007E, 7F with E400H
1C E4 I

1D 97 STAA $7E I
I

1E 7E I
1F 7F CLR $007F I
20 00 I
21 7F I
22 7F CLR $E480 Set PA7 = O~
23 E4
24 80
25 86 LDAA #$80 -5 pulse
26 80

setPA7=/27 B7 STAA $E480
28 E4
29 80
2A B6 LDAA $EB01 Read 6108 Data
2B EB
2C 01
2D A7 STAA $OO,X Store 6108 Data
2E 00
2F 08 INX Increment Index Register
30 9C CPX $7E Compare Index Reg. with 7EnFH (E400H)
31 7E
32 2C BGE $03 Branch IF •• 0 to $0037
33 03
34 7E JMP $0022 Jump to $0022 - Read Next Byte
35 00
36 22
37 ?? 1K Bytes stored - Next Instruction

ADDRESS
DECODER
(FIGURE 4)
-EB01H-

R MCS10B

5 DO-D7

MC6821 PA7
PIA ~

EXAMPLE #3
This example is similar to example #1, except that the

microprocessor's system clock (E) is used by the MC6108,
rather than the faster 5 MHz clock. Because of the clock
cycles required by the MC6108 to complete its conver-
sion, 3 No Op instructions (6 clock cycles) are inserted
between the start command (5 pulse), and the reading

of the data. The program sequence involves reading port
B, and then writing back the same information so as to
not affect any outputs. The write operation creates the 5
pulse at the CB2 output. The data is then read (after the
3 No Ops). See Figure 10 for the schematic, and Figure
11 for the timing involved.



Address OpCode Mnemonic Notes

-Start Initialization-
01 86 LDAA #$2C
02 2C
03 B7 STAA $E483 Set CB2 to Output
04 E4
05 83

-Start Read/Store Program-
06 86 LDAA #$EO Load 007C, 7D with EOOO
07 EO i
08 97 STAA $7C I
09 7C I

I
OA 7F CLR $7D I
OB 00 I

OC 7D I
I

OD DE LDX $7C Set Index Register to EOOOH
OE 7C
OF 86 LDAA #$E4 Load 007E, 7F with E400
10 E4 I
11 97 STAA $7E I
12 7E I

I
13 7F CLR $007F I
14 00 I

15 7F I

16 B6 LDAA $E482 Read Data at Poit B
17 E4
18 82
19 B7 STAA $E482 Write Data back!9 Port B; CB2 pulses low
1A E4 for one E Cycle (S pulse)
1B 82
1C-1E 3x01 3 No Ops MC6108 is converting
1F B6 LDAA $EB01 Read 6108 Data
20 EB
21 01
22 A7 STAA $OO,X Store 6108 Data
23 00
24 08 INX Increment Index Register
25 9C CPX $7E Compare Index Reg. with 7EflFH (E400)
26 7E
27 2C BGE $03 Branch IF '" 0 to $002C
28 03
29 7E JMP $0016 Jump to $0016 - Read Next By1e
2A 00
2B 16
2C ?? ?? 1K By1es stored - Next Instruction

ADDRESS
DECODER

IFIGURE 41
-EB01H-

MC6821 CB2
PIA -u--
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EXAMPLE #4
This example does not use a PIA port for either the

start (5) or the Read (H) operation, but instead uses some
gates in addition to the address decoder of Figure 4. Ad-
dress line AO is removed from its place in Figure 4, and
instead implemented as shown in Figure 12 so as to pro-
vide decoding at two addresses (EBOOH and EB01 H). The
microprocessor is made to read address EBOOH, creating
an active low pulse at S. The width of the pulse is 0.56
/-Ls (1/2 E clock cycle), which is wide enough when using

Address OpCode Mnemonic

00 86 LDAA #$EO
01 EO
02 97 STAA $7C
03 7C
04 7F CLR $7D
05 00
06 7D
07 DE LDX $7C
08 7C
09 86 LDAA #$E4
OA E4
OB 97 STAA $7E
OC 7E
OD 7F CLR $007F
OE 00
OF 7F
10 B6 LDAA $EBOO
11 EB
12 00
13 B6 LDAA $EB01
14 EB
15 01
16 A7 STAA $OO,X
17 00
18 08 INX
19 9C CPX $7E
1A 7E
1B 2C BGE $03
1C 03
10 7E JMP $0010
1E 00
1F 10
20 ??

a 5 MHz clock for the MC6108. Due to the requirements
of the MC6108, the minimum clock frequency usable in
this configuration is 2x E clock frequency. Reading the
data, by means of the R input is the same as in the pre-
vious examples. The two LS04 inverters in series with the
lower OR gate provide a propagation delay to allow for
the propagation delay of the address decoder block, thus
preventing glitches at the S input. Figure 13 shows the
timing involved.

-Start Read/Store Program-
Load 007C, ~D with EOOOH

I
I
I
I
I
I

Set Index Register to EOOOH

Load 007E, 7F with E400H
I
I
I
I
I
I _

Read $EBOO- create S pulse through
Address Decode Logic

Increment Index Register
Compare Index Reg. with 7EnFH (E400HI

Figure 12. Reading Data Off The Bus Without a Port-
Example #4



EXAMPLES 5-7
Examples 5-7 use the MC6821 PIA for reading the data

(through its B port) from the MC6108, as well as for the
control. Examples 5 and 7 make use of the PIA's ability
to output a single active low pulse at CB2 in response to
a "write" operation to the B port, by loading the B control
register (CRB) bits 5, 4, and 3 with a 101. The pulse width
is one E clock cycle (1.117 /-,s). Example 6 uses bit 7 of
port A (PA7) to provide the S pulse for those cases where
the CB2 pin is not available. The pulse width is seven E

Address OpCode Mnemonic

01 7F CLR $E483
02 E4
03 83
04 7F CLR $E482
05 E4
06 82
07 86 LDAA #$2C
08 2C
09 B7 STAA $E483
OA E4
OB 83

10 86 LDAA #$EO
11 EO
12 97 STAA $7C
13 7C
14 7F CLR $7D
15 00
16 7D
17 DE LDX $7C
18 7C
19 86 LDAA #$E4
1A E4
1B 97 STAA $7E
1C 7E
1D 7F CLR $007F
1E 00
1F 7F
20 7F CLR $E482
21 E4
22 82
23 01 No Op
24 B6 LDAA $E482
25 E4
26 82
27 A7 STAA $OO,X
28 00
29 08 INX
2A 9C CPX $7E
2B 7E
2C 2C BGE $03
20 03
2E 7E JMP $0020
2F 00
30 20
31 ??

EXAMPLE #5
The program sequence for this example is to write a

DOH to the B port to create the pulse at CB2 (writing to
inputs does not affect them), and then reading the same
port to obtain the MC6108's data. The conversion se-
quence requires one No Op before the read instruction
due to the setup time required by the PIA. See Figure 14
for the schematic, and Figure 15 for the timing involved.

Access Per. Data Reg. B,
Set CB2 to Output
-End Initialization-

-Start Read/Store Program-
Load 007C, ~D with EOOOH

I
I
I
I
I
I

Set Index Register to EOOOH

Load 007E, 7r with E400H

I
I
I
I
I
I

Write OOHto Port B; CB2 pulses low for
one E Cycle (5 pulse)

Required for PIA's setup time
Read port B (Read MC6108)

DIncrement Index Reg.
Compare Index Reg. with 7EnFH (E400H)



E CLOCK

CB2 S
MC6B21 D7 MC6108

PB7 PIA• •• • ENABLE

• •
P80 DO

R IT

5MHz ClK
START

Figure 14. Reading Data Through a Port -
Example #5

EXAMPLE #6
The program sequence for the conversion is to write

to the A port to bring PA7 low, and then high, and then
read the B port to obtain the MC6108's data. The con-
version occurs within the cycle time between PA7 switch-

Address OpCode Mnemonic

01 7F CLR $E481
02 E4
03 81
04 86 LDAA #$80
05 80
06 B7 STAA $E480
07 E4
08 80
09 86 LOAA #$04
OA 04
OB B7 STAA $E481
OC E4
00 81
OE 86 LOAA #$80
OF 80
10 B7 STAA $E480
11 E4
12 80
13 7F CLR $E483
14 E4
15 83
16 7F CLR $E482
17 E4
18 82
19 86 LOAA #$04
1A 04
1B B7 STAA $E483
1C E4
10 83

20 86 LDAA #$EO
21 EO
22 97 STAA $7C
23 7C

3-114

ing high and reading the data, requiring no WAIT or NO-
OP instructions in between. See Figure 16 for the sche-
matic, and Figure 17 for the timing involved.

-End Initialization-

-Start Read/Store Program-
Load 007C, 70 with EOOOH

I
I
I



Address OpCode Mnemonic Notes

24 7F CLR $70 I
I25 00 I

26 70 I
27 DE LOX $7C Set Index Register to EOOOH
28 7C
29 86 LDAA #$E4 Load 007E, 7F with E400H
2A E4
2B 97 STAA $7E
2C 7E
20 7F CLR $007F
2E 00 I
2F 7F I
30 7F CLR $E480 SET PA7 = 0
31 E4

~-32 80
33 86 LDAA #$80 / -Spulse
34 80
35 B7 STAA $E480 Set PA7 ~ 1
36 E4
37 80
38 B6 LDAA $E482 Read Port B (Read MC6108)
39 E4
3A 82
3B A7 STAA $OO,X Store Port B Data
3C 00
3D 08 INX Increment Index Reg.
3E 9C CPX $7E Compare Index Reg. with 7EnFH (E400H)
3F 7E
40 2C BGE $03 Branch IF'" 010 $0045H
41 03
42 7E JMP $0030 Jump to $0030H - Read Next Byte
43 00
44 30
45 ? 1K Bytes stored ~ Next Instruction

Figure 16. Reading Data Through a Port -

Example #6

EXAMPLE #7
The program sequence for this example (using the sys-

tem E clock rather than a 5 MHz clock for the MC610B) is
to write a OOH to the B port to create the 5 pulse at CB2
(writing to inputs does not affect them), and then reading
the same port to obtain the MC6108's data. Between

those instruction 4 No Ops are required to give the
MC6108 the necessary clock cycles to finish the conver-
sion. See Figure 18 for the schematic, and Figure 19 for
the timing involved.



Address OpCode Mnemonic Notes

-Start Initialization-
01 7F CLR $E483 Access PIA's DDRB
02 E4
03 83
04 7F CLR $E482 Set PB7-0 = Inputs

Initialize05 E4
PIA06 82

07 86 LDAA #$2C
08 2C
09 B7 STAA $E483 Access Per. Data Reg. B,
OA E4 Set CB2 to Output
OB 83 -End Initialization-

-Start Read/Store Program-
10 86 LDAA #$EO Load 007C, 7D with EOOOH
11 EO I
12 97 STAA $7C I
13 7C I
14 7F CLR $7D I
15 00 I

I16 7D I
17 DE LDX $7C Set Index Register to EOOOH
18 7C
19 86 LDAA #$E4 Load 007E, 7t with E400H
1A E4 I
1B 97 STAA $7E I
1C 7E I
10 7F CLR $007F I
1E 00 I
1F 7F I
20 7F CLR $E482 Write OOHto fort B; CB2 pulses low for
21 E4 one E Cycle (S pulse)
22 82
23-26 4x01 4 No Ops MC6108 is converting
27 B6 LDAA $E482 Read Port B (Read MC6108)
28 E4
29 82
2A A7 STAA $OO,X Store Port B Data
2B 00
2C 08 INX Increment Index Reg.
2D 9C CPX $7E Compare Index Reg. with 007EnFH (E400H)
2E 7E
2F 2C BGE $03 Branch IF '" 0 to $0034H
30 03
31 7E JMP $004B Jump to $0020 - Read Next Byte
32 00
33 20
34 ? 1K Bytes stored - Next Instruction

CB2 E CLOCK

MC6821 PB7 07 MC6108• • PIA• • ENABLE• •PBO 00

if

IT

START

Figure 18. Reading Data Through a Pll'rt-

Example #7



OTHER EXAMPLES
Figure 20 illustrates a method for controlling several

MC6108 AID converters. The four devices are perma-
nently enabled (CS = low) as shown in Figure 2. The PIA
is set up to output a single active low pulse at the CB2
pin, as described prior to Example #1 in this application
note, to initiate the conversion. The convert command (S
pulse) is provided to all four converters simultaneously.
The address decoder, composed of the 74LS30, LS04s,
LS11, and LS155, results in one of the four converters
being read by the microprocessor, depending on which
address (EBOO through EB03) is selected. It should be

CB2
MC6821

PIA

lSl1 Eo Ooa EBOO

Ea 01a
EBOI

02a
EB02

Al 03a
EB03

AO lS155

noted that the decoder shown in this example is incom-
plete, as address lines A7-A2 are not included. Each in-
dividual application will determine the need for more
complete decoding.

Some variations of the circuit shown are:
1) Extend the decoder to include address line A2, and

use one line of the other half of the LS155 (only the
"A" half is shown) to provide the 8 pulse to the
converters, eliminating the need for the PIA.

2) Use the other half of the LS155 to provide individual
8 pulses to each converter.

ClK 07•
S MC6108 •DO
R

ClK 07•
S •MC6108 DO
R

ClK 07•
S MC6108 •DO
R

ClK 07
•

S MC6108 •DO
R

Figure 21 illustrates an additional configuration for con-
trolling several MC6108 AID converters. In this case, the
MC6821 PIA is used to both initiate the conversion, and
read the data. The active low pulse at CB2 is provided to
all the converters simultaneously. The selected MC6108
is then activated by bringing its READ pin low, by means
of the appropriate line at the A port. The data is then read
through the B port, and then the READ input is taken high.
The remaining pins of each MC6108 are connected as
shown in Figure 2.

Figure 22 illustrates the circuitry for reading in an ana-
log signal, processing it according to the system require-
ments, and then producing an analog signal out by
means of the DAC-08 D/A converter. The digital data to
be converted to analog is stored in the 74LS273 octal
latch when its CP input receives an active low pulse from
the address decoder. In Figure 22, the latch is considered
a "write only" location at address EB01. On the rising
edge of the CP pulse, the data is transferred to the DAC-
08 by means of the Q outputs. The output of the DAC is
a current proportional to the reference current and the
digital data presented to it. The op amp converts that
current to an output voltage by means of the feedback
resistor Rx (Max Vout = Rx x 2 mAl.

The reference current for the DAC-08 is supplied from

the MC6108's reference supply (Vref). Settling time of the
output voltage is approximately 1 J1-swith any of the
currently available fast op amps, such as the MC34001
family, MC33070 family, MC34074 family, or the MC34080
family. The DAC-08 can be powered from the same + 5
and - 5.2 volt supplies used for the MC6108.

The MC6108 receives its Start command (8 pulse) from
an MC6821 PIA's CB2 output,. as described in Example
#1. Since the MC6108 can be considered a "Read Only"
memory location, and the 74LS273 latch a "Write Only"
location, they are placed at the same address (EB01 in
Figure 22), but set to respond to Read and Write com-
mands (LDAA and STAA for the MC6802 MPU). In Figure
22, the address decoder is the same as in Figure 4, except
that the RNV line has been relocated. Reading the MC6108
is the same as in previous examples. When writing to the
74LS273 latch, the output pulse from the decoder (at the
upper LS32 gate) is shortened to 300 ns to ensure that
its rising edge occurs while data on the data bus is still
valid.

D

The examples have shown that interfacing the MC6108
AID converter to a microprocessor is a relatively simple
process. The flexibility asso'ciated with the various control
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5 MHz CLOCK CLK D7
•

MC6108 •DO

co
Q

'" { 07 CB2 CLK'"o~ •>-u MC6821~ • PA3 5 MC6108
"oi DO PIA

PA2 R
PB7 PAl•• PAO CLKPBO

5 MC6108

R

CLK

5 MC6108

R

lines allow several combinations of a port and address
decoder to be used for controlling the converter, and for
reading the data.

The examples indicate there is an inverse relationship
between the amount of hardware and the length of pro-
gramming required. Each individual application will de-
termine the right combination of the two.

The MC6108's high speed (1.8 jLs) facilitates program-
ming the system since interrupts and long wait states are

VOUT
Max Vaut
Rx x 2 mA

NOTE: MC6108 and 74LS273
selected at 1110 lOll OXXX XXX,
Address ESOl used in this
example. All inverters are LS04.

generally not required. In most cases, the READ instll'c,
tion can immediately follow the CONVERT instructions.

REFERENCES
- MC6108 Data Sheet, 1986
- MC6802 Data Sheet, 1979
- MC6821 Data Sheet, 1978
- DAC-08 Data Sheet, 1986




