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Description

The MicroMixer is an electronic device whose function isto mix two servo signals
from a conventional pulse width modulation (PWM or PPM) radio control receiver to
produce the sum and difference signals.

The MicroMixer performs all of its functions within a small microprocessor under
software control. Other than the microprocessor there are only two other components,
a ceramic resonator to provide a clock reference for the microprocessor and a six way
dual inline switch to enable the user to set various operating parameters for the
software.

The MicroMixer is encased in heatshrink plastic tubing with a cutout for the dual
inline switch access. Two signal input leads enter at one end and two signal output
leads emerge from the other end.

The MicroMixer is extremely functional for such asimple circuit and is one of the
few, if not the only mixer to implement a mathematically correct mixing agorithm.

Basic Theory

Conventional recreational radio control systems use a system of data transmission
known as Pulse Position Modulation (PPM), also known as Pulse Width Modulation
(PWM). This term describes the manner in which the control position information is
packaged prior to modulation onto the RF carrier and transmission to the target model.

In R/C terminology a channel refers to asingle control, so atransmitter capabl e of
sending the positions of 8 controlsis called an 8 channel transmitter. The control
positions are sent as seria pulses, one pulse for each control and packaged into a
nomina 20mS frame. Each pulseis nominally 1.5mS wide and full control deflection
will vary the pulse width from 1mSto 2mS.

The simplest receiver decoder simply routes the pul ses to the appropriate servos.
Servo is R/C terminology for the control positioner, which accepts the pulses from the
receiver decoder and positions it's mechanical output according to the pulse width. A



single servo therefore sees a series of pulses, each arriving every 20mS and of a
duration of 1 to 2mS.

Mixing

The purpose of a mixer isto combine two channels of data from aradio control
receiver in alinear fashion to produce two channels of information for delivery to the
servos. This mixer can do thisin one of two different ways.

Mixing "into" involves taking a fraction of one channel and adding it to the other
channel. An example of "mixing into" would be manoeuvring flaps where an elevator
input causes flaps to move but aflap input has no effect on the elevator.

Mixing "with" involves adding a fraction of one channel into the other and subtracting
afraction of the other channel from the first. An example of "mixing with" would be
flaperons where an aileron input causes the flaperons to move differentially and a flap
input causes the flaperons to move together. Other examples are V-tails (rudder and
elevator) and Delta (elevator and aileron). A more esoteric use isto mix aileron into
elevator on an aerobatic airplane to prevent torsional fatigue of the airframe.

If we call the two input channels ChX and ChY and the two outputs ChA and ChB
and then consider for the moment the most basic form of mixing.

ChX and ChY are added and the result divided by two to produce the first output,
ChA. Similarly, ChX and ChY are subtracted and the result which is the difference
between ChX and ChY isdivided by two to produce the second output, ChB. This
scheme works well and it is not possible to drive the servos past their limits. It is
however, limited to mixing equal amounts of ChX and Chy.

In most applicationsit is desirable to be able to ater the amount of mixing to afigure
other than 100% (equal amounts). The problem is then the divide ratio, which isno
longer two. The sum and difference signal must be divided by afigure that provides
for maximum servo deflection without over-ranging. To do this the following formula
is used;

Mixing Y with X, aproportion of ChY is bi-directionally mixed with ChX
ChA =(ChX +r* ChY)/(1+r)
ChB=(ChX -r* ChY)/(1+r)

Mixing Y into X, aproportion of ChY is uni-directionally mixed into ChX
ChA =(ChX +r* ChY)/(1+r)
ChB = Chy

wherer isthe mixing ratio, a number from 0 to 1
The program in the MicroMixer implements these formulas for mixing ratios from

one to eight eighths. A mixing ratio of zero is not catered for since not using the mixer
would accomplish the same thing.



Operation
Setting the switches
The MicroMixer has six switches that must be set prior to use. Each switch is either

ON or OFF and the relevant position is shown printed on the switch body. The
function of each of the switchesis asfollows;

Switch On Off

1,23 Mix ratio (3 bit)

4 Mix with Mix into

5 Mix ChY with/into ChX Mix ChX with/into ChY
6 ChB normal ChB reversed

Themix ratio is specified in eighths with zero being 8/8ths mix. The switches are set
as a binary representation in the following manner;

Ratio Swl Sw2 Sw3
8/8 off Off Off
1/8 On Off Off
2/8 Ooff On  Off
3/8 On On Off
4/8 Ooff Off On
5/8 On Ooff On
6/8 Ooff On On
7/8 On On On

Connecting the mixer

The mixer is supplied with two input leads at one end and two output leads at the
other end. Connect the two servos to the output leads. Plug the two input leads into
the receiver sockets that correspond to the channels to be mixed.

Power the radio system and ensure that the mixer is functioning correctly. If so, then
the installation is complete.

On rare occasions the servos will operate slowly and with ajerking motion. Thisisa
consequence of how the software in the microprocessor measures the width of the

input pulses. If the two input channels are very close to each other in the pulse

sequence there may not be enough time for the processor to complete it's calculations

before the next pulse arrives. Under these conditions it takes two frames to acquire the
two input pulses with the result that the output pulses are produced at half the
frequency that they should be and the servo response is therefore sluggish.

The cure is simple. Reverse the input connections and reset the switches to suit the
new arrangement.



Specifications

The following basic specifications are applicable to the MicroMixer V1.0 currently

shipping.

[nput/Output

2 channels of pulse width modulated information in and out
1500us neutral pulse width, 500us deviation, 20ms frame
width. Constructors with a programmer can alter this by smply
changing the equates in the program. Persons purchasing
prebuilt units or precoded micros can specify variations.

User interface 6 way dual inline switch.
Mixingratios 1 to 8in eighths, selectable by switch

Mix types
Mixing order
Reversing
Resolution

Power
Size
Construction

Connectors

Mix into and mix with, selectable by switch

Selectable by switch

One output channel can be reversed, selectable by switch
lus equivalent to 10 bits over the servo operating range or 11
bits total

2.510 6.5volts at 2mA nominal

12mm x 17mm

Fibreglass pcb, double sided & plated through holes,
silkscreened and solder masked, surface mount technology.
Solder pads
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B I S S S S

Program
Functi on
Aut hor

Language

Pl

atform

M XERSMT. ASM

R/ C Servo M xer (SMI Version)
Engr. John F. Fitter B.E.

Pl C Assenbl er

PIC 16C84, 16F84 or 16C61
28apr97 O ginal

01j un98 Revised for new pcb | ayout

Copyright ¢ 1997-98 Eagle Air Australia Pty. Ltd. Al rights reserved
(Sone code fragnents are based on application notes and other public sources)

B S I I R I O O

; Revi sions

*
*
*
*
*
24may97 Fixed problemwi th sensing chl pul se | eadi ng edge *
*
*
*
*
*

; This program m xes two servo signals to produce sum and difference signals. The signals can
; be mixed with each other or into each other as described bel ow. |Input signals are pul se
; trains repeated at 20 to 25ns intervals. Each pulse is nominally 1.5ms +/- 0.5ns.

; Pulses are represented in the programby signed integers representing the pulse width
; deviation fromthe neutral pulse width in processor clock cycles (fosc/4).

ol f
; fromthe neutral

M

M

r is the mxing ratio, a nunber fromO to 1, and ChN is the signed deviation of channel N

pul se wi dth, then;

xing Y with X a proportion of ChY is bi-directionally mxed with ChX

ChA = (ChX + 1 * ChY) / (1 +r)
ChB = (ChX - r * ChY) / (1 + 1)

xing Y into X, a proportion of ChY is uni-directionally mxed into ChX

ChA = (ChX + 1 * ChY) / (1 +r)
ChB = ChY

; If Ris an integer from1l to 8 representing the proportion of mix with 8 being a nmixing ratio

;oof 1,

M
M

xing Y with X

xing Y into X

then the relations are as foll ows;

ChA = (8 * ChX + R* ChY) / (8 + R
ChB = (8* ChXx- R* ChY) / (8 + R
ChA = (8 * ChXx + R* ChY) / (8 + R
ChB = ChY

; This is the formused by the program

An exanple of mixing "with" is flaperons where aileron input causes the flaperons to nove in
opposite directions and flap input causes the flaperons to nove in the sane direction.

An exanple of mixing "into" is manouvering flaps where el evator input causes the flaps to
move but flap input effects only the flaps and not the el evator.

; ADL6 configuration switch is used for field alteration of operating paraneters.
; Each switch is wired as nornally open / close to ground.

; Switch On o f

;01,2,3 Mx ratio (3 bhit)

4 Mx with Mx into

. 5 Mx Chl with/into ChO Mx ChO with/into Chl

6

ChB nor nal

ChB reversed

; Mx ratio is specified in eighths with zero being 8/ 8ths mix. To get zero mx
; do not install the mixer !!

;o Stimulus files:

; Program equat es

list
expand

m xer O1. sti I nput A = 1.5ns/20mns I nput B = 1. 5nms/20ms

EIEE R R S S S I S R R R R S I O S R I O R O O

*

EIEE R R S S R R R R S S R S O

p=16F84, r=dec, b=6, x=CFF

; Systemtypes are assenbler command |ine defines.
futaba, jr, nmultiplex, hitech, psa

1

CPU
SIM
CLK

equ
equ
equ
i ncl ude
__config

1684

0 ; Change timng consts for sinulator
4000 ; clock speed in KHz

"el6f84.inc" ; include enhanced defines for 16C84

_CP_OFF & _PWRTE_ON & WDOT_ON & _HS OSC ; configuration fuses
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i fdef f ut aba
PW CTR equ 1200 ; Centre pulse width in us
PW DEVN equ 500 ; Pulse width deviation in us
el se
i fdef mul ti pl ex
PW CTR equ 1350
PW DEVN equ 500
el se
PW CTR equ 1500 ; default: JR, PSA, Airtronics
PW DEVN equ 500
endi f ;o mul tiplex
endi f ; futaba
cPwW equ PWCTR * CLK / 4000 ; Centre pulse width in clock cycles
PWD equ PW DEVN * CLK / 4000 ; Pulse width deviation in cycles
FALSE equ 0 ; Logi cal equates
TRUE equ 1
; Interrupt control register
I NI _I NTCON equ B’' 00100000’ ; initial val ues
; TOIE =1 (TMRO o/ f int enabl ed)
; others =0
I NI _OPTION equ B’ 10001010’ ; Option register initial values
; *RBPU = 1 (PortB pullups disabl ed)
; PSA = 1 (prescaler to W)
;o VDT =2 (WDT rate = 1:4)
; others =0

B I O S R S O R R O R

1

;. Port

pi n assignments

*

B O S S O R O

1

INl_DI RA
I Nl _DI RB

bi t
bi t
bi t
bi t
bi t
bi t
bi t
bi t
bi t
bi t

equ
equ

B_CHA,
B_CHB,
B_CHO,
B_CHI,
B_RATO,
B_RATL,
B_RAT2,
B_MXTYP,
B_MXORD,
B_BDI R

x
—+
—

PORTA
PORTA
PORTB
PORTB
PORTB
PORTB
PORTB
PORTB
PORTB
PORTB

NOoOONMNRFPOWANW o o

1

1

1
1
1
1
1
1
1
1
1
1

Initial PAdir’'s - all outputs
Initial PBdir’'s - all inputs
Channel A CQutput port bit
Channel B CQutput port bit
Channel O Input port bit
Channel 1 Input port bit

Mx ratio |sb

Mx ratio isb

Mx ratio msb

M xi ng type

M xi ng order
ChB direction

EIE S I I b I S I S Sk I S I S I I R I I I S S I I O I I S I I S I I

1

; Working registers

EIE S I I b I I S S I I Sk I I S I I S I S I I S I I S I S

1

user _regs
H BYTE
LOBYTE
EXBYTE
TEMP
TEMPO
TEMPL
Bl TCOUNT
CHO_IN
CHL_IN
CHA_oUT
CHB_OUT
M X_RATI O
TI MER_H
FLAGS

bi t

bi t

bi t

bi t

org
res

res

res

res

res

res

res

res

res

res

res

res

res

res

B_SI GN,
B_M XTYP,
B_M XORD,
B_BREV,

0x0c

1

1

1

3

2

2

1

2

2

2

2

1

1

1

0, FLAGS
1, FLAGS
2, FLAGS
3, FLAGS

1

1
1
1
1
1
1
1
1
1
1
1

*

arithnmetic working registers

Channel O Input register 16b
Channel 1 Input register 16b
Channel A CQutput register 16b
Channel B CQutput register 16b
Proportion of mxing

Timer high byte

Program bit fl ags

Sign flag for signed arithnetic
M xi ng type flag

M xi ng order flag

B reverse flag

IR I I Sk I S Sk S I I kS R I S I I S I S I I S S I S I S I S I I I Ok I I S I S I I I

1

; Macros

*

IS I I b S I S S S I S b I S I S I S R I S I S I S I S I S S S I S S I I b I I S I I S I I I

1

; Macro to nove 16 bit

literal to register

pair _dest16 and _dest16+1

Page:
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novl f 16 macr o _dest16, _literal 16
mov| w H GH((_literal 16) &xffff)
nmovwf (_dest 16) &Ox 7f
mov| w LON(_literal 16) &xffff)
nmovwf (_dest 16+1) &0x 7f
endm

; Macro to nove 16 bit source register

novff 16 macr o
nmovf
movwf
nmovf
movw

endm

_srcl6, _dest16
(_srcl6) &0Ox7f, W
(_dest 16) &Ox 7f
(_srcl6+1) &0x7f,
(

_dest 16+1) &0x 7f

w

pair to _destl16 and _dest 16+1

B I S S O I

1

; Interrupt service routine - only TMD interrupts are used

B I S S S R O R O

1

org
intvec clb
i ncf

retfie

_intvec
B_TOI F
TIMER H F

1

1

clear the interrupt flag
maintain the 16 bit tinmer

*

BN I O S S R O R

1

: Processor initialisation
IR R R R R R R R R R R R RS R R R R R R R R R R R R R R R R R R R R R R SRR R R R R EEEREEEEEEEEEEEEEEEEEEEE R R R

1

init seb
nov| f
nov| f
nov| f
clb
clb
seb
clb
clb

B_RPO

OPTI ON_REG, | NI _OPTI ON

TRISA, IN_DIRA
TRISB, |NI_DIRB
B_RPO
| NTCON
B_TOI E
PORTA
PORTB

1
1
1
1
1
1
1
1
1

sel ect bank 1
option bits

data directions for port A
data directions for port B

sel ect bank O

clear interrupt contro

and enable tiner

register
interrupts

clear port A latches
clear port B latches

*

Bk O S S R S O R O R S

1

; Main program | oop

*

B I S O I

1

mai n

mai n_init cl rwdt
cal
cal
cal
cbs
cal
cbs
cal
goto

Name: pul se_in

code.
interna

service routine

will be in error
because of tiner

procedure polls the input channe
for the input bit to go low at which tinme it
overheads than using Port B change interrupts and uses about the sanme anmount of program
Port B change interrupts have a timng uncertainty of 3 cycles for
synchroni sation which is no better than the polled nmethod. G her problens with the
interrupt driven nethod are related to the follow ng;

Fur t her nor e,

Reading a 16 bit tinmer
The picl6c84 only has an 8 bit tiner.

This works wel | .
be read while the tiner continues to run
overflow then the high byte wll

pul se_in
get _config
cal c_pw

B_M XORD, swap_i nputs

m x_ch

B_BREV, reverse_B
pul se_out

mai n_init

bit until

reads the tiner.

cl ear watchdog (72ms tineout)
get the input pulse wdths

get the configuration swtches
cal cul ate input pul se deviations

swap channels if

order is 0i/wi1l

performthe mxing
reverse ChB if required
send t he out put pul ses
end of main program | oop

Procedure to acquire the input channels 0 and 1 pul se wi dths

The procedure is designed for speed and accuracy and so is witten in inline code.
it goes high then zeroes the tinmer and waits
This method has fewer

To maintain a 16 bit tiner the program nust nanage
the upper 8 bits in software and increnment the high byte in the timer overflow interrupt
Readi ng the tiner is the problem because two bytes nust
If a read process is begun just before tiner

be incremented in the mddl e of the process and the result
by 256. Even if the interrupts are disabled the sane problemw ||
rol l over without high byte updating.

The solution is to stop the timer which can be done for three instruction cycles by witing

EIEE R S R S S I S R R S R I O S R S O R O O

L I . S I . N R N T S R .

Page:
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13:18:48

to the tiner register.
stopped | ong enough to read the 16 bit val ue.

1
1
1
1

pul se_in clrf TI MER_H
cl rwdt
bbs B CHO, $-2
cl rwdt
bbc B CHO, $-2
clrf TMRO
clb B TOIF
seb B GE
cl rwdt
bbs B CHO, $-2
clrw
i orwf TVMRO, F
nmovf TVMRO, W
nmovwf CHO_| N+1
nmovf TIMER H W
movwf CHO_I' N
clb B GE
bbs BGAE $-2
clrf TI MER H
cl rwdt
bbc B CH1, $-2
clrf TMRO
clb B TOIF
seb B GE
cl rwdt
bbs B CH1, $-2
clrw
i orwf TVMRO, F
nmovf TVMRO, W
nmovwf CHL_| N+1
nmovf TIMER H W
movwf CHL_IN
clb B GE
bbs BGAE $-2
return

ORing the tinmer with zero acconplishes this and the counter is *

*

*

B I O S I R S S R O R

clear tinmer high byte

ensure ChO input is |ow
wait for ChO to go high
clear the tiner |ow byte,
and the overflow fl ag
and enable the timer interrupts
then wait for ChO to go | ow

wite to TVRO wi thout changing it
then read TMRO - the clock is now
stopped for 3 instruction cycles

so quickly grab the timer count

then disbale the interrupts
(recomended nethod for picl6c84)

clear tinmer high byte

wait for Chl to go high
clear the tiner |ow byte,
and the overflow fl ag
and enable the timer interrupts
then wait for Chl to go | ow

wite to TVRO wi thout changing it
then read TMRO - the clock is now
stopped for 3 instruction cycles

so quickly grab the timer count

then disable the interrupts
(recomended nethod for picl6c84)

EIE S I I b I I S I I Sk I S I S I I O I S I S S S S I S S I I I S I O S I S I I

Nanme: m x_ch

; Procedure to mx channels 0 and 1 to produce channels A and B *
; Regi sters used = W LOBYTE, H GHBYTE, EXBYTE, TEMP, TEMP+1, TEMP+2, TEMPO, TEMP1 *
; St ack useage =2 *
m x_ch movf f M X_RATI O, TEMP ; conmpute R * ChY

nmovff 16 CH1_I'N, H BYTE

call nmpy16b8

novff 16 H BYTE, TEMP1 ; and save in a safe place

nov| f TEMP, 8 ; conpute 8 * ChX

nmovff 16 CHO_I'N, HI BYTE

call nmpy16b8

novff 16 H BYTE, TEMPO ; and save in another safe place

nmovff 16 TEMP1, TEMP ; conpute 8 * ChX + R* Chy

call addl6

movf f M X_RATI O, TEMP

addl f TEMP, 8 ; conpute 8 + R

call di v16b8 ; ChA

nmovff 16 H BYTE, CHA_OUT

bbc B M XTYP, _mix_chO ; if mxing type is "mix with"

nmovff 16 CH1_IN, CHB_OUT ; then ChB = ChY

return
_mx_chO novff 16 TEMPO, HI BYTE ; retrieve 8 * ChX

novff 16 TEMP1, TEMP ; retrieve R* ChY

call sub16 ; conpute 8 * ChX - R * ChY

movf f M X_RATI O, TEMP

addl f TEMP, 8 ; conpute 8 + R

call di v16b8 ; ChB

nmovff 16 HI BYTE, CHB_QUT

return

Page:
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EIEE R R S S I S R S I S R S O R S O

Nare: pul se_out
Procedure to send the Channels A and B out put pul ses

Regi sters used W LOBYTE, H GHBYTE, TEMP, TEMP+1
St ack useage ?2??

IR R S S O

I
O

pul se_out novff 16 CHA_QUT, HI BYTE ;. ChA
novl f 16 TEMP, CPW
call add16 ; add in the centre pulse width
seb B_CHA ; set output high
call del ay ; leave high for H BYTE: LOBYTE cycl es
clb B_CHA
novff 16 CHB_QUT, HI BYTE ; ChB
novl f 16 TEMP, CPW
call add16 ; add in the centre pulse width
seb B _CHB ; set output high
call del ay ; leave high for H BYTE: LOBYTE cycl es
clb B _CHB
return

IR E R R O R R I S R S I O O

Nare: del ay
Procedure to delay H BYTE: LOBYTE cycl es

The procedure enables the tinmer and tinmer overflow interrupts. The tiner is operated as a
16 bit up counter and is preloaded with the negative of the desired tinmeout value in cycles
adj usted for overheads.
Over heads are ; 2 cycles to call procedure

31 cycles to load the timer and start it

2 cycles to respond to timer high byte overflow

7 cycles to tidy up and return (if GE resets first try)

1 cycle in calling procedure to reset the output bit

IR R S S R R O R I I R I S S R S I

* 0% % ok Ok X X Xk X X X X

del ay novl f 16 TEMP, -43 ;4 allow for overheads
cal | addl6 ;9
call negl6 ; 10 negate tinme to allow up count
movf f H BYTE, TIMER_H ;2 |l oad the tiner registers
clrf TMRO 1 prevent premature interrupts
clb B TOIF 1 cl ear any pendi ng overfl ows
seb B GE ;1 enable interrupts
novf f LOBYTE, TMRO ;2 timng starts fromhere
; seb B 7z 1 force loops to 1st interrupt
; _del ay0 bnz _del ay0 ;2 Il oop until TIMER_H overfl ows
_del ay0 nmov f TIMER H W
bnz _del ay0
clb B GE ; 1 disable the interrupts
bbs BGAE $-2 ;4 (recommended nethod for picl6c84)
return ;2

B S R S R S O I R O

Name: get_config
Procedure to get the configuration switches and save themin the flags register and the
m xing ratio register

*
! *
! *
! *
! *
; A significant feature here is the changing of the sense port data directions. In order to *
; sense the switches the pins nust be inputs and the pullups turned on, however because the *
; pul lups nust be turned off for nornal operation of the m xer and sone or all of the *
; switches nmay be open, noise on these pins would cause unecessary port B change interrupts *
; and lead to servo jitter. The solution is to make the switch sense pins outputs when not *
; being sensed and drive them|ow (safe because the switches only switch to ground). *

*
. %
! *
! *

Regi sters used = W M X_RATI O FLAGS
St ack useage = nil

B I I R I I I R S R S S R S O O

get _config seb B_RPO ; set data directions to all inputs
nov| f TRI SB, Oxff then turn ON the Port B pullups

clb B_NOT_RBPU ; because of the pullups, swtches
clb B_RPO ; are logic high when open - logic
clrf FLAGS ; 1s converted to positive |logic here
skbs B_MXTYP

seb B M XTYP ; get the configuration switches into
skbs B_MXORD ; the flags register - slow nethod
seb B_M XORD ; but wiring i ndependent
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File: E\commercl\m xer\m xer.asm 4/03/99, 13:18:48
skbs B BDI R
seb B _BREV
clrf M X_RATI O
skbs B_RATO ; get the mxing ratio - slow nethod
bsf M X_RATIO O ; but wiring independent
skbs B_RAT1 ; the ratiois in 1/8ths from1l to 8
bsf M X_RATIO 1
skbs B_RAT2
bsf M X_RATI O, 2
seb B_RPO ; turn OFF Port B pul lups - do not
seb B_NOT_RBPU ; leave pul lups on because port Bis
nov| f TRI SB, | NI _DI RB ; connected to the receiver output
clb B_RPO ; then restore data directions
mov| w 8
nmov f M X_RATIO F ; if mixing ratio is zero
skpnz ; then set it to 8/8ths
novwf M X_RATI O
return

B I O S I
1

;. Name:

1

cal c_pw
; Procedure to calculate the pulse width deviations of channels 0 and 1

; Regi sters used

; St ack

B S I S R O I kR S O R R

1

cal c_pw

R I I b S I S Sk I Sk S I S S I S R I I S
1

reverse_B

7 Nane:

useage

novff 16
nmov! f 16
cal

novff 16
novff 16
cal

novff 16
return

= W LOBYTE, H GHBYTE, TEMP, TEMP+1

1

CHO_I'N, H BYTE

TEMP, -CPW
addl16

H BYTE, CHO_IN
CHL_IN, H BYTE
add16

H BYTE, CH1_IN

1

1

ChO -= centre pulse width

Chl -= centre pulse width

; Procedure to reverse the direction of output Channel B

; Regi sters used

; St ack

R I I b S I S S I I S S I S I I S I S I S O R S I S R R S I S I I S R I I S O S I O S I
1

reverse_B

7 Nane:

useage

novff 16
cal

novff 16
return

; Regi sters used

; St ack

IR I I b S I S Sk I I S I S I S I I S I R S S I I R S I S I I I S S I S I Ik S S I

1

useage

swap_i nputs novif 16

7 Nane:

subl6,

novff 16
novff 16
return

W LOBYTE, H GHBYTE
1

CHB_QUT, H BYTE
negl6
H BYTE, CHB_CQUT

registers for Ch0 and Chl

W CHO_IN, CHL IN, TEMP, TEMP+1

ni |

CHO_IN, TEMP
CHL_IN, CHO_IN
TEMP, CHL_IN

; Procedures to add and subtract two 16 bit nunbers

; Entry:

; Exit:

operand 1 in H BYTE: LOBYTE
operand 2 in TEWMP: TEMP+1

Hl BYTE: LOBYTE += TEMP(O0: 1)
HI BYTE: LOBYTE -= TEMP(0: 1)
carry status is sane as 8 bit add or subtract

; Regi sters used

; Tot al
; Tot al
; St ack

cycl es
byt es
useage

W TEMP, TEMP+1,

15 for subl6é and 9 for
12 for subl6 and 7 for

ni |

if entry at addl6
if entry at subl6

H BYTE, LOBYTE
add16
add16

EE R R S S I I S I I S I I b I S I kI I I I I S I I S

swap_i nputs
; Procedure to swap the input

EE R IR S I I S I S I I b I S S I S R I I S I

addl6 (2 different entry points)

EE R R S S I I S I b I S I I S I I S S S I b I I I S I I S S I Sk I O S I R I S I O I I

L B

* 0% X ok %k X X

* 0% X ok 2k X X

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
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File: E:\comercl\m xer\m xer.asm 4/03/99

13:18:

48

subl6 conf
i ncf
skpnz
decf
conf

addl16 nmovf
addwf
skpnc
i ncf
nmovf
addwf
return

TEMP+1, F
TEMP+1, F
TEMP, F
TEMP, F
TEMP+1, W
LOBYTE, F
H BYTE, F
TEMP, W
H BYTE, F

negate TEMP(O: 1)

add TEMP(0:1) and H BYTE: LOBYTE
add | sb
add in carry

add nsb

B I O S S R R O R S

Narme: nmpyl16b8

Procedure to nultiply a signed 16 bit and an unsigned 8 bit nunber to produce
a 24 bit signed product.

Entry: mul tiplicand in H BYTE: LOBYTE

Exit: pr oduct

Regi sters used
Total cycles
Total bytes

St ack useage

B S I S R O I O R S S S R

nmpy16b8 clb
bt fsc
seb
skbs
goto
cal

_nmpy16b80 novl f
novff 16
clrf
clrf
nmovf

_nmpyl1l6b81 rrf
rrf
skpnc
addwf
rrf
rrf
rrf
decfsz
goto
skbs
return
conf
conf
conf
i ncf
skpnz
i ncf
skpnz
i ncf
return

; mul tiplier in TEMP

i n EXBYTE: H BYTE: LOBYTE

W TEMP, TEWMP+1, TEMP+2, HI BYTE, LOBYTE, EXBYTE, BI TCOUNT
Oxffff * Oxff)

188 (worst case,
34
1

B_SI GN
H BYTE, 7

B_SI GN

B_SI GN
_nmpy16b80
negl6

Bl TCOUNT, 16

H BYTE, TEMP+1
H BYTE
LOBYTE
TEMP, W
TEMP+1,
TEMP+2,

EXBYTE
EXBYTE
Hl BYTE,
LOBYTE,
Bl TCOUNT, F
_nmpyl1l6b81
B_SIGN

mTmTT mT

LOBYTE,
HI BYTE,
EXBYTE,
LOBYTE,

HI BYTE,

m m mTmTT

EXBYTE,

1

save the sign of the result

is HL +ve ?

yes, then do the nultiply
no, then nake it +ve
initialize the bit counter
save tenporary nultiplicand
clear multiplicand

save the multiplier in W

shift tenporary multiplicand to the
right into carry

if carry set then need to add

add C EXBYTE += TEMP

shift multiplicand and carry right

any nore bits ?

yes, loop until all bits checked
if B_SIGN set then answer is -ve
return on +ve

el se, negate the product

*
*
*
*
*
*
*
*
*
*
*
*

IR I I b I S Sk S I I S I S I R I S S I S I S I I I b I I S I S I I

Nanme: div16b8

Procedure to divide a signed 16 bit number

by an unsigned 8 bit nunmber to

produce a 16 bit signed quotient and an 8 bit unsigned renai nder.

Entry: nuner at or

denom nator in TEMP

Exit: quot i ent

It is inportant that before calling this procedure to ensure that the numerator is
greater than the denoni nator.

in H BYTE: LOBYTE

in H BYTE: LOBYTE

If this is not so then either the nunerator or the

denom nat or should be pre-scaled to ensure this restriction is net.

Regi sters used
Total cycles

; remai nder in EXBYTE

W TEMP, TEWMP+1, TEMP+2, HI BYTE, LOBYTE, EXBYTE, BI TCOUNT

274 (worst case)

L R I . . N S N .
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File: E:\comercl\m xer\m xer.asm 4/03/99, 13:18:48

; Total bytes 32 *
; St ack useage 1 *

B O S R S O R S O S
1

di v16b8 clb B_SIGN ; save the sign of the result
btfsc H BYTE, 7
seb B_SI GN
skbs B_SI GN ;is HL +ve ?
goto _div16b80 ; yes, then do the divide
call negl6 ; no, then nake it +ve
_di v16b80 nmov| f Bl TCOUNT, 16 ; for 8 shifts
novff 16 H BYTE, TEMP+1 ; save the tenporary nunerator
clrf H BYTE ; clear the nunerator
clrf LOBYTE
clrf EXBYTE ; clear the renuinder
_divi6b81 clb B C
rlf TEMP+2, F ; rotate nunerator to |eft
rlf TEMP+1, F
rlf EXBYTE, F ; rotate carry into partial remainder
nmovf TEMP, W
subwf EXBYTE, W ; is denominator > partial renuminder?
skpc ; carry set if yes
goto _div1leb82 ; else don't shift in a bit
nmov f TEMP, W ; partial remainder -= denomni nator
subwf EXBYTE, F
seb B C ; shift a bit into the quotient
_div16b82 rlf LOBYTE, F
rlf H BYTE, F
decfsz Bl TCOUNT, F ; loop untill all bits checked
goto _divi6b81
skbs B_SI GN ; if B_SIGN set then answer is -ve
return ; return on +ve
cal | negl6 ; else, negate the quotient
return

EIE S I I b S I I S S I I b I S I S I o S I S I S I I I O S S I I

Name: negl6

Procedure to negate a 16 bit signed nunber
Entry: 16 bit nunber to be negated in H BYTE: LOBYTE
Exit: result in H BYTE LOBYTE

Regi sters used H BYTE, LOBYTE

*
*
*
*
*
*
*
*
*
*

Total cycles =8
Total bytes =6
St ack useage = ni

1
1
1
1
1
1
1
1
1
1
1
IR I I b S I S Sk I I S S I S S S R S R S I I S I I I S R S I I S I S S I O S I I
1

negle6 conf LOBYTE, F ; negate H BYTE: LOBYTE
conf H BYTE, F
i ncf LOBYTE, F
skpnz
i ncf H BYTE, F
return
end ; end of program
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File:

E:\commercl\m xer\el6f84.inc

4/03/99, 13:25:23

list

; E16F84.1 NC Enhanced Header
nol i st

It

Aut hor

Copyri ght

true
fal se

i nput
out put

_resvec
_intvec
_endpgm

resetvector
resvec

endnenory
endpgm

ckkkkkkkkk kK

1

; Macros to

nov| f

andl f

iorlf

xor | f

add! f

subl f

Revi si ons :

kkkkkhkkkkkkk

File, Version 1.00 Eagle Air Australia P/L

EIEE R S S S I R R S S R S I O R S O S

E16C84. | NC Enhanced Header
This header file provides enhanced defines for
repl aces pl6f84.inc

File, Version 1.00
PI C 16C84 assenbl er

*

*

*

John F. Fitter B.E. *
17jul 96 O i gi nal *
23jul 96 Consol i dated pl6f84 defines and added new macros *
*

Ltd. Al *
*

*

c 1996 Eagle Air Australia Pty. rights reserved

(sone code fragnents are based on application notes and other public sources)

IR R S S R R R S S R S S O O

i f ndef _E16F84

#def i ne _E16F84

i fndef __16F84

VESSG "Processor-header file msmatch. Verify selected processor."
endi f

equ 1

equ 0

equ 1

equ 0

equ 0x00 ; 16f84 start address

equ 0x04 ; 16f 84 peripheral interrupt vector
equ Ox3FF ; end of program menory

org _resvec ; reset vector

goto init

org _endpgm ; end of menory

EE R I S O S I R S S R S O

i npl enent new addr essi ng nodes *

EE R I I O S I S

equ 0 ; Working register destination

equ w

equ 1 ; File register destination

equ f

macr o src, dest ; Move register file src to register
nmovf src, W ; file dest through w

nmovwf (dest) &0Ox7f

endm

macr o dest, k ; Move literal to register file

mov| w k

nmovwf (dest) &0Ox7f

endm

macr o dest, k ; AND literal with register file
mov| w k

andwf (dest) &0Ox7f, f

endm

macr o dest, k ; Inclusive OR literal with register file
mov| w k

i orwf (dest) &0x7f, f

endm

macr o dest, k ; Exclusive OR literal with register file
mov| w k

xor wf (dest) &0x7f, f

endm

macr o dest, k ; ADD literal to register file

mov| w k

addwf (dest) &0x7f, f

endm

macr o dest, k ; SUBTRACT literal fromregister file
mov| w k

subwf (dest) &0x7f, f

endm
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File:

E:\commercl\m xer\el6f84.inc

4/03/99, 13:25:23

Bk I O S R S O

Macros to set/clear/branch/skip on bits
These macros define and use synthetic "bit
Bit |abels contain the address and bit

7]
o =
o

bi t macr o

| abel

seb macr o

clb

skbs

skbc

bbs macr o

bbc macr o

cbs macr o

cbc macr o

| abel, bit, file
| abel

| abel

| abel

| abel

| abel , address

| abel , address

| abel , address

| abel , address

| abel, bit, file
((file)&x7f)<<8
| abel

| abel >>8, | abel &7
| abel

| abel >>8, | abel &7
| abel

| abel >>8, | abel &7
| abel

| abel >>8, | abel &7
| abel , address

| abel >>8, | abel &7
addr ess

| abel , address

| abel >>8, | abel &7
addr ess

| abel , address

| abel >>8, | abel &7
addr ess

| abel , address

| abel >>8, | abel &7
addr ess

*

| abel s" *

of a location *

R I O S S R

Description

1

bit;

1

1

1
1
1
1
1

1

1

1

1

1

Define a bit | abel

set bit using bit [|abel
clear bit using bit [|abel
SKIP on bit set

SKIP on bit clear

BRANCH on bit set

BRANCH on bit clear

CALL on bit set

CALL on bit clear

Define a bit
(macr o)

| abel

Set bit
(macr o)

Clear bit
(macr o)

Skip on bit set
(macr o)

Skip on bit clear
(macr o)

Branch on bit set
(macr o)
(macr o)

Branch on bit clear
(macr o)
(macr o)

Call on bit set
(macr o)
(macr o)

Call on bit clear
(macr o)
(macr o)

IR I 3 b I I S I I Sk I S I S R I S S I S I I S S I I S I S I I S I S I I S I S I I

; REG STER FI LE DECLARATI ONS

| NDF equ
TMRO equ
PCL equ
STATUS equ
FSR equ
PORTA equ
PORTB equ
EEDATA equ
EEADR equ
PCLATH equ
| NTCON equ
OPTI ON_REG equ
TRI SA equ
TRI SB equ
EECONL equ
EECON2 equ

CONFI G_REG equ

0x00
0x01
0x02
0x03
0x04
0x05
0x06
0x08
0x09
Ox0A
0x0B

0x81
0x85
0x86
0x88
0x89

0x2007

1

*

EE R IR S S I I S I I S I S S I I S I S I S S I S I S S O

Uses contents of FSR to address data nenory
Tinmer O
Program count er
Status register
I ndirect data nenory address pointer
Port A

Port B

EEPROM dat a regi ster

EEPROM addr ess regi ster

Wite buffer for upper 5 bits of PC
Interrupt control register

| ow order 8 bhits

Option register
Port A data direction register

Port B data direction register
EEPROM control register 1
EEPROM control register 2

Configuration word (no access by program

IR I I b I S S I b I I I S S O I I S I S I I S I S I S S I S I S I I I I b I I S S I I

© REQ STER Bl T DECLARATI ONS

EIE S I I b I S Sk S I I Sk I S I S S I S I S S I S I S I I S I S I I S I S I I S I S I I

1

*

Page:



File: E:\comercl\m xer\el6f84.inc

4/03/99, 13:25:23

bi t
bi t
bi t
bi t
bi t
bi t
bi t
bi t

bi t
bi t
bi t
bi t
bi t
bi t
bi t
bi t

bi t
bi t
bi t
bi t
bi t
bi t
bi t
bi t

bi t
bi t
bi t
bi t
bi t

ckkkkkkAhkhkhkhkhkhkhk kA kA kA hkkhk kK

1

38853780

e bt bt bt Nt g

@
mmmmmTTm

837

md=

lewlwlwlwlwlwlw
mez

Q
m

w wlwlwlw
£RES

OSE,

400U
o
12

-
35

Iw lewlw
8

53

EN,

o9}
3
m
Y|
A

B_EEI F,

; RAM Definition

ckkkkkk Ak hkhkhkhkhk kA kA kA hkkhk ok ok

1

ckkkkkkhkhkhkhkhkhkhk kA kA kA hkkhkkk

1

__MAXRAM
~ BADRAM

; Configuration Bits

rkkkhkhkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhk kK

1

_CP.ON
“CP_OFF
“PWRTE_ON
“PWRTE_OFF
“WOT_ON
“\WDT_OFF
“LP_OsC
TXT_0sC
“Hs_osC
"RC_OSC

Nooahk~hwNhdEFO

Nooah~hwNhdEFO

Nooahk~hwNhdEFO

0,
1,
2,
3,
4,

STATUS
STATUS
STATUS
STATUS
STATUS
STATUS
STATUS
STATUS

| NTCON
| NTCON
| NTCON
| NTCON
| NTCON
| NTCON
| NTCON
| NTCON

OPTI ON_REG
OPTI ON_REG
OPTI ON_REG
OPTI ON_REG
OPTI ON_REG
OPTI ON_REG
OPTI ON_REG
OPTI ON_REG

EECONL
EECONL
EECONL
EECONL
EECONL

1
1
1
1
1

Carry

Hal f carry

Zero

Power down

Ti meout

Regi ster bank select bit 0 (direct)
Regi ster bank select bit 1 (direct)
Regi ster bank select bit (indirect)

RB port change interrupt flag
RBO/ I NT interrupt flag

TMRO overflow interrupt flag

RB port change interrupt enable
RBO/ I NT i nterrupt enable

TMRO overflow interrupt enable

EE wite conplete interrupt enable
d obal interrupt enable

prescaler bit 0
prescaler bit 1
prescaler bit 2
prescal er assi gnment
TMRO source edge sel ect
TMRO cl ock source sel ect
Interrupt edge sel ect
Port B pul lup enable

EEPROM Read control bit
EEPROM Wite control bit
EEPROM Wite enable bit
EEPROM Error flag bit

EEPROM Wite operation interrupt flag

EE R R S S S I S I S R S S R I

*

EEE R R S S S S I R S S R S S R I S

H

CF
HO07",

H 50" -H 7F,

H 87

R S S S I R S S R S R S

*

R IR I S S I I S S I S I S I S I I I I S R S I I S I S S S I I

EQU H 000F
EQU H 3FFF
EQU H 3FF7’
EQU H 3FFF
EQU H 3FFF
EQU H 3FFB
EQU H 3FFC
EQU H 3FFD
EQU H 3FFE
EQU H 3FFF
endif ; _E16F84
list
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