ENTRY F124
VGA SIGNAL PROBE
1. ABSTRACT

This project utilises a 68HC908QT4 to digitise an analog signal, and generate a corresponding
VGA video signal representing the time sequence of the samples. This allows a simple audio-
bandwidth CRO to be implemented using two 8-pin ICs. The device includes two buttons for
toggling the acquisition mode between free running, and digital storage. In free running mode, the
acquisition is synchronised to the horizontal display frequency. In digital storage mode, the
buttons also act to adjust the time base, triggering voltage level and edge polarity.
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4. PROJECT PICTURE

5. SOURCE LISTING
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;VGA Si gnal Probe



org $FFCO

trimval: DC B 105

; FLASH trimdefault val ue

; RAM vari abl e definitions

BUFSI Z:
STACKSI Z:

MY_RAM

LUM TI MER:
FLAGS:
TMR_ACC:
SAMPLE_| DX:
STORAGE:

TRl GGER
TMR_STEP:

MY_ROM

equ
equ

350/3 ;size of sanple storage buffer
8 ;size of stack

SECTI ON SHORT

ds.
ds.
ds.
ds.
ds.
ds.
ds.

SECTI ON

T oCToTCTOoTUTOT

;lum nance tiner |atch
;general flag bits
; subsanpling fractional accunul ator
; sanpl e buffer index
UFS| Z- 2 ;sanple buffer .. 116 entries
;trigger sanple |evel
; subsanpling fractional step (tinebase)

RPRrOgRRRPE

; QT4 rel evant hardware definitions

_PTA: equ
_DDRA: equ
_PTAPUE: equ
_KBSCR: equ
_KBI ER equ
_TSC: equ
_TCNTH: equ
_TCNTL: equ
_ TMODH: equ
_ TMODL: equ
_TSCo: equ
_TCHOH: equ
_TCHOL: equ
_TScC1: equ
_TCH1H: equ
_TCH1L: equ
_OSCTRI equ
_ADSCR: equ
_ADR: equ
_ADI CLK: equ
_COPCTL: equ

;Port A pin allocations

LUM PI N equ
HSYNC_PI N: equ
UP_PI N: equ
DOAN_PI N: equ
VSYNC_PI N: equ
Flag bits

R SI NG equ
ADJTRI G equ
FREERUN: equ

0

4
Obh
lah
1bh
20h
21h
22h
23h
24h
25h
26h
27h
28h
29h
2ah
38h
3ch
3eh
3fh
offffh

; Lum nance out put (0=bl ack 1=grey)
; Horizontal sync output (O=active)
;Up pin (0=pressed)

; Down pin (O0=pressed)

; Vertical sync output (O=active)

A WNEFRO

0 ;set when rising edge triggering
1 ;set when trigger is being adjusted, else tinmebase
2 ;set when free run active

; VGA Hori zontal timng constants

HORI Z_ W DTH:
SYNC_W DTH

equ
equ

101 ; 31.5625 us

@3.2 Mz
12 ;3.75 us @3.2 Mz



BACKPORCH_W DTH: equ 6 ;1.875 us @3.2 Mz

FRONTPORCH_W DTH: equ 3 ;0.9375 us @3.2 Mz
ACTI VE_START: equ SYNC_W DTH+BACKPORCH W DTH ;18 image left margin
ACTI VE_END: equ HORI Z_W DTH- FRONTPORCH_W DTH ;98 inmage right margin
ACTI VE_W DTH: equ ACT| VE_END- ACTI VE_START ;80 width of inage
RENDER_START: equ ACT| VE_START+( ACTI VE_W DTH-64) / 2 ;19 rendering start

xdef _Reset
_Reset:

| da trimyval ;1 oad the TRI M val ue

sta _OSCTRI M

sei

| dhx #LUM TI MER ;initialise stack pointer to end of RAM

txs

jsr InitlO ;crank up the 1/0 ports

jsr I ni t ADC ;crank up the ADC

jsr InitTinmers ;crank up the VGA horizontal tiners

cli

bra DoFr eer un ;start free running sanpler by default

;Initialise ADC subsystem

I ni t ADC:

| da #64 ; ADC cl ock= bus clock/4=0.8 Mz @3.2 Miz
sta _ADI CLK
| da #32+1+2 ;turn on ADC, continuous conversion on
; PTA5, no | RQ
sta _ADSCR
rts

;Initialise I/0O subsystem

Initlo

| da #(1<<LUM PI N) | (1<<HSYNC_PI N) | (1<<VSYNC _PI N)

; LUM  HSYNC, VSYNC = output, ADC, DOMN, UP = input

sta _DDRA

| da #2+16+4+8

sta _PTA ;deassert HSYNC and VSYNC, LUMEOV

| da #(1<<UP_PIN) | ( 1<<DOMN_PI N)

sta _PTAPUE ;enabl e pul lups for input swtches
bset 1, _KBSCR ;mask keyboard interrupts

bset UP_PI N, _KBI ER

bset DOMN_PI N, _KBI ER ; enabl e up and down keys

bset 0, _KBSCR ; keyboard is edge and | evel triggered
bset 2, _KBSCR ;ack any pending keyboard interrupts
rts

;lnitialise VGA tiners and system node

I nitTiners:

| da #16+32
sta _TSC ;stop timer & reset it
clr _ TMODH
| da #HORI Z_W DTH
sta _ TMODL ;timer overflows every horizontal |ine
| da #16+8 ;unbuf fered operation, no I RQ
;output conpare, LUM clear on match
sta _TSCO
| da #16+8+4+2 ;unbuf f ered operation, no I RQ

;output conmpare, HSYNC set on match, ;toggle
on overfl ow



sta _TsC1
clr _TCHLH
| da #SYNC_W DTH
sta _TCHIL ; HSYNC wi dt h
clr _TCHOH
| da #ACT| VE_START+( ACTI VE_W DTH) / 2
sta _TCHOL ;LUMtrigger initially at md point
sta LUM TI MER
belr 7, _TSCQO ;clear LUM out put conpare flag
bel r 7, _TSC1 ; cl ear HSYNC out put conpare flag
clr FLAGS
belr RI SI NG FLAGS ;falling edge by default
bset FREERUN, FLAGS ;free running by defaul t
belr LUMPIN, _PTA ;LUMoff (Ilow)
bset HSYNC_PI N, _PTA ; HSYNC i nacti ve high
bset VSYNC _PI N, _PTA ; VSYNC i nactive high
| da #128+64
sta TRI GGER ;set trigger level to 50%full scale
| da #BUFSI Z- 3
sta SAMPLE | DX ;start sanpling
clr TMR_ACC ;reset sanple tinmer accunul ator
| da #255
sta TMR_STEP ; maxi mum sanpl e rate
| da #64
sta _TSC ;timebase = bus clock, start,
;overflow | RQ
rts
;Ti mer overflow | RQ This occurs at the start of every horizontal |ine
xdef _TIMER | RQ
_TIMER_| RQ
9 | atency
| da LUM TI MER '3
sta _TCHOL ;3 load | um nance tiner with new val ue
belr 7, _TSC ;4 ack overflow | RQ
rti 07

; Process keypresses nacro
;In trigger adjust node:

“uP
* DOWK

increase trigger |evel,
decrease trigger |evel,

;In tinebase adj ust node:

; UP

i ncrease sanpling freque
; DOAN decrease sanpling freque
; UP+DOMN t oggl es between trigger

; Total execution tine < 47 cycles

i(eypress: MACRO

set trigger direction to rising |evel
set trigger direction to falling |evel

ncy
ncy

adj ust, tinebase adjust and freerun



brclr 3, _KBSCR, \ @eypr essDone ;5 check for a keypress flag

bset 2, _KBSCR ;4 ack keyboard interrupt
| da _PTA ;3 fetch port state
and #(1<<UP_PI N) | ( 1<<DOMN_PI N) ;2 mask pins
beq \ @oggl e ;3 both held = toggle node
and #( 1<<DOWN_PI N) ;2 down pin active?
beq \ @oUp ;3 no...nust be up
bra \ @zoDown ;3 yes..must be down
\ @oggl e:
breclr FREERUN, FLAGS, \ @\ot Fr eer un ;5
bel r FREERUN, FLAGS 4
bset ADITRI G FLAGS ;4 free run -> adj trigger
bra \ @eypr essDone ;3
\ @Not Fr eer un:
brclr ADITRI G, FLAGS, \ @xoFr eer un 5
belr ADJTRI G FLAGS ;4 adj trig ->
;. adj tinebase
bra \ @eypr essDone ;3
\ @=oFr eer un:
bset FREERUN, FLAGS ;4 adj tinmebase ->
; free run
bra \ @eypr essDone ;3
\ @soDown:
brset FREERUN, FLAGS, \ @eypressDone ;5 only adjust if DSO node
br set ADITRI G FLAGS, \ @ecTri g 5
tst TMR_STEP ;3
beq \ @eypr essDone ;3
dec TMR_STEP 4
bra \ @eypr essDone ;3
\ @ecTrig:
belr Rl SI NG FLAGS ;4 falling edge triggered
tst TRI GGER ;3
beq \ @Keypr essDone ;3
dec TRI GCER 4
bra \ @eypr essDone ;3
\ @oUp:
br set FREERUN, FLAGS, \ @eypressDone ;5 only adjust if DSO node
br set ADITRI G FLAGS,\ @ ncTrig )
inc TMR_STEP 4
bne \ @eypr essDone ;3
dec TMR_STEP 4
bra \ @eypr essDone ;3
\@ncTrig:
bset RI SI NG FLAGS ;4 rising edge triggered
inc TRI GGER 4
bne \ @eypr essDone ;3
dec TRI GCER 4
bra \ @eypr essDone ;3
\ @eypr essDone:
ENDM
;Wait for start of horizontal line, and clear flag
HWAI T:  MACRO
\ @Y Hsync:
brclr 7, _TSCL,\ @\ Hsync ;5 wait for HSYNC conpare
belr 7, _TSCl ;4 ack it

ENDM



Untriggered unstored 31kHz sanple + display

Uses 480 |ine VGA node

DoFr eer un:

Li neLoopl:

W Fr ont Por cha:

W VSYNCa:

W BackPor chA:

sta _COPCTL

bset VSYNC_PI N, _PTA
| da #16+8+4+2

sta _TSCO

;generate 480 VA |ines

I dx #480/ 3

| da _ADR

I sra

I sra

add #RENDER_START
sta LUM TI MER
HWAI T

| da _ADR

I sra

I sra

add #RENDER_START
sta LUM TI MER
HWAI T

| da _ADR

I sra

I sra

add #RENDER_START
sta LUM TI MER

HWAI T

dbnzx Li neLoopl

; deactivate the |um nance generator

| da #16+8

sta _TSCO

clr _TSC

I dx #11

HWAI T

dbnzx W Fr ont Por cha
belr VSYNC PI N, _PTA
| dx #2

HWAI T

dbnzx W VSYNCa

bset VSYNC_PI N, _PTA
Keypr ess

I dx #32

HWAI T

dbnzx W BackPor chA

;wat chdog reset
; deassert VSYNC

; unbuf fered operation, no I RQ
;output conpare, LUM set on match
;clear on overflow

N

WNPFPPFPW

WNPFPPFPW WNPFRPPFPW

w

read nost recent ADC result
convert to 6-bit

of f set

load into LUM ti nmer

read nost recent ADC result
convert to 6-bit

of f set

load into LUMtiner

read nost recent ADC result
convert to 6-bit

of f set

load into LUM ti nmer

next line if applicable

;unbuf fered operation, no I RQ
;output conpare, LUM clear

;stop overflow interrupt

;front porch = 0.35 ns = 11 lines

;assert VSYNC

yvsync = 0.06 nms = 2 |lines

; deassert VSYNC

; scan keypad

;back porch = 1.02 ns = 32 lines



Sanpl e buffer

;Uses 400 line

DoDSO

Li neLoop3a:

Li neLoop2:

DoneSanpl i ng:

belr 7, _TSC ;

| da #64

sta _TSC ;
breclr FREERUN, FLAGS, DoDSO ;
jmp DoFr eer un ; no,

di spl ay. One sanpl e per three horizontal

; out put conpare,

VGA node
sta _COPCTL ;cl
bel r VSYNC_PI N, _PTA
| dx #50
HWAI T
dbnzx Li neLoop3a ;
| da #16+8+4+2 ;
; C
sta _TSCO

;generate 350 lines in digital

| dx #BUFSI Z- 1

;First line of three

| da STORAGE, x 03
I sra ;1
I sra ;1
add #RENDER_START ;2
sta LUM TI MER ;3
HWAI T

;wor st case execution bel ow = 33 cl ocks

next

unbuf f ered operati on,

ack overflow I RQ

enabl e overflow interrupt

entering DSO node?

next screen

l'i nes

ear wat chdog

; deassert VSYNC

;gap of 50 lines

line

no I RQ
LUM set on match
ear on overflow

st orage node

read sanple from buffer
convert to 6-bit

of f set
load into LUMti ner

time to take a sanpl e?

;(rate = TMR_STEP/ 256 *
;scan rate/ 3)?

| da TMR_ACC ;3
add TMR_STEP ;3
sta TVR_ACC ;3
bcc DoneSanpl i ng

| da SAMPLE_| DX ;3
beq DoneSanpl i ng ;3
pshx ;2
tax 71
| da _ADR ;3
sta STORAGE, x ;3
dec SAMPLE_| DX ;3
pul x ;2

; Second line of three
HWAI T

;worst case execution bel ow = 35 iclocks

;3 no, skip

fetch current sanple index
at start of buffer..

then we are not sanpling

save current display index
i ndex = sanpl e pointer
fetch ADC result

store new sanple in buffer
advance sanpl e pointer

restore current display index



ChkFal I'i ng:

ChkRi si ng

Got Tri gger

DoneTri gger

Li neLoop3

W Fr ont Porch

W VSYNC:

W BackPor ch

CoFr eerun

| da
bne

| da
sub
beq
br set

bcs
bra

bcc

;fall thru

| da
sta

SAMPLE | DX ;3 at the start of the buffer?
DoneTri gger ;3 no, not |ooking for trigger
_ADR ;3

TRI GGER ;3

DoneTri gger ;3

Rl SI NG FLAGS, ChkRising ;5 rising or falling edge?
DoneTri gger ;3

CGot Tri gger ;3

DoneTri gger ;3

#BUFSI Z- 3 ;2

SAMPLE | DX ;3 start sanpling

;Third line of three

HWAI T
dbnzx

Li neLoop2 ;3 next lines set, if applicable

;deactivate the |um nance generation

| da

sta
clr

| dx

HWAI T
dbnzx

I dx

HWAI T
dbnzx

bset
| dx

dbnzx
belr

Keypr ess
| dx

HWAI T
dbnzx

bel r

| da
sta

br set
jmp

jmp
END

#16+8 ;unbuf fered operation, no I RQ
;output conpare, LUM clear

_TSCo

_TSC ;di sabl e overflow interrupt

#50 ;remaining |ines

Li neLoop3 ;next lines

#13 ;front porch = 0.41ns = 13 lines

W Fr ont Por ch

VSYNC_PI N, _PTA ;assert VSYNC

#2 ;yvsync = 0.06ns = 2 |ines
W VSYNC

VSYNC_PI N, _PTA ; deassert VSYNC

; scan keypad

#34 ;back porch = 1.08nms = 34 lines
W BackPor ch

7, _TSC ;ack overflow | RQ

#64

_TSC ;enabl e overflow interrupt
FREERUN, FLAGS, GoFr eer un ;exiting to freerun node?
DoDSO ;1 oop to next DSO screen

DoFr eer un ;no, flip to freerun
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