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KILOWATTS HOURS METER

MR.MITREE NIMSUK
MR.RAVIPART KRIYOONSEN
MISS RAKSADAPORN RAKWATIN
MR.RUNGROAT YINDEETIP

/ ADVISORS

ASSIST.PROF.PRACHERN THRAIEJAMJAN

MR.WORAWIT SOMHA
MR.PEERAWUT SUWANJAN
1997

ABSTRACT

This thesis is application a MCS-51 microcontroller in a central processing of the
kilowatts hours meter. It calculates the electrical powers that are used to transform voltage
and current to digital datas.Then the microcontroller can calculate the powers and remember
them in form of using unit. After that it can send the number of units to a recorder that can
recorded the datas form many meters and record into its memory by using an infrared
circuit. The recorder can be connected and transferal of datas to a microcomputer for saving

them as a file.
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& udne099001W SET /D=1,S Milimsilasuuilas

2. RETURN HOME

RS R/W Dp7 Dpo

code 0 0 0 0 0 0 0 0 1 *

* No effect
o o J ° : -] o o o v
frdafiarfiiniswa DD RAM ADDRESSER (iugudda CURSOR asndulieg

fumdsnugadudevesvenmdoyalusoamliifaou
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3. ENTRY MODE SET

RS R/W Dp7 Dgo

code 0 0 0 0 0 0 0 1 ID| S

BIT ID : Tnoszifluddmuadie@ounsosmdoya uazi Idiumys DD RAM

A4 4 4 & A &
HUYUNHInToanaarielag 1=y 1Ay 0=AAaINIY

1
v o

BIT S : iufmuauanwwalay § s=1 viflunslddoyada CURSOR egiui

foyavzgndulmedie th s=0 Joyasregfish CURSOR vrgndnlimedndhe

4. DISPLAY ON/OFF CONTROL

RS R/W Dpy DBo

code 1l 0 0 0 0 0 0 1 D C B

BIT D : il BIT IlanTedambiwennTaodh D=1 920N tazéh D=0 93OFF

BIT C : 9z 1¥@na CURSOR W BIT c=1 uazdhludoamsuans CURSOR BIT
c=0 T8 CURSOR 920gfi LINE i 8 Iuuuy 5X7 DOT o¢ LINE i 11 Tuiuu 5X10 DOT

BIT B : (umsiedin msnssniuves CURSOR 1at B=1 Msnsewsy B=0 1u%
M3nTensuTaglisLo29a1mINT RS UUT N 379.2 ms

5. CURSOR OR DISPLAY SHIFT

RS R/W Dpy

code 0 0 0 0 0 I |S/IC|RL| * *

* No effect
[ o v o ° ' a . '
Wusdeimualidmmiis CURSOR v3edoyaluifiamedreniovnlnglidos
T¥idudounsesu

6. FUNCTION SET

i

RS R/W Dgy

-

code 0 0 0 0 I [DL | N | F * *

* No effect
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BIT DL : iflumsdasimsaadedios Wiy 8 BIT nio 4 BITTnetadoens 4
BIT DL=0 .2 8 BIT DL=1

N : Shumsdaniussiamsiansna N=0 uaad 1 ussia N=1 1das 2 ussia Tu
nsBunnT 2 ussvia AldE N=1

P fumsdem A DOT msudasra 5X7 1o 5X10 Tas F=0 funs 5x7
waz F=0 (funuy 5x7 uas F=1 vy 5X10 daaaslumsedi 2.2

7. SET CG RAM ADDRESS

RS R/W Dpy Dgpo
code 0 0 0 1 A A A A A A
<-- Higher Lower -->
Order Bits Order Bits

q’ 1 o« o
199N 2.1 MYDUADIIYDT

S/IC R/L

0 0 %1138 CURSOR Tomndumsusiuldreile 1 dumua
0 1 v1m3de cURSOR Tomndumdaauldvnile 1 dumua
1 0 (Humsaudisnusfinalumaedhe

[~ o o o { o
1 1 lﬂuﬂ']iﬂﬂﬂ’mﬂﬂiﬁlﬂﬂ‘lﬂ'}’n\ﬁl’ﬂﬁf)

1y HD44780 ﬁumzﬁﬂﬁwmmﬁmg 2 %A Ao DISPLAY DATA RAM (DD RAM)
117U 80X8 BIT Uz CHARACTER GENERATOR ROM CG RAM $1%3% 512 BIT liaz
7200 BIT frdailezfumsdemnuasdumia lu co RAM Todeuimsdamnaiay
Aumianeusunieeudeyanin CG RAM #ae

8. SET DD RAM ADDRESS

RS R/W Dpy Dgo
code 0 0 . 1 A A A A A A A
<-- Higher Lower -->

Order Bits Order Bits
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Susrdademmnomudumisly DDRAM  Tumsidoundosusen DD
RAM (DD-RAM #io daufinzuaninaniiioe LCD) Tagsnanmnoaudumisiifaey
U499 LCD %:agiﬁumsﬁxafh N #9t

N=0 (1U55%R) MINGRYAUINHILDY 00H-4FH

N=1 2Us51A) MINBavAMIMUIeY 00H-27H dmfuussiai 1 uay 40H-67H
dmsy ussiiadi 2

HUUMSTANNIBIAVAUNUIVDY DD RAM 1113198 LCD UV 16 #I60YT 1 US5iA
16 719NHT 2 VITNA, 16 AIDNYT 4 UTTVIA, 20 AIONYT 1 UTTNA, 20 AIOANYT 2 UTIHA
1Ay 40 AIONYT 2 UTINA

9. READ BUSY FLAG AND ADDRESS

Sumides i BUSY FLAG Faemflusaveninda Hpas7s0 fogluvuamums
numeluegniesgluanmnioveziudoya Tne

BF=1 agluninumsiaumeluhindouszsudeyaniofds

BF=0 wiowaziudoyaniedidald

yu <] o w ¥ J ° T -
uazuennnidulumdgumdoyanioavdiunieues CG RAM nSo DD

RS R/W Dp7 Dgo

code 0 1 BF| A|A| A| A| A| A]| A

<-- Higher Order Bits Lower Order Bits-->

16 A29NHT 2 USTNA

00 1 01 |02 03]04}05) 06|07 |08|09]|0A{0B]|0C |0OD|OE |OF

40 [ 41| 42| 43| 44| 45| 46| 47| 48 | 49 | 4A | 4B | 4c | 4D |45 | 4F

3111 2.8 Amneavdumsiuaawauumineieadi

10. WRITE DATA TO CG Y59 DD RAM

o . 3 s
duimdaudoudoyadlilu c wie pD RaM Tauiledoudeyauaznineasy

' y ¥
L S

Ammiseziuniean Taodh lulAmudidefidedi v ENTRY MODE fedmuaiiasih

30150
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v
Hun1si@oudeyaves CG RAM 138 DD RAM Mlagmsdanimnoaudmmiaues CG

y
RAM 130 DD RAM dumneuszifioudoya

RS R/W Dp7 Dpo
code 1 0 D|D|D|D|D|D)|D|D
<-- Higher Lower -->
, Order Bits Order Bits

v y
M3199 2.2 AUDINITAIUUIAVDIAIONYT

No.of
N F display | Character font | Duty factor Remarks
lines
0 o0 1 5X7 dots 1/8
0 1 1 5X10 dots 1/11
Cannot display 2 lines
I * 2 5X7 dots 1/16 with 5X10 dot charac-
» ter font.
* No effect
11. READ DATA FROM CG OR DD RAM
RS R/W Dp7 Dgno
code 1 1 D| D|D|D)| DJ| D|D D
<-- Higher Order Bits Lower Order Bits -->

15‘Juﬁ1ﬂ°¢a’1uﬁ1%’anamn CG RAM #3508 DD RAM 1agfaug1uA191n DD RAM
%50 CG RAM ms%~“l%mmm'nmaua‘umlmumau xwa‘Iwwauanmu”lﬂumﬂu DD
%59 CG RAM mnmmmsmmummummﬂwm LCD MODULE uu%mmamu
HIn ua:ﬁammmmms'1wuumﬁ';6ﬂys, CURSOR  uazyimsi@eudsnysidn Ty lu

DD RAM MUA15NA0NYI 00 asnE5 198N LCD tasamnsaf i nuad s
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GND[]4 8[J RST
8 PIN DIP
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1 g o a =] Y] o
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v v

' y
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Y
Y =

1 4 ] 1 4 1
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o v d da ¢
Tdsunsuarnvesdlainnanessines

;internal RAM address definition

cal_bufl equ 8h
cal_buf2 equ 10h
voltage equ 18h
current equ 20h
watts equ 28h
units equ 30h
mas_unit equ 38h
carry b equ 4ah
disp_buff equ 8h
command equ 40h
meter_id equ 41h
countl equ 42h
count2 equ 43h
time_h equ 44h
time_m equ 45h
time_s equ 46h
date equ 47h
month equ 48h
year equ 4%h
lcd_data equ po
led_rs equ p2.0
led_rw equ p2.l
led_e equ p2.2
rtc_rst equ pl.0
rtc_data equ pl.l
sclk equ pl.2
atod_wr equ p2.5
adl_cs equ p2.6
ad2 _cs equ  p2.7
atod_rd equ p2.4
atod_intr equ p2.3
org 0000h
sjmp start

org 0003h



start:

clrl:

first:

clr_wattsl;

ljmp

org

ljmp

org

ljmp

org

ljmp

mov
mov
movy
mov
mov
inc
dinz
clr
clr
mov
feall
mov
Icall
cjne
sjmp
mov
mov
mov
mov
mov
mov
keall
mov
mov
mov
mov
mov
mov

inc

int0_service

000bh

timerQ_service

0013h

intl_service

0023h

serial_service

sp,#50h
17,#48h
a,#0
10,#8
@r0,a
r0
r7,clrl
rtc_rst
sclk
17,#00h
delay
meter_id,#0ah
rd_mark
a,#3ah,first
recall_time
time_s,#00h
time_m,#00h
time_h,#80h
date,#14h
month,#04h
year,#98h
write_time
a,#0
17,48
r0,#watts
rl,#units
@r0,a
@rl,a
r0
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clr_mas_ul:

recall_time:

sys_init:

main:

waitl:

read_volt_amp:

inc

djnz
mov
mov
mov
mov
inc

djnz
lcall
lcall
lcall
lcall
lcall
Icall
setb
mov
setb
mov
cjne
lcall
Icall
lcall

simp

push
mov
mov
clr
clr
clr
setb
setb
mov
jb
clr
clr
mov
setb
clr

mov

rl
r7,clr_wattsl

r0,#mas_unit

a,#0

17,48

@r0,a
0
r7,clr_mas_ul
wr_tnark
read_time
ram_init
init_timer
init_serial
init_led

ea

command,#0ffh
ex0

a,command
a,f3ah,waitl
read_time
time_convert
display

main

7
p2,#0f8h
p0,#0fth

atod_wr

adl_cs

ad2_cs

adl_cs

ad2_cs
p2,#0f8h
atod_intr,$

atod_rd

adl_cs
voltage,#205 ;

adl_cs

ad2_cs

current,#194

p0

p0
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disp_convert:

disp_conl:

disp_con2:

disp_con3:

mov

pop

ret

mov
mov
mov
mov
add
mov
inc
inc
djnz
mov
mov
inc
mov
add
mov
inc
mov
mov
mov
inc
djnz
moy
mov
mov
add
mov
inc
inc
djnz
mov
mov
inc
mov
add

mov
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p2,#0f8h

r0,#disp_buff+16
rl,#watts+1
17,44
a,@r!
a,#30h
@r0,a
10
rl
r7,disp_conl
af.
@r0,a
10
a,@rl
a,#30h
@r0,a
r0
1,44
a i’
@r0,a
r0
r7,disp_con2
rl,#mas_unit+2
17,44
a,@rl
a,#30h
@r0,a
0
rl
17,disp_con3
a#.!
@r0,a
0
a,@rl
a,#30h
@r0.#a
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ret

time_convert: mov r0,#disp_buff+15
mov atime_m
Icall bcd2ascii
mov @r0,a
dec 10
mov  atime_m n
swap a
Icall bed2ascii
mov  @r0,a
dec 10
mov  a#"
mov @r0,a
dec 10
mov atime_h
Icall bed2ascii
mov @r0.a
dec 10
mov atime_h
swap a
anl a#07h
lcall bed2ascii
mov  @r0,a
dec 10
mov a#'’
mov  @r0,a
dec 10
mov  @r0,a
dec 10
mov  @r0,a
dec 10
mov  a,year
Icall bed2ascii
mov @r0,a
dec 10
mov  a,year
swap a
lcall bed2ascii

mov - @r0.a



clr_dispbuff:

clr_displ:

bed2ascii:

display:
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dec 10

mov a#’
mov  @r0,a
dec 10

mov amonth
Icall bcd2ascii
mov @r0,a
dec 10

mov a,month
swap a

lcall bcd2ascii
mov  @r0,a
dec 10

mov a#/
mov  @r0,a
dec 10

mov a,date

lcall bed2ascii

mov  @r0,a
dec 10
mov  adate
swap a

Icall bed2ascii

mov  @r0,a
ret
mov 17,432

mov  10,#disp_buff

mov a#"’
mov @r0,a
inc 10

djnz 17,clr_displ

ret

anl a#0fh
add a,#30h
ret

clr  led_rs

mov  a,#10000000b



nextl:

next2:

read_rtc_ram;

rte_init:

ram_init:

init_timer:

init_serial:

init_lcd:

Icall
setb
mov
mov
mov
inc

Icall
djnz
clr

mov
Icall
setb
mov
mov
mov
inc

Icall
djnz

ret

ret

ret

mov
mov

ret

mov
mov
setb

ret

mov
mov
setb
setb

ret

clr

out_char

led_rs
10,#disp_buff
rL#16
a,@r0

0

out_char
rl,nextl

led_rs
a,#11000000b

out_char

led_rs
r0,#disp_buff+16
ri#16
a,@r0

0

out_char

rl,next2

count2,#1

counti,#0

thQ,#00
tmod,#22h
et0

scon,#50h
th1,#0e8h
trl

€s

led_e
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out_char:

func_service:

int0_service:

intQ_ret;

timerQ_service:

clr

mov
Icall
mov
leall
mov
Icall
mov
Icall
setb

ret

mov
lcall
clr

mov
setb
mov
Icall
clr

ret

ret

clr
push
inc
mov
cjne
mov
clr
setb
pop
setb

reti

clr
clr
setb

setb

led_rs
a,#00111100b
out_char
a,#00001100b
out_char
a,#00000110b
out_char
a,#00000001b
out_char

led_rs

r7,#03h
delay
led_rw

p0,a
led e

17,#04h
delay

led e

ea
acc
count2
a,count2
a,#10,int0_ret
count2 #0
trQ
tr0
acc

cea

et
ex0
es

ea
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timerQ_ret:

intl_service:

serial_service:
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push acc

inc countl

mov  a,countl
cjne a,#18,timer0_ret
mov  countl,#0
clr 0

leall read_volt_amp
Icall convert_value
Icall disp_convert
cr pl7

push 7

mov 17,44

Icall delay

pop 7

setb pl.7

mov  command,#3ah

clr  tf0
pop acc
setb et
setb ex0
reti

cr ea
setb ea
ret

cr ea
push acc

lcall rx_byte

cjne a,#07th,ser_ret
Icall rx_byte

cjne a,meter_id,ser_ret
lcall rx_byte

¢jne a#5,rec_chkl
leall rx_byte

mov  date,a

Icall x_byte

mov month,a

Icall rx_byte



ser_ret:

f_error:

rec_chkl:

rec_chk2:

rec_chk3:

mov year,a
Icall rx_byte

mov time_h,a
lcall rx_byte

mov time_m,a
lcall rx_byte

mov  command,#0ffh
Icall send_end

Icall write_time

pop acc
clr i
setb ea
reti

mov  command,#0ffh
sjmp ser_ret

cjne a,#4,rec_chk2
lcall rx_byte

push 7

mov  r7,#00h
Icall delay

lcall delay

pop 17

mov adate

lcall tx_byte

mov  a,month
lcall tx_byte

mov  ayear

Icall tx_byte

mov  atime_h
lcall tx_byte

mov atime_m
lcall tx_byte

mov  command,#0ffh
sjmp  ser_ret

cjne  a#3,rec_chk3

sjmp ser_ret

cjne a,#2rec_chk4
Icall rx_byte

lcall send_end
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res_unitl:

ser_retl:

rec_chk4:

rec_chk41:

send_end:

chk_serial:

mov
push
push
mov
mov
mov
mov
inc
djnz
pop
pop

sjmp

cjne
Icall
push
mov
Icall
Icall
pop

mov
mov
mov
Icall
dec

djnz
Icall

sjmp

push
mov
lcall
Icall
mov
Icall

pop

ret

mov

cjne

command,#0ffh
0
7
r0,#units
17,#16
a,#0
@r0,a
0
r7,res_unit]
7
0

ser_ret

a,#1,ser_ret
x_byte
7
17,#00h
delay
delay
7
r0,ffmas_unit+7
7,45
a.@r0
tx_byte
0
r7,rec_chk41
send_end

ser_retl

r7,#00h
delay
delay

a#3ah
tx_byte

a,command

a,#01h,ser_chk2
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ser_chk2:

ser_chk3:

ser_chk4:

ser_chkS:

read_unit_now:

read_nowl;

read_unit_old:

fcall
ret
¢jne
Icall
Icall
ret

cjne

Icall
Tet
cjne
lcall
push
push
Icall
pop
pop
mov
Icall
mov

ret

mov
mov
push
mov
mov
mov
inc
inc
djnz
pop

ret

mov
mov
Icall
mov
inc

mo

<
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send_unit

a,#02h,ser_chk3
read_unit_old

send_unit

a,#03h,ser_chk4
read_unit_now

send_unit

a,#4,ser_chk5

Zero_unit

r0,#mas_unit+3
rl,#cal_bufl
7
17,45
a,@r0
@rl,a
0
rl
r7,read_nowl

7

10,#cal_bufl
a,#11000001b
rd_rtc_byte
@r0,a
0
a,#11000011b



send_unit:

re_sendl:

zero_unit:

zerol:

cal_used_unit:

cal_usedl:

Icall
mov
inc

mov
Icall
mov
inc

mov
Icall
mov
inc

mov
lcall
mov

ret

mov
push
mov
mov
lcall
inc
djnz
mov

ret

mov
mov
mov
mov
inc

djnz

ret

leall
mov
mov
mov
mov

mov

rd_rtc_byte
@r0,a

0
a,#11000101b

rd_rtc_byte
@r0,a

0
a,#11000111b

rd_rtc;byte
@r0,a

0
a,#11001001b

rd_rtc_byte
@r0,a

r0,#cal_bufl

7

7,45

a,@r0
tx_byte
r0
r7,re_sendl

command,#0fth

r0,#units
17,416
a,#0
@r0,a

0

r7,zerol

read_unit_old
0 #cal_bufl+7
rl,#imas_unit+6
12,#0
7,44
a,@r0
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mov b,a
mov  a,@rl
cr ¢

subb a,r2
cr ¢

subb ab

jc  subbadj

mov cal_buf2,a

mov 12,#0
cal_used2: dec 10
dec rl

dinz r7,cal_usedl

mov  rl#cal_buf2

mov  r0,#cal_bufl

mov 7,48
cal_used3: mov  a@rl

mov  @r0.a

inc 10

inc rl

djnz r7,cal_used3

ret

subbadj: mov a,@rl
mov b,a
mov  a,@r0
cr ¢
subb ab
mov  12,#1]

sjmp  cal_used2

tx_byte: cr es
mov  sbuf,a
jnb .8
cr ti
push 7
mov  7,#80h
lcall delay
pop 7
setb es

ret



rx_byte:

read_time:

write_time:

jnb
mov
clr

ret

clr

mov
Icall
mov
mov
Icall
mov
mov
Icall
mov
mov
lcall
mov
mov
lcall
mov
mov
Icall
mov
setb

ret

clr

mov
mov
Icall
mov
mov
lcall
mov
mov
lcall
mov
mov

Icall
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ri,$
a,sbuf

ri

ea
a,#10000001b
rd_rtc_byte
time_s,a
a,#10000011b
rd_rtc_byte
time_m,a
a,#10000101b
rd_rtc_byte
time_h,a
8,#10000111b
rd_rtc_byte
date,a
a,#10001001b
rd_rtc_byte
month,a
a,4#10001101b
rd_rtc_byte
year,a

c€a

ea
a,#10001110b
b,#00h
wr_rtc_byte
a,#10000000b
b,#00h
wr_rtc_byte
a,#10000010b
b,time_m
wr_rtc_byte -
a,#10000100b
btime_h

wr_ric_byte



rd_mark:

rd_data:

rd_datal;

add_adj:

mov
mov
lcall
mov
mov
Icall
mov
mov
lcall
mov
mov
Icall
setb

ret

mov
lcall

ret

mov
Icall
mov
mov
lcall
mov
mov
mov
mov
lcall
Icall
mov
inc

djnz

ret

mov
1l
anl
orl

inc
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a,##10000110b
b,date
wr_ttc_byte
a,#10001000b
b,month
wr_rtc_byte
a,#10001100b
b,year
wr_rtc_byte
a,#10001110b
b,#80h
wr_ttc_byte

ca

a#11101111b
rd_rtc_byte

a,#11000001b
rd_rtc_byte
meter_id,a
a,#11000011b
rd_rtc_byte
meter_g,a
r0,#mas_unit
11,#2
17,48
add_adj
rd_rtc_byte
@r0,a
r0
r7,rd_datal

a,r2

a,#00111110b

2,#11000001b
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wr_mark:

wr_Command:

nextbit3:

wr_rtc_byte:

nextbit4:

rd_rtc_byte:

nextbitl:

ret

mov
mov
Icall
mov
mov
Icall
mov
mov
lcall

ret

mov
Icall
setb
mov
e
mov
Icall
djnz

ret

setb
Icall
mov
mov
rrc

mov
Icall
djnz
clr

mov
lcall

ret

setb
Icall
mov

mov
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a,#10001110b
b,#00h
wr_rtc_byte
a#11101110b
b,#3ah
wr_rtc_byte
a,#10001110b
b,#80h

wr_rtc_byte

r7,#4
delay
rtc_rst
r0,#8
a
rtc_data,c
stobe_sclk

r0,nextbit3

rtc_rst
wr_command
10,#8
a,b
a
rtc_data,c
stobe_sclk
rO,nextbit4
rtc_gst
r7,#4

delay

rtc_rst
wr_command
10,#8

c,rtc_data



stobe_sclk:

stobe_rd:

delay:

dit:

delayl:

convert_value:

leall
e
djnz
clr
mov
lcall

ret

mov
lcall
setb
leall
clr

lcall

ret

mov
Icall
setb
lcall
clr

Icall

ret

push
push
mov
dinz
djnz
pop

pop

ret

Icall
djnz

ret

mov
mov

lcall

stobe_sclk
a
r0,nextbit1
rtc_rst
17,#4

delay

17,#08h
delay
sclk
delay
sclk

delay

17,#08h
delay
sclk
delay
sclk

delay

07h
06h
r6,07h
16,8
r7,dll
06h
07h

delay
r6,delayl

r0,#voltage+3
a,voltage

hex2bcd

97



volt_factor:

amp_factor:

units_cal:

units_call:

mov
lcall
mov
lcall
mov
mov
lcall
mov
lcall
mov
Icall
Icall
mov
lcall
Icall

ret

db
db

push
push
push
push
push
mov
mov
mov
mov
mov
add

addc
mov
div

mov
mov
mov
dec

dec

dijnz
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dptr,#volt_factor+2
mul_factor

r0,#voltage
mov_value

a,current

r0,#current+3
hex2bed

dptr,#amp_factor+2
mul_factor

10,#current
mov_value
watts_cal

10,#watts
mov_value

units_cal

1,0,8
23,5

0
1
2
acc
b
rl #watts+5
r0,#units+7
r2,#0
r7,#6
a,@r0
a,@rl
a,r2
b,#10
ab
12,a
ab
@r0,a
0
rl

r7,units_call



units_cal2:

unit_ret:

mov
add
mov
div
mov
mov
mov
dec
mov
add
mov
div
mov
mov
inc
mov
cjne
inc
mov
cjne
mov
mov
dec
mov
mov
mov
mov
mov
inc
mov
div
mov
mov
mov
dec
mov
add
djnz
pop
pop

a,@r0
ar2
b,#10
ab
12,2
ab
@r0,a
0
a,@r0
ar2
b,#10
ab
ab
@r0,a
0
a,@r0
a,#7,unit_ret
0
a,@r0
a,#2,unit_ret
a,#0
@r0,a
0
@r0,a
r0,#mas_unit+7
12,K0
17,48
a,@r0
a
b,#10
ab
2,a
ab
@r0,a
r0
a,@r0
ar2
r7,units_cal2
b

acc
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watts_cal:

w_call:

w_cal2:

pop
pop
pop

ret

push
push
push
push
push
push
push
mov
mov
mov
mov
mov
lcall
mov
push
push
mov
push
mov
lcall
pop
mov
mov
mov
mov
mov
mov
mul
add
mov
div
mov
mov
mov

mov

0
1

2
3
4
)

acc

r2,#voltage+6

r3,#current+5

4, #cal_bufl+7

r5,#cal_buf2+7

10,#cal_bufl
clr_buf

16,#3

2

5

carry_b,#0

0

10,#cal_buf2
clr_buf

0

17,44

10,2

rl,3

a,@r0

b,a

a,@rl

ab

a,carry_b

b,#10
ab

carry_b,a

ab

10,5

@r0,a
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mul_factor:

re_mul2:

dec

dec

djnz
mov
mov
mov
Icall
pop

pop

dec

dec

dinz
mov
Icall
pop
pop
pop
pop
pop
pop
pop

ret

push
push
push
push
push
mov
Icall
pop

mov
mov
mov
push
mov
Icall

pop

dec

mov

15
2
17,w_cal2
10,5
acarry b
@r0,a
add_buf
5

2
3
5
ré,w_call

10, #watts

mov_value

acc

N oW b

0
1
dph
dp!
0.
10,#cal_bufl
clr_buf
0
15,#cal_buf2+8
4,0
16,#3
0
r0,#cal_buf2
clr_buf
0
5
10,4
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mov rl,5

mov r2,#0

mov r7,#3
re_mull: mov a,#0

move  a,@atdptr
mov b,a

mov a,@r0
dec 10

mul ab

add a2

mov bHIO0

div ab

mov r2,a

mov ab

mov (@rl,a
dec 1l

djnz r7,re_muil

Icall dec_dptr

mov  ar2
mov @rl,a
Icall add_buf

djnz r6,re_mul2

pop dpl ~
pop dph ‘
pop 1

pop O

ret

add_buf: push 0
push 1
push 2
push 7
push acc
mov  r0,#cal_bufl+7

mov  rl,#cal_buf2+7

mov 12,#0

mov 17,48
re_add: mov  a,@rl

add a,@r0

add ar2



mov_value:

re_mov:

clr_buf:

re_clr:
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mov b,#10
div ab
mov 12,a
mov ab
mov @r0,a
dec 10

dec rl

dinz 17,re_add

pop acc
pop 7
pop 2
pop 1
pop O
ret

push 0
push .1
push 7
push acc

mov  rl,Hcal_bufl
mov r7,#8

mov  a,@rl

mov  @r0,a

inc 10

inc rl

djnz r7,re_mov

pop acc
pop 7

pop 1

pop O

ret

push acc
mov r7,#8
mov  a#0
mov @r0,a
inc 10

dinz r7,re_clr
pop acc

ret



hex2bcd:

re_div:

dec_dptr:

ret

end
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push ©
push acc
mov  r7,#4
mov b#10
div ab
anl  b,#0fh
mov  @r0,b
dec 10
djinz ¢7,re_div
.pop acc
pop 0
ret
push acc
mov  a,dpl
cr ¢
subb a#l
mov dpl,a
mov  a,dph
subb a#0
mov dph,a
pop acc
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Tsunsudnveunsesdedaanauasdursusalime
;constant

dec_key equ pt.7

func_key equ pl.6

enter_key equ pl.5 "

inc_key equ pl3

:internal RAM address definition

cal_bufl equ 8h

cal_buf2 equ 14h
used_unit equ 38h
befor_unit equ 20h
now_unit equ 28h
rec_nol equ 30h
rec_no2 equ 31h
bath] equ 32h
bath2 equ 33h
meter_g equ 34h
bath_buf equ 35h
pointer_h equ 36h
pointer_! equ 37h
carry b equ 50h
disp_buff equ 8h

command equ 40h
meter_id equ 4lh
function equ 42h
countl equ 48h
count2 equ 4%h
time_h equ 4ah
time_m equ 4bh
time_s equ 4ch
date equ 4dh
month equ 4eh
year equ 4fh

lcd_data equ po

led_rs equ pl.2
led_rw equ pl.l

led e equ pl.0



rte_rst
rtc_data
sclk
atod_wr
adl_cs
ad2_cs
atod_rd

atod_intr

start:

wait_start:

first:

equ pl.o

equ pl.l

equ pl.2

equ p2.5

equ p2.6

equ p2.7

equ p2.4

equ p2.3

org 0000h

sjmp start

org  000bh

imp timerQ_service
mov  sp,#50h

mov  r6,#20

mov  r7,#00h

Icall delay

djnz ré6,wait_start
mov  meter_id,#0ah
mov  meter_g#1
mov time_s,#00h
mov  time_m,#00h
mov time_h,#00h
mov  date#%h
mov  month,#05h
mov  year,#98h
mov  bathl,#05h
mov  bath2,#00h
mov  function,#0
mov  dptr,#2
movx a,@dptr

cjne a#3ah,ex_ram_init

mov  dptr,#0
movx a,@dptr
mov  pointer_h,a
in¢  dptr

movx a,@dptr
mov - pointer_l,a
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ex_ram_init:

sys_init:

main:

inkey:

keyi:

key3:

disp_convert:

107

sjmp sys_init
mov  pointer_h,#0

mov  pointer_L#3

mov  dptr,#0
mov a#0
movx @dptr,a
inc  dptr

mov  a,#3
movx @dptr,a
inc dptr

mov  a#3ah
movx @dptr,a
clr led_e

Icall init_timer
Icall init_serial
Icall init_lcd
setb ea

Icall inkey

Icall disp_convert
mov  16,#2
mov 7,40
lcall delayl

sjmp main

jb  func_key,key2
inc  function

mov  a,function
cine a#il key2
mov  function,#0
jb  enter_key,key3
mov  a,function

ajmp chk_funcl

ret

lcall clr_dispbuff
mov  afunction
cjne a,#00h,disp d
lcall disp_time

Icall ' display

"



disp_d:

disp_funcl:

disp_msg:

copy_to_buf:

chk_funcl:

chk_func2:

chk_func3:

chk_func4:

ret
cjne
lcall
lcall
ret
mov
dec
mov
mul
add
mov
clr
addc
mov
lcall

ret

mov
mov
mov
movc
mov
inc
inc
djnz
lcall

ret

cjne
Icall
Icall
ret

cjne
lcall
ret

cjne
lcall
lcall
ret

cjne

a,#10,disp_funcl
disp_date
display

dptr,#func_msg
a

b#16

ab

a,dpl

dpl,a
a

a,dph

dph,a

disp_msg

10,#disp_buff
17,416
a#0
a,@atdptr
@r0,a
0
dptr
r7,copy_to_buf
display

a,#1,chk_func2
read_unit_used

price_cal

a,#2,chk_func3

reset_unit

a#3,chk_funcd

bathl_set

bath2_set

a#4,chk_funcs

108



chk_funcs:

chk_func6:

chk_func?:

chk_funcs8:

savel:

chk_func9:
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lcall read_time

ret

cjne a,#S,cth_funCG
lcall set_time

ret

cjne a#6,chk_func?
Icall set_meter_id
ret

cjne a,#7,chk_funcg
Icall price_cal

ret

cjne a,#8,chk_func9
mov  dph,pointer_h
mov  dpl,pointer_1
mov  a,meter_g
movx (@dptr,a

inc dptr

mov  a,meter_id

movx @dptr,a
inc dptr
mov 17,#16

mov  r0,#befor_unit
mov  a,@r0

movx @dptr,a

inc 10

inc dptr

djnz 17,savel

mov  pointer_h,dph
mov  pointer_l,dpl
mov  dptr,#0

mov  a,pointer_h
movx @dptr,a

inc dptr

mov  a,pointer_|
movx @dptr,a

mov dptr,#comp_msgA
leall msg_show

ret

cjne a,#9,chk_funcl0
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mov  dptr,#send_msg
Icall msg_show
jb  enter_key,$
mov  dptr,#wait_msg
lcall msg_show
mov  dptr,#3

chk_point: mov  a,dph
cjne a,pointer_h,send_data
mov  a,dpl
cjne a,pointer_l,send_data
mov  dpir,#comp_msg
lcall msg_sixow
ret

send_data: movx a,@dptr
lcall tx_byte
inc dptr
sjmp chk_point

ret

chk_funclO: cjne a,#10,chk_funcll
Icall date_set
Icall month_set
lcall year_set
ret

chk_funcll: cjne a,#0,chk_func ret
Icall hour_set

Icall min_get

ret
chk_func_ret: ret
date_set: mov  r0,#disp_buff+15

mov a,date
lcall bed2ascii
mov  @r0,a
dec 10

mov  adate
swap a

Icall bed2ascii
mov  @r0,a

mov  10,#disp_buff



disp_d_setl:

date_setl:

inc_date:

inc_datel:

dec_date:

dec_datel:

month_set:

mov

mov

mov

movc

mov
inc
inc
djnz
leall
mov
Icall
lcall
lcall
jnb
jnb
jb
ret
mov
lcall
inc
cjne
mov
lcall
mov
sjmp
mov
Icall
dec
cjne
mov
lcall
mov

sjmp

mo

<

mov
Icall
mov
dec

mov
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dptr,#date_set_msg
17,414
a#0
a,@at+dptr
@r0,a
10
dptr
r7,disp_d_setl
display
r7,#0
delay
delay
delay
inc_key,inc_date
dec_key,dec_date

enter_key,date_set1

a,date
bed2hex
a i
a,#32,inc_datel
a#l
hex2bcd
date,a
date_set
a,date
bed2hex
a
8,#0,dec_datel
a,#31
hex2bed
date,a

date_set

r0,#disp_buff+15
a,month
bed2ascii
@r0,a
0

a,month



disp_m_setl:

month_set!:

inc_month:

inc_monthl:

dec_month:

dec_monthl:

year_set:
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swap 8
Icall bed2ascii

mov @r0,a

mov  r0,#disp_buff

mov  dptr,#month_set_msg

mov r7#l4
mov  a,#0
a,@a+dptr
@r0,a

inc r0

movce

mov

inc  dptr
djinz r7,disp_m_set!
lcall display

mov r7,#0
lcall

Icall

delay
delay
lcall delay

jnb  inc_key,inc_month
jnb  dec_key,dec_month

jb  enter_key,month_setl

ret

mov  amonth

lcall bed2hex

inc a

cjne a,#13,inc_monthl
mov  a,#]

Icall hex2bcd

mov month,a

sjmp month_set

mov  a,month

lcall bed2hex

dec a

cjne a,#0ffh,dec_monthl
mov a#l2

Icall hex2bed

mov month,a

simp month_set

mov  10,#disp_buff+15
mov  a,year



disp_y_setl:

year_setl:

inc_year;

inc_yearl:

dec_year:

dec_yearl:

lcall bed2ascii

mov  @r0,a

dec 10

mov  a,year

swap a

Icall bed2ascii

mov  @r0,a

mov  r0,#disp_buff
mov  dptr#year_set_msg
mov  r7,#14

mov  a#0

move a,@a+dptr

mov
inc
inc
djnz
lcall
mov
Icall
Icall
lcall
jnb
jnb
jb
ret
mov
Icall
inc
cjne
mov
Icall
mov
simp

mov

dec

cjne
mov
Icall

mov

@r0,a
10
dptr
17,disp_y_setl
display

7,40
delay
delay
delay
inc_key,inc_year
dec_key,dec_year

enter_key,year_setl

a,year
bedZhex
a
a,#100,inc_yearl
a,#0
hex2bcd
year,a
year_set
a,year
bed2hex
a
a,#0ffh,dec_yearl
a,#99
hex2bcd

year,a
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hour_set:

disp_h_setl:

hour_setl;

inc_hour;

inc_hourl:

dec_hour:

sjmp

mov
mov
feall
mov
dec
mov
swap
Icall
mov
mov
mov
mov
mov
movc
mov
inc
inc
djnz
Icall
mov
Icall
Icall
Icall
jnb
jnb
jb
ret
mov
lcall
inc
cjne
mov
Icall
mov
simp
moy
Icall

dec
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year_set

10,#disp_buff+15
a,time_h
bed2ascii
@r0,a
r0
atime_h
a
bed2ascii
@r0,a
r0,#disp_buff
dptr,#hour_set_msg
r,#14
a,#0
a,@a+dptr
@r0,a
0
dptr
r7,disp_h_setl
display
17,40
delay
delay
delay
inc_key,inc_hour
dec_key,dec_hour

enter_key,hour_setl

atime_h
bed2hex
a
a,#24.inc_hourl
aH0
hex2bcd
time_h,a
hour_set
atime_h
bed2hex

a



dec_hourl:

min_set:

disp_mi_setl:

min_setl:

inc_min;

inc_minl;

cjne
mov
lcall
mov

sjmp

moyv
mov
Icall
mov
dec
mov
swap
Icall
mov
mov
mov
moy

mov
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a,#0ffh,dec_hour]
a#23

hex2bed
time_h,a

hour_set

r0,#disp_buff+15
atime_m
bed2ascii
@r0,a
0
atime_m
a
bed2ascii
@r0,a
r0,#disp_buff
dptr,#min_set_msg
17414
a,#0

move a,@a+dptr

mov
inc
inc
djnz
lcall
mov
lcatl
lcall
leall
jnb
jnb
jb
ret
mov
fcall
inc
cjne
mov
Icall

mov

@r0,a
0
dptr
17,disp_mi_setl
display
r1,#0
delay
delay "
delay
inc_key,inc_min
dec_key,dec_min

enter_key,min_setl

atime_m
bed2hex
a
a,#60,inc_min]
a#o
hex2bcd

time_m,a



dec_min:

dec_minl:

bathl_set:
bathl_setl:

inc_bathl:

inc_bathl11:

dec_bathl:

dec_bathl1:

bath2_set:

bath2_setl:

simp
mov
Icall
dec

cjne
mov
lcall
mov

sjmp

lcall
lcall
mov
lcall
Icall
Icall
jnb
jnb
jb
ret
mov
lcall
inc
cjne
mov
Icall
moy
simp
mov
Icall
dec
cjne
mov
Icall
mov

sjmp

Icall
Icall

mov
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min_set
a,time_m
bed2hex
a
a,#0fth,dec_min!
a,#59
hex2bcd
time_m,a

min_set

show_set_bath
display

r7,#0
delay
delay
delay
inc_key,inc_bath1
dec_key,dec_bath!

enter_key,bath1_setl

a,bathl
bed2hex
a
a,#100,inc_bathl1
a,#0
hex2bcd
bathl,a
bathl_set
a,bath!
bed2hex
a
a,#0ffh,dec_bathl1
a,#99
hex2bcd
bathl,a

bathl_set

show_set_bath
display
r7,#0



inc_bath2:

inc_bath21:

dec_bath2:

dec_bath21:

show_set_bath:

Icall
lcall
Ieall
jnb
jnb
jb
ret
mov
Icall
inc
cjne
mov
Icall
mov
sjmp
mov
Icall
dec
cjne
mov
Icall
mov

sjmp

mov
mov
lcall
mov
dec
mov
swap
Icall
mov
dec
mov
mov
dec
mov
lcall

moy
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delay
delay
delay
inc_key,inc_bath2
dec_key,dec_bath2

enter_key,bath2_setl

a,bath2
bed2hex
a
a,#100,inc_bath21
a,#0
hex2bed
bath2,a
bath2_set
a,bath2
bed2hex
a
a,#0ffh,dec_bath21
a,#99
hex2bcd
bath2,a
bath2_set

10,#disp_buff+15
a,bath2
bed2ascii
@r0,a
r0
a,bath2
a
bed2ascii
@r0,a
0
a#.!
@r0,a
0
a,bathl

bed2ascii

@r0,2
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dec 10
mov  a,bathl
swap a

lcall bed2ascii
mov  @r0,a
mov  r0,#disp_buff
mov  dptr.#bathl_set_msg
mov 17,#11
disp_bl_setl: mov a#0

movc  a,@a+dptr

mov  @r0,a
inc 10
inc dptr

djinz r7,disp_bl_setl

ret

read_unit_used: mov  command,#01h
Icall send_frame
Icall load_unit
mov  dptr,#unit_msg
lcall msg_copy
mov  r0,#disp_buff+15
mov  rl #used_unit+4
mov 7,45
read_ul: mov a,@rl
add a#0'
mov  @r0,a
dec 10
dec rl
djnz r7,read_ul
Icall display
mov  r6#5
mov 17,400
Icall delayl
jb  enter_key,$

ret

reset_unit; mov  command,#02h

leal! send_frame



read_time:

read_time_err:

set_time:

lcall

ret

mov
lcall
clr
clr
Icall
jc
mov
Icall
jc
mov
Icall
jc
mov
Icall
jc
mov
lcall
jc
mov
setb
mov
Icall
ret
mov
Icall

ret

lcall
moy
Icall
mov
Icall
mov
Icall
mov
lcall

moy

119

check_err

command,#04h
send_frame
p3.2
ri
:-n
x_byte
read_time_err
date,a
x_byte
read_time_err
month,a
X_byte
read_time_err
year,a
x_byte
read_time_err
time_h,a
rx_byte
read_time_err
time_m,a
p3.2
dptr,#comp_msg

msg_show

dptr,#err_msg

msg_show

send_head
a,#5
tx_byte
a,dese
tx_byt‘e
a,month
tx_byte
a,year
tx_byte

atime_h



set_meter_id:

set_g:

set_gl:

set_g3:

set_g2:

g setl:

Icall
mov
leall
lcall
leall

ret

lcall
lcall

ret

mov
moyv
mov

moy
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tx_byte
atime_m

tx_byte

send_tail

check_err

set_g

set_id

dptr,#g_set msg
10,#disp_buff
17,414

a#0

move a,@atdptr

mov
inc
inc
djnz
mov
mov
mov
mov
div
mov
mov
add
mov
dec
mov
djnz
lcall
mov
Icall
lcall
Icall
jnb
jnb

@r0,a

0

dptr
r7,set_gl
10, #disp_buff+15
a,meter_g
r7,#3
b#10

ab

2,a

ab

a#0
@r0,a

10

a,r2
17,set_g2
display
7,40
delay
delay
delay
inc_key,inc_g

dec_key,dec_g



inc_g:

dec_g:

set_id:

set_idl:

set_id3:

set_id2:

id_setl:

inc_id:

dec_id:
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jb  enter_key,g setl

ret
inc
sjmp
dec

sjmp

mov
mov
mov
mov
movce
mov
inc
inc
djnz
mov
mov
mov
mov
div
mov
mov
add
mov
dec
mov
djnz
Ieall
mov
lcall
lcall
lcall
job
jnb
jb
ret
inc
sjimp

dec

meter_g
set. g3
meter_g

set_g3

dptr,#id_set_msg
10,#disp_buff
17,#14
a#0
a,@atdptr
@r0,a
0
dptr
r7,set_id]
10, #disp_bufft+15
a,meter_id
17,43
b,#10
ab
12,2
ab
a#o
@r0,a
0
ar2
17,set_id2
display
r1,#0
delay
delay
delay
inc_key,inc_id
dec_key,dec_id

cnter_key,id_éetl

meter_id
set_id3

meter_id



pc_control:

msg_show:

load_unit;

re_load;

send_frame:

send_head:

send_tail:

check_err:

sjmp

ret

Icall
mov
mov
Icall
mov

ret

mov
mov
Icall
mov
inc

djnz
lcall

ret

Icall
mov
Jcall
lcall

ret

mov
lcall
mov
Icall

ret

mov
leall
mov
Icall
clr

ret

Icall

set_id3

disp_msg
16,#40
17,#0

delayl

function,#0

r0,#used_unit
17,#5

rx_byte
@r0,a

10

r7,re_load

check_err

send_head
a,command
tx_byte

send_tail

a,#07th
tx_byte
a,meter_id

tx_byte

a,#0feh
tx_byte

r7,#00h
delay

ri

rx_byte

122



123

jc  disp_err
cjne a#3ah,disp_err
mov  dptr,fcomp_msg
Icall msg_show
ret

disp_err: mov  dptr,ferr_msg
sjmp msg_show

ret

disp_time: mov  r0,#disp_buff+15

mov  atime_s
lcall bed2ascii
mov  @r0,a
dec 10

mov atime s
swap a

Icall bcd2ascii
mov @r0,a
dec 10

mov a#"
mov @r0,a
dec 10

mov  atime_m
Icall bed2ascii
mov @r0,a
dec 10

mov  atime_m
swap a

Icall bed2ascii
mov  @r0,a
dec 10

mov a#"’
mov  @r0,a
dec 10

mov  atime_h

Icall bcd2ascii
mov @r0,a
dec 10

mov  atime_h

swap @



disp_timel:

disp_date:

anl

lcall
mov
mov
mov
mov

mov

movc

mov
inc
inc
djnz

ret

mov
mov
Icall
mov
dec
mov
swap
Icall
mov
dec
mov
mov
dec
mov
Icall
mov
dec
mov
swap
Icall
mov
dec
mov
mov
dec

mov

a,#07h

bed2ascii
@r0,a
r0,#disp_buff
dptr,#time_msg
17, H4
a,#0
a,@a+dptr
@r0,a

0

dptr

r7,disp_timel

10,#disp_buff+15

a,year
bed2ascii

@r0,a
10

a,year

a
bed2ascii

@r0,a
10

aft

@r0,a
10

a,month
bed2ascii

@r0,a
0

a,month

a
bed2ascii

@r0,a
0

a#'f

@r0,a
0

a,date
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disp_datel:

clr_dispbuff:

clr_displ:

bed2ascii;

display:

nextl:

Icall
mov
dec
mov
swap
anl
Icall
mov
mov
mov
mov
mov
movc
mov
inc
inc
djnz

ret

mov
mov
mov
mov
inc

djnz

ret

anl
add

ret

clr

mov
lcall
setb
mov
mov
mov
inc

lcall

bed2ascii
@r0,a

10
a,date
a

a,#07h

bed2ascii
@r0,a
10,#disp_buff
dptr,#date_msg
17,44
a,#0
a,@a+dptr
@r0,a

0

dptr

17,disp_datel

17,832
10,#disp_buff
a#’
@r0,a

0

r7,clr_displ

a,#0fh
a,#30h

led_rs
a,#10000000b

out_char

led rs
r0,#disp_buff
rl,#8
2,@r0

0

out_char
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next2:

ram_init;

init_timer:

init_serial:

init_lcd:

dinz
mov
lcall
cir

mov
lcall
setb
mov
mov
mov
inc

lcall
dinz
clr

mov
lcall
setb

ret

mov
mov

ret

mov
mov
setb
setb
setb

ret

mov
mov
setb

ret

clr
clr
mov
lcall

mov
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rl,nextl
r7,#0
delay
led_rs
a,#11000000b
out_char
led_rs
r0,#disp_buff+8
rl,#8
a,@r0
0
out_char
rl,next2
led_rs
a,#00001100b
out_char

led_rs

count2,#1

countl,#0

th0,#00
tmod,#22h
tr0
et0

€a

scon,#50h
th1,#0e8h
tri

led_rs

led_rw
a,#38h

out_char

a,#0ch



out_char:

led_busy:

led_wait:

func_service:

timerQ_service:

Icall
mov
lcall
setb

ret

mov
Icall
clr

mov
setb
mov
lcall
clr

ret

mov
setb
clr
setb
mov
Icall
mov
cir
jb
setb

ret

ret

clr
push
push
push
push
inc
mov
cjne
mov

inc
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out_char
a,#08h
out_char

led_rs

r1,#3
delay
led_rw

p0,a
led_e

r1#10
delay
led_e

p0,#0ffh
led_rw
led_rs
led_e
17,#04h
delay
a,p0
led_e
acc.7,lcd_wait

led_rs

ea
psw
acc
b
2
count]
a,countl
a,#100,timer0_ret
count1,#0

count2



timerQ_ret:

bed2hex:
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mov  a,count2

cjne  a,#36,timer0_ret
mov  count2 #0
mov  atime_s

Icall bed2hex

inc a

lcall hex2bcd

mov time_s,a

cjne a,#60h,timer0_ret
mov  time_s,#0
mov  atime_m
Icall bed2hex

inc a

lcall hex2bed

mov time_m,a
cjne a,#60h,timer0_ret
mov time_m;#0
mov atime_h

Icall bed2hex

inc a

lcall hex2bed

mov time_h,a

cjne a,#24h,timer0_ret
mov time_h,#0

cr 0

pop 2

pop b

pop acc

pop  psw

setb ea

reti

mov b,a

anl a,#0fh

mov r2,a

mov ab

anl  a#0fOh

swap a

mov  b#10

mul ab



hex2bcd:

tx_byte:

rx_byte:

x_b2:

x_bl:

x_ret
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add ar2

ret

mov  b#10
div ab

mov r12b
swap a

anl  a,#0fOh
mov b,a
mov a,r2

anl  a#0fh
ol ab

ret \
clr ren

mov  sbuf,a
job .3

cr i

push 7

mov  7,#80h
lcall delay
pop 7 ;
setb ren

ret

push 6

push 7

mov  r6,#0
mov 7,#0
jb i bl
djinz 17,rx_b2
djinz  r6,rx_b2
setb ¢

sjmp rx_ret
mov  asbuf
cr ¢

clr i

pop 7

pop 6

ret



delay:

di1:

delayl:

cal_used_unit;

cal_used]:

cal_used2:

cal_used3:

push
push
mov
djnz
djnz
pop

pop

ret

lcall
djnz

ret

Icall
mov
mov
mov
mov
mov
mov
mov
clr
subb
clr
subb
jc
mov
mov
dec
dec
djnz
mov
mov
mov
mov
mov
inc
inc

djnz
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07h
06h
r6,07h
16,8
r7,d11
06h
07h

delay
16,delayl

read_unit_old
10,#cal_bufl+7
rl,#now_unit+4
r2,#0
1,#4
a,@r0
b,a
a,@rl
c
a,12
c
ab
subbadj
cal_buf2,a .
r2,#0
0
rl
r7,cal_used!]
rl,#cal_buf2
r0,#ical_bufl
r7,#8
a,@r!
@r0,a
0
rl
r7,cal_used3



subbadj:

read_unit_old:

read_old1:

test_unit;

testl:

test:

price_cal:

mov
mov
Icall
ret
mov
mov
mov
cir
subb
mov

simp

mov
mov
mov
mov
mov
inc

inc

dinz

ret

mov
mov
mov
mov
move
mov
inc
inc
djnz
ret
db

Icall
mov
Jeall
mov
mov

mov
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10,#used_unit
ri, #cal_bufl

mov_value

a,@rl

b,a

a,@r0
c

ab

r2,#1

cal_used2

10,#cal_bufl+3
rl,#befor_unit
17,85
8,@rl
@r0,a

r0

rl

17,read_oldl

r0,#used_unit
dptr,fitest
17,45
a0
a,@a+dptr
@r0,a

r0

dptr

r7,testl

0,1,54,6

test_unit
dptr,flused_msg

msg_copy
rQ,#disp_buff+15
rl,#used_unit+4
a,@rl



p_cald:

p_call:

p_cal2;

add
mov
dec
dec
mov

mov

mov
mov
add
mov
dec
dec
djnz
lcall
mov
mov
Icall
jb
Icall
mov
mov
mov
mov
mov
leall
mov
push
push
mov
push
mov
Icall
pop
mov
mov
mov
mov
mov

mov
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o
@r0,a

rl
a#.!
@r0,a
0
17,44
a,@rl
a,#'0'
@r0,a
0
rl
17,p_cald
display
16,#5
r7,#0
delayl
enter_key,$
bath2buf
12,#used_unit+4
13,#bath_buf+3
14, #cal_bufl+12
r5,#cal_buf2+12
r0,#cal_bufl
clr_buf
r6,#4
2
5
_b,#0
0
10,#cal_buf2
clr_buf
0
17,45
r0,2
rl,3
a,@r0
b,a
a,@rl



cal_p2:

cal_p3:

mul
add

mov
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ab

a,carry_b
b#10

div ab

mov
mov
mov
mov
dec

dec

djnz
mov
mov
mov
lcall
pop

pop

dec

dec

djnz
mov
mov
Icall
mov
Icall
mov
mov
mov
mov
add

mov
dec

dec

djnz
mov
mov
dec

mov
mov

add

carry_b,a
ab
10,5
@r0,a
1§
r2
r1,p_cal2
10,5
a,carry_b
@r0,2
add_buf
5
2
3
5
16,p_call
10,#bath_buf
rl #cal_bufl+4
mov_value
“dptr,#price_msg
msg_copy
rl #bath_buf+7
10,#disp_buff+15
rl,#2
a,@rl
a#'0
@r0,a
10
rl
r7,cal_p2
a#)
@r0,a
10
7,46

8,@rl
a#'0
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mov @r0,a
dec 10
dec rl

dinz 17,cal_p3
Icall display

mov  r16,#5
mov 17,#00h
Icall delayl

jb  enter_key,$

ret

msg_copy: mov  17,#14
mov  r0,fdisp_buff
cal pl: mov  a#0

move a,@a+tdptr

mov @r0,a
inc dptr
inc r0

djnz r7,cal_pl

ret

bath2buf: mov  10,#bath_buf+3
mov  abath2
anl a#0fh
mov @r0,a
dec 10
mov  abath2
swap a
anl a,#0fh
mov  @r0,a
dec 10
mov  abathl
anl a#0fh
mov  @r0,a
dec 0

mov  a,bathl

swap a
anl a#0fh
mov  @r0,a

ret



add_buf:

re_add:

mov_value:

re_mov:

push
push
push
push
push
mov
mov
mov
mov
mov
add

add

+ mov

div
mov
mov
mov
dec
dec
djnz
pop
pop
pop
pop
pop

ret

push
push
push
mov
mov
mov
inc
inc
djnz
pop
pop
pop
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2
7
acc
10,#cal_bufl+12
rl,#cal_buf2+12
r2,#0
r7.#12
a,@rl
a,@r0
a,r2
b,#10
ab
2,a
ab
@r0,a
10
rl
rire_add
acc
7
2
1

acc
17,48
a,@rl
@r0,a
0
rl
17,re_mov
acc
7
0



clr_buf:

re_clr:

dec_dptr:

comp_msg:
err_msg;
time_msg:
date_msg:
date_set_msg:
month_set_msg:
year_set_msg;
hour_set_msg:
min_set_msg:
bathl_set_msg:
g_set_msg:
id_set_msg:
unit_msg:
used_msg:
price_msg:
send_msg:
wait_msg;

func_msg:

ret

push
mov
mov
mov
inc
djnz
pop
ret

push
mov
clr
subb
mov
mov
subb
mov
pop

ret
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acc
,#14
a,#0
@r0,a

0
rlre_clr

acc

acc

a,dpl

afl
dpl,a
a,dph
a,#0
dph,a

acc

' Completed. '

Error!
'Time'
'Date’
'Date set=> '
‘Month set=> '
Year set=> |
'Hour set=> '
‘Minute set=> '
‘Bath/unit=> '
'Meter group=> '
‘Meter id=> !
'Unit= !
‘Unitused '
'Price '
‘Ready to send, '
'Please wait.

'Read used unit. ' ;1



db
db
db
db
db
db
db
db

end
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‘Resetunit. ' ;2
‘Bath/Unit Preset'  .;3
'‘Read date&time.' 4
‘Set date&time. ' ;5
‘Change meter ID.! ;6
‘Price Calculate.! ;7
‘Save data. ' ;8

‘Upload data. * ;9
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National Semiconductor

ADC0801/ADC0802/ADC0803/ADC0804/ADC0805
8-Bit uP Compatible A/D Converters

General Description

The ADC0801, ADCO0802, ADC0803, ADCO0804 and
ADCO0805 are CMOS B8-bit successive approximation A/D
converters that use a differential potentiometric ladder-—
similar to the 256R products. These converters are de-
signed 10 allow operation with the NSC800 and INS8080A
derivative contro! bus with TRI-STATE™ output latches di-
rectly driving the data bus. These A/Ds appear like memory
locations or 1/Q ports to the microorocessor and no ntar-.
facing logic is needed.

Differential analog voltage inputs allow increasing the com.
mon-mode rejection and offsetling the analog zero ‘nput
voltage value. In addition, the voltage reference input can
oe adjusted lo allow encoding any smaller analog voltage
span to the {ull 8 bits of resolution.

Key Specifications

December 1994

Ditterential analog voltage tnputs

Logtc inputs and outputs meet both MOS and TTL volt-
age level zpecifications

Works with 2.5V (LM336) voltage reference

On-chip clock generator

OV 1o SV analog input voltage range with single 5V
supply -

No zero adjust required

0.3" slar.[:l:‘.lj width 20-om DIP package

20-pin_‘m.oldad chip carrier or small outline package
Operates ratiometnically or with 5 Vpc, 2.5 Vpc. or ana-
log span adjusted voliage reference

|
i
|

Features m Resolution . 8 bus
® Compatible with 8080 uP dervatves—no nterfacng % Total error =% LSB. -'» LSBand 1 LSB
logic needed - access lime - 135 ns = Conversion time . 100 us
m Easy interface 1o all microprocessors. or operates
“stand alone”
Typical Applications
W
e m‘ ) ! 2 T
e (Y 83 . f
P (Y WR _ PR TRANSOUCER
- ERad ) P -
| INTR oo ! 1417 RESOLUTION
\ ez _*i ﬂV!RAGNV,n(?lED
ANALOG N
‘any B fe— :: o s | < voul'nu nce
WPRACESSON - - 088 ' >0l" wrurs sEESICTIoN? Y
ot4 : T
LI S s omo : l_____<
+ 2% Jou sy e aps
" n, wis b ——OSEESECTION - T = i
- 1 v T A
+ oM N0 7 w
TL/k/8671 -1

-

8080 Interface

Errar Specitication (Includes Fuil-Scale,

Zero Error. and Non-Linearity)
& .0 i Full-
Part VRge/2= 2.500 V Vgrer/2 =No Connection
Scale oc } VREF
1] SE—— Number R {No Adjustments) (No Adjustments)
sseass, Adjusted
e . o ADCOB0' | v, LSB
14,
e O] (AT ADC0802 +v, LSB
'ADC0803 | =4 L5B
DATA
: ! ADC0804 z1LS8
’LADcosos l £11S8
TUF/5471-91
T3LSTATE* 13 3 regr ol Nasona Cop
2-00% @ a regatered radaman of Ziop Con.
1995 N anonas Samconducior Coparason TLiMI%TE MAIIOMLS, Sanegn J S A

sial48Au0) /v sjanedwo) dv ug-g

§0800dVv/¥0800QV/€0800AV/20800AY/1L0800AY



AC Electrical Characteristics (continued)
The foliowing specifications apply for Vog = 5Vpg and Ty & Ta s Tmax, unless otherwise specified.

T 1
Symbol J Parameter [ Conditions ] Min | Typ ] Max l Units
CONTROL INPUTS [Note: CLK IN (Pin 4) is the input of a Schmiltt trigger circuit and is therefore spectfied separately]
Vin (0} Logical “0"' Input Voltage Veo=4.75 Vg 0.8 Voc
{Except Pin 4 CLK IN)
Iin (1) Logical “1" Input Current ViN=5Vpc 0.005 1 uApCc
(All Inputs)
YN (0) Logical 0" input Current Vin=0 Vpg -1 -0 005 wApge
(All Inputs) A .
CLOCK IN AND CLOCK R
VT + CLK IN {Pin 4) Positive Going 2.7 3.1 3.5 Voc
Threshold Voltage
V- CLK IN {Pin 4) Negative 1.5 18 2.1 Vng
Going Threshold Voltage
: T
VH CLK IN {Pin 4) Hysteresis . 0.5 1.3 2.0 Voc
Vr+)=(vr=)
Vour (0 Logical “0" CLK R Qutout ig=360 uA 0.4 Voe
Voltage Vee =4.75 Vpe
Vour (1} Logical “1" CLK R Qutput lo= —360 pA 2.4 Voc
Voltage Veo=4.75Vpe ) | i
DATA OUTPUTS AND INTR '
Vour (0) Logical “0°" Qutput Voltage I
Data Quiputs louT= 1.6 MA, Ve =475 Vpg | 0.4 Yo
INTR OQutput louT = 1.0 MA. Ve = 4.75 Vg 04 | Vng
Vout (1) Logical “1" Qutput Vollage lg= =360 uA. Voo = 4.75 Vpe 2.4 [ “oc
Vour (1) Logical 1" Qutput Voltage lo=—10uAVec=a75Vpc | =3 ' ovpe
'ouT TRI-STATE Disabled Cutput Vet -0 Vae -3 2Anc
Leakage \All Data Buflers) Vout=5Vpe . 3 HADC
IsouRce Voyt Short to Gnd, T4 = 25°C 25 6 i mApgc
IsiNK Veur Shortto Vg, Ta=25'C 8.0 16 ] mADé
POWER SUPPLY
lcc Sueply Current {Includes foLk = 640 kHz. ’ !
Ladder Current) VRes/2=NC. T4 =25°C |
and TS =35V ! i
ADC0801/02/03/04L.CJ/05 | S 1.8 mA
ADC0804LCN/LCV/LCWM [ L 25 mA

Note 1: Absohte Maximum Ratingy indicate kruts bayond which damag e 1o the devce may accur OC and AC als:ncai specifications do nat apply when operating
the Jewvice peyond ¢3 specifie? sperating conatons.

Note 2: All votages are measured witn respect tc Gnd. uniess otharisa speciiiad The saparais A Gnd point »acuia aiways 0@ wiredd 10 the 0 Gnd

Note 3: A zener diode ewsts, .tarnally trom Vg 1o Gnd and nas a moical preakdown voltage ot 7 Vg

Note &: For Viy =) e Vin( -3 iha dgial output 2ode will be 0000 OGO Two 0n-cn0 diades are ted 15 +ach 35 T3 1NOUL {$de picck 3agram) wiich wil terward
CaNCUCT for analog INPut voltages one do0e arod below ground o nd Z0de droc Freater than the Veg suoply 24 saretul auring 1asung at fow Vg levels {4 3V)
33 fugh lavei anaiog nputs {5V) can causs thus input diode to cenduct-33Deciady at al@vated temperatures and tausd wTors for analog inouts near tull-gscale Tha
spec allows 50 mV forward bras of ether mode. Tlvs means that as tcng as tha analog Viy does not exceed tne supply vortage by mord than 50 mV the output
code will be carrect. To achvave an absolute 0 Vac 10 5 Vng input verage range will tharefore raqure a minimum suppty vonage of 4 950 Vnp over tamperature
varlatons. inibal tolerance and loading. ~

Note 5: Accuracy is guarantead at fo g = 640 kHz. At higher clock frequencies accwracy can degrade. For lowar clock frequencias, the duty cycle imits can be
extonded so long as the mintmum clock hugn time interval or mimum ciock low iMe 1nterval is no less than 275 ns,

Note 6: With an asynchronous start puise. up 1o 8 clock penods mav 0@ requred telora the internal ciock Phasas are Drooer to start the conversian process The
start requast is internally (stched. s9e Figure 2 and section 2.0

Nots 7: The C5 input ts assumaed to bracket the WH strobe 1NOUt and thirafora ameng 3 dependant on the WR t_ye with. An arbitrarly wide puise width wilt notd
the conventer in a reset mode and the Stan Gf CONVErEION IS INUALET v 1he 0w 19 Nugh ransition cf the WR bods 1509 umng dragrams).

Note 8: None of these A/Os requires a zero adpst (see section 2.5.1) To obtain 2610 code at other analog inaut voltages see yaction 2.5 and Figure 5.

Note 9: Tha Vazp/2 pinis the center paint of a two-resistor dwider connacted from Vg to ground. In all varscns of the ADC0801, AQC0802. ADCO803. and
ADCOB0S. and in the ADCOBOALC.. sach resistor 1s typically 16 Ked. in ali versions of the ADCOB04 axcept the ADCOB04LCY. sach resistor is typicalty 2.2 k2.

Note 10: Human body model 100 pF discharged through a 1.5 kiR rasistor.




Typical Applications (continved)
Directly Converting a Low-Level Signal A uP Interfaced Comparator
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TRI-STATE Test Circuits and Waveforms

Veo
L
44

tin tiH, C = 10 pF ton ton, C.= 10 pF

0ATA 10
ouTIUT
AD 0ATA
c " 1] outeyT
8 Von 0 ‘ce
0ATA R [} CATA
auteytrs QuIryTs
= = 640 Yae
= S . =
v W =
te=20 ng ty=20 ns

Tlmmg Diagrams {All tming 1s measured from the 50% voltage points)

START
CONVERSION

44

#R

ACTUAL INTERWAL
STATUS OF THE
CONVERTER

WTR

—\ ——
D 2

TL/R/5871 -0

QATA S VALIO N
; QUTPUY LATCHES

we—| |—
=1 nYWRIL Maas AUy
“NOT BYSY"” Z[ 3
VTO T itcyx - INTERNAL Tg
{LAST DATA WAS READ}
{LAST DATAWAY NOT READ) __71(

; INF ASSERIED

' ]
— 2Tk

Output Enable and ResetINTR

T\

i NOTE

0ATA - TRISTATE”
WIS = — — — = = = = —_— e e -, —— o

——— ALL  fm—

1M o f—

Note. Read stroba must occur § clock oensds (8/1~ «) after assertion of interruot to guarantee reset of INTR

TL /5671 -4
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Functional Description

1.0 UNDERSTANDING A/D ERROR SPECS

A perfect A/D transfer characteristic {starrcase waveform) is
shown in Figure !a. The horizontal scale 1s analog input
voltage and the particular points labeled are in steps of 1
LSB (19.53 mV with 2.5V tied to the Vggg/2 pin). The digital
output codes that correspond to these inputs are shown as
D~1,D, and D+ 1. For the perfect A/D, not only will center-
value (A~1, A A+1, ., . .} analog inputs produce the cor-
rect output ditigal codes, but also each niser {the transitions
between adjacent output codes) will be located *'4 LSB
away from each center-value. As shown, the risers are 1deal
and have no width. Corract digital output codes will be pro-
vided for a rangs of analog input voitages that extend +Y;
LSB lrom the ideal center-values. Each Iread {the range of
analog tnput voltage that provides the same digital output
code) is therefore 1 LSB wide.

Figure 16 shows a worst case error plot for the ADC08N1.
All centor-valued inputs are guaranteed to produce the cor-
rect output codes and the adjacent nsers are guaranteed to
be no closer to the center-value coints than +1; _SB. !n

Transfer Function

DIGITAL QwieuT CoDE

A= A EX2}
ANALOG INFUT Ivy )

other words, if we apply an analog input equal to the center-
value £ ', LSB, we guarantee that the A/D will produce the
correct digital code. The maximum range of the position of
the code transition 1s indicated by the horizontal arrow and it
is guaranteed to be no more than ' LSB.

The error curve of Figure 1c shows a worst case error plot
for the ADCOB02, Here we guarantee that if we apply an
analog input equal to the LSB analog voltage center-value
th&' A/D will produce the correct digital code.

Next to each transier function is shown the corresponding
error plot. Many people may be more familiar with error plots
than transfer functions. The analog input voltage to the A/D
is provided by either a linear ramo or by the discrete output
steps of a high resolution DAC. Motice that the arror is con-
inuously displayed and includes the quantization uncertain-
ty of the A/D. For example the error at point 1 of Figure 1a
is 14 LSB because the digital code appeared ‘4 LS8 in
advanco of the center-value of the tread. Tha arror plots
always have a constant negative siope and the abrupt up-
side steps are always ! LSB in magnitude.

Error Plot

+1LSD

s

CRROR

“riss L i
A= 4 FER]

-

ANALQG INPUT tY

a) Accuracy ~ + 0 LSB: A Perfect A/D

Transfer Function

Q61ITAL QuTPUT CODE

i
i
'
A

A= 1 LN
AWALQG INPUT IV i

Error Plot

RS
*VALSY

A

.. OUANT
*ernoR

A=t " Aot
ANALOG INWUT (v

b) Accuracy = + ‘/,,Lsé

Transter Function

DIGIYAL BuTrYT CODL
°
.
< -
T T

A~ 4 det
ANALOG INPUT (Vi)

Error Plot

18

g . k L ‘Lunt
- !

|

!

A X TTITY
:
- . :

______ R R P

U :

-1is
A=t A dey

ANALOG INPUT (v}

¢) Accuracy = + 14 LSB
FIGURE 1. Claritying the Error Specs of an A/D Converter
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Functional Description (continued)

After the “1" is clocked through the 8-bit shift register
(which completes the SAR search) it appears as the input to
the D-type latch, LATCH 1, As soon as this “1" is oulput
from the shift register. the AND gate, G2, causes the new
digital word to transfer to the TRI-STATE output latches.
When LATCH 1 is subsequently enabled, the Q output
makes a high-to-low transition which causes the INTR F/F
to set.”An inverting bufier then suopiies the INTR input sig-
nal.

Note that this SET control of the INTR F/F remains low for
8 of the external clock periods (as the internal clocks run at
14 of the frequency of the external clock). If the data output
is continuously enabled (T3 and RD both held low). the
INTH output will still signal the end of conversion {by a high-
to-low transition), because the SET input can control the Q
output of the INTR F/F even though the RESET input 1s
constantly at a ““1"* level in this operating mode. This INTR
output will therefore stay low for the duration of the SET
signal, which is 8 periods of the externai clock frequency
(assuming the A/D is not started dunng this interval).
When operating in the free-running or continuous conver-
sion mode (INTR pin ted to WH and C3 wired low—see
also section 2.8), the START F/F is SET by the high-to-low
transition of the INTR signal. This resets the SHIFT REGIS-
TER which causes the input to the D-type laich, LATCH 1,
to go low. As the latch enable input 1s stll present. the a
output will go high, which then allows the INTR F/F to be
RESET. This reduces the width of the resulting iNTR output
puise 10 only a lew propagation delays (approximately 300
ns).

When data is to be read. the comoination of both CS and
RD oeing low will cause the INTR F/F to be reset and the
TRI-STATE output latches will be enabied 1o provide the a-
oit digital outputs.

2.1 Digitat Control Inputs
The digital control inputs (CS. RD. and WR) meet standard
T2, fogic voltage levels. These signals have been renamed
when compared to the standard A/D Start and Qutput En-
able labels. In addition. these inputs are active low to allow
an easy interface to microprocessor control ousses. For
non-microprocessor based applications. the CS input {g.n 1)
can be grounded and the standard A/D Start function is
obtained by an active low pulse applied at the WR input (pin
3} and the Qutput Enable function is caused by an active
low oulse at the RD input (pin 2).

2.2 Analog Differential Voltage inputs and
Common-Made Rejection

This A/D has additional applications flexiaility due 10 the
analog differantial voitage input. The Vin(=) input (gin 7)
can be used to automatically subtract a fixed voitage value
from the input reading (tare correction). This is also usaiful in
4 mA-20 mA current loop conversion, In addition, common-
mode noise can be reduced by use of the differential inout,
The time intervai between sampling Vin(+) and Vin(—) s 4-
2 clock periods. The maximum error voltage due to this

\

slight time difference between the input voltage samples is
given by:

4.5
AV,a(MAX) = (Vp) (2mem) (—" )'
foik

where:
AV, is the error voltage due to sampling delay
Vp 1s the peak value of the common-mode voltage
fem 1S the common-mode irequency

As an example. to keep this error 10 Y4 LSB (~ 5 mV) when
operating with a 60 Hz common-mode frequency, fem, and
using a 640 kHz A/D clock, gk, would allow a peak value
of the common-mode voltage, Vp. which is given by:

_ [8Veman touk)]
(27lym) (4.5)
or ~
(5. 10-3) (640 103)
T T (6.28)(60) (4.5)
which gives
Vo™ 18V, .
The allowed range of analog :nput voliages usually places
more severe restnctions on nput common-mods noise lev-
als.
An analog input voltage with a reduced span and a relatively
large zero offset can be handled easily by making use of the
differentral iInout (see section 2.4 Reference Voltage).

Ve

2.3 Analog Inputs

2.3.1 Input Current

Normai Made

Due 1o the internal switching action. displacement currents

will fiow at the analog inputs. “his .s due 1© on-chio stray
capacilance to ground as shown in Figure 3
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FIGURE 3. Analog Input Impedance




rl

fo

Functional Description (continued)
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a) Analog Input Signal Example
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b) Accommodating an Analog Input from

0.5V (Digital Out = = 00yex) to 3.5V
(Digital Qut = FFygy)

FIGURE 5. Adapting the A/D Analog Input Volitages to Match an Arbitrary Input Signal Range

2.4.2 Reference Accuracy Requirements

The converter can be operated in a ratiometric mode or an
absolute mode. In ratiometric converter applications. the
magnitude of the reference voitage 1s a factor in both ihe
output of the source transducer and the output of the A/D
converter and therefore cancels out in the final digital outzul
code. The ADCOBOS is specified particularly for use in ratio-
metric applications with no adjustments required. In aoso-
lute conversion applications, both the initial value and the
temperature stabiiity of the reference voltage are important
factors in the accuracy of the A/D converter. For Vagr/2
voltages of 2.4 Vpc nominal vaiue. initial errors of =10
mVpc will cause conversion errors of +1 (.SB due to the
gain of 2 of the Vgep/2 inpul. In reduced span applicatons.
the initial value and the stability of the VReF/2 innut voltage
bacome even more important. For example, if the span 1s
reduced to 2.5V. the analog input LSB voltage value is cor-
respondingly reduced from 20 mV (5V sp’an) to 10 mV and
1 LSB at the VRgr/2 input bacomes S mV. As can be seen,
this reduces the allowed initial tolerance of the reference
voltage and requires correspondingly less absolute change
with temperature variations. Note that spans smaller than
2.5V place even lighter requirements on the initial accuracy
and stability of the reference source.

in general, the magnitude of the reference voltage will re-
quire an initial adjustment. Errors due to an improper value
of reference voltage appear as full-scale errors in the A/D
transfer function. IC voltage regulators may be used for ref-
erences if the ambient temperature changes are not exces-
sive. The LM3368 2.5V IC reference diode {from Natonal
Semiconductor) has a temperature stability of 1.8 mV typ
(6 mV max} over 0°C<Tas +70°C. Other temperature
range parts are also available.

2.5 Errors and Reference Voltage Adjustments

2.5.1 Zero Ertor

The zero of the A/D does not require adjustment. if the
minimum analog incut voltage value. VIN(MIN), is not ground.
3 zero offset can bs done. The converter can be made 1o
output 0000 0000 digital code for this minimum input voltage
by oiasing the A/D Vin{—) inpul at this Vingviny value (see
Applications section:. This utilizes the ditterential mode op-
eration of the A/D.

The zero error of the A/D converter relates to the location
of the first nser of the transter function and can be mea-
sured hy grounding the Vyy (=) input and applying a small
magnitude positive voitage 10 the Viy { + ) inpul. Zero error
s the difference between the actual DC input voltage thatis
necessary 10 just cause an outout digital code transition
from 0000 0000 to Q000 000t and the ideal Y2 LSB value
(2 LS8 = 9.8 mV for VRgp/2 = 2.500 Vpc).

2.5.2 Full-Scale

The full-scale adjustment can be made by applying a ditfer-
ential inout voitage that is 14 LSB less than the desired
analog tull-scale voltage range and then adjusting the mag-
nitude &f the VRer/2 nout {pin 9 or the Ve supply if pin 9 is
not ueed) for a digitat output code that is just changing from
1111 1110 t0 1111 1111,

———d
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Functional Description (continued)

A single point analog ground that is separate from the logic
ground points should be used. The power supply bypass
capacitor and the self-clocking capacitor (if used) should
both be returned to digital ground. Any Vgeg/2 bypass ca-
pacttors, analog input filter capacitors, or input signal shieid-
ing should be’returned to the analog ground point. A test for
proper grounding is to measure the zero error of the A/D
converter. Zero errors in excess of Y LSB can usually pe
traced to improper board layout and wiring {see section
2.5.1 for measuring the zero error).

3.0 TESTING THE A/D CONVERTER

There are many degrees of complexity associated with test-
ing an A/D converter. One of the simplest tests is to apply a
known analog input voltage to the converter and Jse LEDs
to display the resulting digital output code as shown in Fig-
ure 7.

For ease of testing, the Vggr/2 (pin 9} should be supplied
with 2,560 Vpc and a Vg supply voltage ot 5.12 ‘/pg
should be used. This provides an LSB value of 20 mv.

It a full-scale adjustment is to oe made. an analog nout
voltage of 5.090 Vpg (5.120~114 LSB) should be apphed to
the Vin(+) pin with the Vin(—) pin grounded. The value of
the Vrer/2 input voltage shouid then be adjusted until the
digital output code is just changing from 1111 111010 **11
1111, This value of Vgggs/2 should then be used tor all the
tests.

The digital output LED display can be decoded vy div-ding
the 8 bits into 2 hex characters, the 4 most significant {MS)
and the 4 least significant {LS). Table : shows the fract-onal
bihary equivalent of these two 4-bit groups. By adding the
voltages obtained from the “VMS'" and “VLS” colurrs n
Table I the nominal value of the digital disolay {when
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FIGURE 7. Basic A/D Tester

VRer/2 = 2.560V) can be determined, For example, for an
output LED display of 1011 0140 or B6 (in hex), the voltage
values from the lable are 3.520 + 0.120 or 3.640 Vpc
These voltage vaiues represent the center-values of a per-
tect A/D converter. The affects of quantization error have to
be accounted for in the interpretation of the test results.
For a higher speed test system. or to obtain piotted data. a
digital-to-analog converter is needed for the test set-up. An
accurate 10-bit DAC can serve as the precision voltage
source for the A/D, Errors of the' A/D under test can be
expressed as gither analog'voltages or differences in 2 digi-
tal words.

A basic A/D tester that uses a DAC and provides the error
as an analog output voltage :s shown in Figure 8. The 2 op
amps can be efiminated if a lab DVM with a numerical sup-
traction feature is availabie to read the difference voitage,
“A-C", directly. The analog input voltage can he supplied
hy a low frequency ramp generator and an X-Y piotter can
be used [0 provide analog error (Y axis) versus analog input
(X axis).

For operation with a microprocessor or a computer-nased
test system. :tis more convenient to present the errors digi-
tally. This can be done with the circuit of Figure 9, where the
outpul code transitions can be detected as the 10-bit DAC is
incremented, This provides 4 LSB steps for the 8-bit A7D
under test. [f the results of this test are automatically plotted
with the analog input on the X axis and the error (in LSB's)
as the Y axis. a usalul transier function of the A/D unaer
test results. For accentance testing. the plot is not neces-
sary and the testing speed can be increased by establishing
internal hmits on the allowed error for each code.

4.0 MICROPROCESSOR INTERFACING

To dicuss the interface with 8080A and 6800 microproces-
sors, a common samole subroutine structure is used. The
microorocessor starts the A/D. reads and stores the results
of 16 successive conversions. then returns o the user's
program: The 16 dala bytes are storad n "6 successiwe
memoery locations. All Data and Addresses will be given in
hexadecimal form. Software and hardware details are pro-
vided separately for each type of microprocessor.

4.1 Interfacing 8080 Microprocessor Derivatives (8048,
8085)

This converter has veen designed to directly nterface with
denvatives of the 8080 microporocessor. The A/D can he
mapped 'nlo memory space {using standard memory ad-
dress decoding for CS and the MEMR and MEMW sirones)
or it can be controlled as an /O device oy using the i70 R
and 1/0 W strobes and decoding the address hits A0 —»

A7 (or address bits A8 — A15 as they will contain the
same B-hit address information) to obtain the CS input. Us-
ng the 1/O space provides 256 additional addresses and
may allow a simpler 8-bit address decoder but the data can
only be input 10 the accumulator. To make use of the addi-
tional memory reference instructions, the A/D should be
mapped into memory space. An example of an A/D in I/O
spaca 1s shown in Figure 10,
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FIGURE 10. ADC0801-INS8080A CPU Interface

SAMPLE PROGRAM FOR FIGURE 10 ADC0801~INS8080A CPU INTERFACE

0038 €30003 RST 7: JNP LD DATA

L] . .

. - .
0100 210002 START : ZXI A o2004 ;HL pairwill point to

;data stcrage locatlions

0103 310004 RETURN: LXI SF 0400H ;Initialize stack pointer (Note 1}
0106 7D MOV A, L ;Test =of bytes entersed
0107 FEOF CPIOF S (I g=18. NP to
0109 CAl301 JLCONT ;user program
012C 03 EO SUTEOH - i Start A/D
010E TB =1 - sEnabisz interrupt
010F 00 LOOP: No? sLospuntilend:c?
0110 C3QFO01 JMP LOOP ;conversion
0113 . CONT: . ’

- . . L]

. . i{User program to .

. . process data) .

. . . .

L] . L] .
0300 DBEO LD DATA: INEOH ; Load data into accumulator
0302 77 MOV M, A ; Store data
0303 23 INXH ; Increment storage pointer
0304 €30301 JMP RETURN

Note 1: The stack painter must be dimensioned because a8 RST 7 instruction pusnes the PC onto the stack
Note 20 All adaress used were arstranly cnosen.




Functional Description (continued)

4.2 Interfacing the Z-80

The Z-80 control bus is slightly different from that of the
8080. General RD and WR strobes are provided and sepa-
rate memory request, MREQ, and 170 request, IORQ. sig-
nals are used which have to be combined with the general-
ized strobes to provide the equivalent 8080 signals. An ad-
vantage of operating the A/D in 1/0 space with the Z-80 is
that the CPU will automatically insert one wait state (the RD
and WR strobes are extended one clock period) to allow
more fime for the [/O devices to respond. Logic 10 mao the
A/D in I/0 space is shown in Figure 13.

L1} L3 A
21 A/
wWa !
L]
MMIICY? TUR/5671-23

FIGURE 13..Mapplng the A/D as an 1/0 Device
for Use with the Z-80 CPU

Additional I/0 advantages exist as software DMA routines
are available and use can be made of the output data trans-
fer which exists on the upper 8 address lines (A8 to A15)
during 1/0 input instructions, For example, MUX channel
selection for the A/D can be accomphshed with this ocerat-
ing mode.

4.3 Interfacing 6800 Microprocessor Derivatives

- (6502, etc.)

The control bus for the 6800 microprocessor derivatives
does not use the RD and WR strove signals. Instead it 2m-
ploys a single R/W line and additional timing, if needed. can
be derived fom the $2 clock. All I/Q devices are memory
mapped in the 6800 system, and a special signal. YMA.
ndicates that the current address is valid, Figure 14 shows
an interface schematic where the A/D 1s memory maczed in
the 6800 system. For simglicity. the CS decoding 1s shown
using '4 DMB092. Note that in many 6800 systems. an al-

ready decoded 475 line 1s brought out to the common bus at
pin 21. This can be tied directly to the CS pin of the A/D.
provided that no other devices are addressed at HX ADDR:
4XXX or XXX,

The following subroutine performs essentially the same
function as in the case of the 8080A intertace and it can be
called from anywhere in the user's program.

In Figure 15 the ADC0801 series is interfaced to the M6800
microprocessor through (the arbitrarily chosen) Port B of the
MC6820 or MC6821 Peripheral !nterface Adapter, (PIA).
Here the TS pin of the A/D is grounded since the -PIA is
already memory mapped in the M6800 system and no CS
decoding is necessary. Also notice that the A/D output data
lines are connected to the microprocessor bus under pro-
gram control through the PIA and therefore the A/D RD pin
can be grounded.

A sample interface program equivalent to the previous one
is shown below Figure 15. The PIA Data and Control Regis-
ters of Port B are located at HEX addresses 8006 and 8007,
respactively.

5.0 GENERAL APPLICATIONS

The following applicatlions show some interesting uses ior
the A/D. The fact that one particuiar microprocessor 1s used
is not meant to be restrictive. Each of these application cir-
cuits would have its counterpart using any microprocessor
that 1s desired. >

5.1 Muitiple ADC0801 Series to MC6800 CPU Interface

To transfer analog data from several channels 10 a single
microprocessor system, a rnultiple converter scheme pre-
senls several advantages over the conventional multiplexer
single-converter approach. With the ADC0801 senes. the
differential inputs allow individual scan adjustment for each
channel™Furthermore, all analog inout channels are sensed
simultaneously. which essentially divides the microproces-
sor's tota system servicing time oy the numoer of channels.
since all conversions occur simultaneously. This scheme 1s
shown In Figure 16
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FIGURE 14. ADC0801-MC6800 CPU Interface




Functional Description (continued)

SAMPLE PROGRAM FOR FIGURE 15 ADC0801-MC6820 PIA INTERFACE

0010 CE 00 38 DATAIN L1pX
0013 FFTFF T8 SIX
001le B6 80 06 LDAA
0019 4F CLEA
001A B7 80 07 STAA
001D B7 30 08 STAA
0020 OE CLI
0021 C6 34 LDAB
0023 86 3D LDAA
0025 F78007 CONVRT STAB
0028 87 30 07
0028 3E
002¢C DE 40
002E 8C020F
0031 27 OF
3033 08 I
0034 DF 40 302
0038 20 ED SRa
0038 DE 40 INTIRPT ~oX
003A B& 80 06 LDAA
003D . A700 3TAA
003F 3B a2
0040 02 00 TEMP1 DB
0042 CE 0200 ENDP
0045 DF 40
0047 39

PIAORB

PIACRE

The following schematic and sampile subroutine (DA™ N)
may be used tointerface (up to) 8 ADC0801's directly 1o the
MCE800 CPU. This scheme can eastly be extended to aliow
the interface of more converters. in this configuration the
converters are (aroitrarily) located at HEX address 5000 :n
the MCE800 memory space. 7o save components, the
clock signal is derived from just one RC pair on the ‘st
converter. This output drives the other A/Ds.

All the converters are started simultaneously with a STCRE
instruction at HEX address 5000. Note that any other HEX
address of the form SXXX will be decoded by the < rcuit,
sulling all the TS inputs low. This can easily be avoice= ay
Jsing a more definitive address decoding scheme. i the
interrupts are ORed together to insure that all A/Ds nave
completed their conversion before the microprocessor s in-
terrupted.

The subroutine, DATA IN, may be called from anywhere in
the user's program. Once called, this routine initializes the

#30038 : Upan TRQ low CPU
3FFF8 ; jumps to 0038
PTAORB :Clearpossible IRQ flags
PIACRB
PIAORE 1 Set Port B as input
#334
#33D
PIACRB : Starts ADCOSOL
PIACRB
;Waiv forinterrupt
TEMP1 -
#3020F i Is final datastored?
ENDP
TEMPL
CONVET
TEMPL
PIAORE : Read data in
X i StorgitatX
30200 i Startingaddress for
:data storage
230200 yReinitialize TEMPL
TEMPL
: Return Jrem subroutine
38006 :Touser's program
38007

CPU. starts all the converters simultaneously and waits for
the interrupt signal. Upon receiving the interrupt. it reads the
converters (from HEX addresses S000 through 5007) and
stores the data successively at (aroitrarily chosen) HEX ad-
dresses 0200 to 0207, before returning to the user’s oro-
gram. All CPU registers then recover the original data they
had befére servicing DATA IN.

5.2 A’uto-Zeroed Ditferential Transducer Amplitier
and A/D Converter

The differential inputs of the ADC0801 series eliminate the
need to perform a diflerential to single ended conversion ior
a differential transducer. Thus. one op amp can be eliminat-
2d since the differential to single ended conversion 1s oro-
ided by the differential input of the ADC0B01 series. in gen-
eral, a transducer preamp is required to take advantage oi
the fuli A/D converter input dynamic range.
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Functional Description (continued)

SAMPLE PROGRAM FOR FIGURE 16 INTERFACING MULTIPLE A/Ds IN AN MC6800 SYSTEM

ADDRESS HEX CODE MNEMONICS
0033 A7 00 STAA
0035 8C 0207 PX
0038 2705 3EQ
003A 1] INX
003B DF 42 37X
003D 20EB BRA
Q03F 3B RETURN RTI
0040 50 00 INDEX1 DB
0042 0200 INDEX2 FOB
0044 0000 TEMP DB

. COMMENTS
X s Storedataat X
$§0207 :Have all A/D's beenrsad?
RETURN ; Yes: branch to RETURN
;Ho:increment Ibyone
INDEX2 ;X — INDEX2
INTRPT ; Branch to 0024
35000 ;Starting address fora/D
30200 i Starting address fardata storage
30000

Note 1: In order for the mICrOProCesSOr 10 $ervICe SUDrOUNNGS and interupts. tNe s1ack paintar must be dimensoned in the user 3 orogram,

For amplification of DC input signals, a major system error is
the input offset voltage of the amplifiers used for the
preamp. Figure 17 is a gain of 100 differential preamp
whose offset voltage errors will be cancelled by a zeroing
subroutine which is performed by the INSB080A microproc-
essor system. The lotal allowable nput offset voltage error
for this preamp is only 50 uV for ', LSB error. This would
obviously require very pracise ampliliers. The expression for
the differential output voltage of the preamp is:

2R2
Vo = [Vin{(+)=Vin{—=)] [1 + -FT] +

| D

SIGNAL GAIN
2R2
Vos, ~ Vosy = Vosg * 1xRx) ( tF _RT>
- /\ J

DC ERROR TERM GAIN

where Iy is the current through resistor Ry. All of the oifset
arror terms can be cancelled by making *IxRy = Yoz, +
Voss — Vpsz This is the princiole of this auto-zeroing
scheme.

The INSB080A uses the 3 1/0Q ports of an INS8255 Pro-
gramable Peripheral Interface (PP!) to control the auto zero-
ing and input data from the ADC0801 as showrtin Figure 18.
The PPI is programmed for basic 1/Q operation (mode 0)
with Port A being an input port and Ports B and C zeing
output ports. Two bits of Port C are used to alternately ooen
or close the 2 swilches at the input of the preame. Sw igh

SW1 is closed to force the preamp's differential input to be
zero dwring the zeroing subroutine and then opened and
SW2 is then closed for conversion of the actual differential
.nput signal. Using 2 switches in this manner eliminates con-
cern for the ON resistance of the switches as they must

. conduct only the input bias current of the input amplifiers.

Output Port B Is used as a successive approximation regis-
ter by the 8080 and the binary scaled resistors in series with
2ach output bit create a D/A converter. During the zeroing
subroutine, the voltage at V, increases or decreases as re-
quired to make the differential output voltage equal to zero.
This 1s accomplished by ensuring that the voltage at the
output of At is approximately 2.5V so that a logic “1" (5V)
on any output of Port B will source current into node Vy thus
raising the vollage at Vx and making the output differential
more negative. Conversely, a logic 0" (OV) will pull current
out of node Vy and decrease the voltage, causing the differ-
2ntial output to become more posttive. For the resistor val-
Jes shown. Vy can move +12 mV vath a resolution of 50
uV. which will null the offset error term to 4 LSB of full-
scale for the ADCO801. itis important that the voltage levels
that drive the auto-zero resistors be constant. Also, for sym-
metry. a logic swing of OV to 5V is convenient, To achieve
this. a CMOS buffer is used for the iogic output signals of
Port B and this CMOS package 1s powered with a stable 5V
source. Buffer ampilifier A1 I1s necessary so that it can
source ot sink the D/A output current.
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A flow chart for the zeroing subroutine is shown in Figure
19. It must be noted that the ADC0B01 series will output an
all zero code when it converts a negative input [ViN(=) =
Vin(+ ). Also, a logic inversion exists as all of the 1/Q ports
are buffered with inverting gates.
Basically, if the data read is zero, the differential output volt-
age is negative, so a bit in Port B is cleared to pull Vyx more
negative which will make the outpu! more positive for the
next conversion. If the data read is not zero, the output volit-
age is positive so a bit in Port B 1s set to make Vy more
positive and the output more negative. This continues for 8
approximations and the ditlerential output eventually con-
verges to within 5 mV of zero.
The actual program 1s given in Figure 20. All addresses
used are compatible with the BLC 80/10 microcomputer
system. in particular:

Port A and the ADC0801 are at port address E4

Port B is at port address E5

Port C is.at port address £E6

PP! control word port is at port address E7

Program Counter automatically goes to ADDR:3C3D upon

acknowledgement of an interrupt from the ADC0801

5.3 Muitiple A/D Converters in a Z-80 Interrupt
Driven Mode )

In data acquisition systems where more than one A/D con-
verter (or other peripheral device) will be interrupting pro-
gram execution of a microprocessor, there is obviously a
need for the CPU to determine which device requires servic-
ing. Figure 21 and the accomoanying software is a method
of determining which of 7 ADC0801 converters has com-
pleted a conversion {iINTR asserted) and is requesting an
interrupt. This circuit allows starting the A/D converters in
any sequence, but will input and store valid data from the
converters with a priority sequence of A/D 1 being read first,
A/D 2 second. etc.. through A/D 7 which would have the
lowest orority for data being read. Only the converters
whose INT is asserted will be read.

The key to decoding circuitry 1s the DM74L.8373, 3-o11 D
type flip-flop. When the Z-80 acknowledges the interrupt,
the program is vectored to a data nput Z-80 subroutine.
This subroutine will read a penpheral status word from the
DM74LS373 which contans the logic state of the iNTR out-
puts of all the converters. Each converter which initiates an
interrupt will place a logic 0" in a unique bit position in the
status word and the subroutine will determine the :dentry of
the convertar and exacute a Jata read. An denttier word
(which indicates which A/D the data came from) s stoed in
the naxt sequential memory location aoove the location of
the data so the program can keep track of the identity of the
data entered.

START ZEROING
SUBROUTINE

INITIALIZE SAR
RTPOINTER
REG 8=X"I8

) ]

. INTIALIZE $4R
) COOE 1N REG C
REGC =2 °7F

!

QUTPUT FIRST
SAR CODE
FORTI-x W0

START &4/0 AND
READ DATA

“DA" REQ b WITH
AEG C TO CLEAR
NTINPOAT
WHER REAPPLIED

SHIFT “1°IN REG &
RIGHT TO POINT TO
. NEXTRIT

. !

QPFN SWY
CLOSE sw2

15 REG S
1ERD?

PREAMP 15 ZERQED

AND PROPER INPUT

CONVERSIONS CAN
SE DONE

“EXCLUSIVE-OR™

REG AWITH REG C

TOSETNEXNT 8T
X PORT 8

l

OUTPUT NEW SAR
COOETOPORT S

TUR/5671-28
FIGURE 19, Flow Chart for Auto-Zero Routine
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FIGURE 21. Muitiple A/Ds with Z-80 Type Microprocessor
INTERRUPT SERVICING SUBROUTINE
SOURCE
LOC 0BJCODE STATEMENT COMMENT
0038 * ES PUSH KL 1Save contents of all registers affected by
0039 ¢5 PUSH BC vthissubroutine.
0034 F5 PUSH AF . 1 Assumecd INT mode 1 sarlier set.
003B 21003E LD (HL) ,X3E0O :Initialize memory pointer where datawill be stored.
003E OEOl LD ¢, X01 ;Cregister will bs port ADDR of A/D converters.
0040 D300 OUT X00, A i Load periphernl status word into 8-bit latch.
0042 DBOO INA, X00 i Load status.word into accumulator,
0044 47 LD B,A s Save the status word.
0045 79 TEST LDA,C . iTesttosee Lf the statusarall A/D's heve
0048 TFEO8 CP, X08 tbeenchecksd. If sg, exit subroutine
0048 CAG000 JPZ, DONE :
004B 78 LD 4,8 :Testasingle bit instatus word by looking for
004C IF RRA ;a"l” tobe rotated into the CARRY (an INT
004D 47 LD B, A iisloadedasa "1™}, If CARRY is set then lsad
004E DA 5500 JPC, LOAD vcontents of A/D at port ADDR in C register,
0051 o¢ NEXT INCC ; If CARRY isnot set, increment C registar to point
0052 (£34500 JP,TEST stonext A/D, thentest next bit in status word.
0055 ED78 LOAD INa, (C) :Read data frominterrupting A/D and invert
0057 EEFF XORFF ; the data.
0059 77 LD (HL) ,A ; Store the data
005A 2¢ INCL
005B 171 LD (AL} ,C ;Store A/D identifier (A/D port ADDR).
005C 2¢ INCL
005D {35100 JP , NEXT :Test next bit instatus word.
0060 F1l DONE POP AF iRe-establish all registersas they were
0081 POP BC ibefore the interrupt.
0082 El POP HL

0063 C9 RET ;Returntooriginal program

*3
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nection Diagrams

ADC080X
Dual-In-Line and Small Outline (SO) Packages
g s v
' S 20f= Ve (OR Vegr)
0—2 19~ CLKR
t WR—3 18080 (LSB)
E o CLKIN—4 171081
INTR —5 16}—062
P Vnlt)—{6 15083
V(-)—7 141—084
AGND—{8 i3p=-085
Vegr/2—19 12}~086
2IGNO~—{10 1 t}—DB7 (MSB)

U 5671-30

Vee (OR Yopr) —~1 20

b
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Ordering Information
TEMP RANGE 0°CTO 70°C 0°CTO 70°C - 0°CTO70°C —40°CTO +85°C
+Y, Bit ADCOB01LCN
Adjusted
+14 Bit ADCO0802LCWM ADCo802LCV ADCO0B802LCN
ERROR )
1 Unadijusted
+ 1, Bit ADC0803LCWM ADCO803LCV ADCO803LCN
i Adjusted
Y +1Bit ADC0804L.CWM ADCO0804LCV ADCO0B0O4LCN ADCO0B80SLCN
' Unadjusted
PACKAGE OUTLINE M20B—Small Qutline V20A—Chip Carrier N20A-—-Molded DiP
i E’
g TEMP RANGE —40°C TO +85°C —55°CTO +125°C
1 Y/, Bit Adjusted ADC0801LCY ADCO0801LJ
ERROR + 1/ Bit Unadjusted ADC0802LCJ ADC0802LJ,
1 14 Bit Adjusted ADC0803LCJ ADC0802LJ/883
E t 'Bit Unadjusted ADCO08024LCY |
g PACKAGE QUTLINE J20A—Cawity DIP J20A—Cavity DIP | |
zon

ADCO080X
Molded Chip Carrier (PCC) Package
o - N " -
383838282
|
18 17 16 15 14
CLKR-4 19 13 |- 085
12 086
s 11 p—=D37(uSB)
RD 10 = 0GND
WR 9 = Veep/2
TLR/8R71-32

Sce Ordering Information
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TEMIC

TELEFUNKEN Semiconduczors

TEMS 5.0

Photo Modules for PCM Remote Control Systems

Available types for different carrier frequencies

Type . fo Type i fo
TFMS 5300 30 kHz | TFMS 5330 33 kHz
Y TFMS 5360 36 kHz | TEMS 5370  36.7 kHz
{ TFMS 5380 38 kHz ¥ TFMS 5400 40 kHz
TFMS 5560 56 kHz |

Description

The TFMS 5..0 - series are miniaturized receivers for infrured remote
control systems. PIN diode and preamplifier are assembled on lead R
frume, the epoxy package is designed as IR filter. GND
The demodulated output signul can directly he decoded by a

microprocessor, The main benelit is the refiable function even in

disturbed ambhient und the protection igainst uncontrolled output

pulses.
Features
® Photo detector and preampiifier in one pack- ® Improved shielding against electric fieic dis;
age . ) turbance
e Qurput active low. factive high modules: 9 5 Vol supply voltage. low power consump-
TEMS 3..9) tion
® Intemnal filter for PCM frecuency ' ® TTL and CMOS compatibilit
® High immunity against amaisnelyght e Continuous transmission possidlz
([p(/T 0.9
Block Diagram
!
‘L< ______ :/i\ \' S
Input . | Conrtrol ]
l Circuit ‘ {1
' ! 100 k| |
i L)
e | ! i | I3
/ ! ' s— O OUT
’ | AGC _ | .Band . | Demodu- !\/
o Pass lator A
- C
+—_ GND

LTI
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o - TEMIC
TFMS 3. .0 TELEFUNKEN Semiconductors.

Dimensions in mm

, 10.3 ¢ 335
9.7 4.45
| ..
Sensitive Area (24X 2.4 mm) —
\ |
. r q
% : A
Ll i
12. 1 ‘
12. I
‘ 9.7
16.3 : 8.7
159 |
. |
8 ¢ |
30.1 ! : b 1 i
H A\ : - v
} T T . l
! i
1 15 | L 0.8 max. : |
' : :
: i
i : -U——- \ Pl
) l_ Surface not flat ! T 'I }
: i
i{ Vo : 1
; !
r | SR
R
t [ .
0.65 NI
o i
0.50 1'7————-—-: '-<— "
i 11 t i
Ix2.54 =762
‘ ]
i
H -~
4 8074 . RN
§ whnadl gryewers
] accontag w OIN
e s




165

TEMI
: TFMS 5 O TELEFUNKEN S<:miconcfuct§?‘sé

Absolute Maximum Ratings

Tamb = 25°C
Parameter Test Conditions Symbol Value Unit
Supply Voltage (Pin 2) Vs -03..60 v
Supply Current (Pin 2) Is 5 mA
Qutput Yoltage - (Pin 3) Yo -0.3..6.0 \%
Qutput Current (Pin 3) lo 5 mA
Junction Temperature : T; 100 'C
|Storagc Temperature Range ; Tsee -25...+85 'C
| Operating Temperature Range '? | Tamp | —25..¥85 C
Power Consumption HTamp = 85 °C) Pioc 50 L mw |
Soldering Temperature [t S 10s. | mm from case Ted 260 | 'C

Basic Characteristics

Tamb = 25 °C
i Parameter Test Conditions Symbol l Min | Typ | Max ! Unit '
[ Supply Current (Pin 2) Vs=35V.E, =0 Isp 0.4 05 | 08 | maA !
Supply Current (Pin 2) Vs =35 V. Ev = 40 kix, sunlight Isu 1:0 2 mA ‘
Transmission Distance E, =0, Test signal (sce Fig.?). d ‘ 35 ] m |
[R diode TSIPS201,ig=135 A | i )
'Oumu( Voltage Low (Pin 3) lIOSL =0.5 mA.E. =05 mW/m?. | Vost i L2500, mv
{2 in, ‘DIT 0.4 i ' ! ; .
ihmdiancc { Pulse width tolerance: Eemin | 03 05 |mW/m? ;
| §loo=tpi160us, : l i |
: ,Tvst signal (see Fig.7) ; : i ' !
! lrradiance ; Eemax | 20 | | i W/m?
| Directivity I Angle of half transmission o | i =55 * deg
{ ! distance | | : ;
Application Circuit
330Q27) F3V **)
C—— 2 - )‘E l: + D
H - 4. u ®
{ TFM. 5.0 L D>10 O |
. . ol
TSUS 5.. |2y | qepen c
A4 A 3 * W
TSIP §S... -~ 7
NI l
O——j 1 —- O
™ 817 GND

*) only necessary to supress power supply disturbances
**) tolerated supply voltage range : 4.5V<Vs<5.5V
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TEMS 5..0

Typical Characteristics (Tamp = 25°C unless otherwise specified)

1.0

o8 [\
\

- Rel. Responsitivity (% )

!
s [
A
0.4 | [ N\
LA N
~ o2l L | S._
z {2{h=5% |
L Af(3dB 1 =1g/10 - -
0.0 : ! I
0.7 .0.3 Q.9 1.0 1.1 1.2 1.3
LYY {7y - Relanve Freguency
Figure 1 : Frequency Dependence of Responsivity
. 1000 e — — ——
" L Cocretation with Ambient Light Sources ;T
3 - ( Disturbance Effect): ! W/m2 = | .4kix i_
z (Sand:lllum.A. T=2855K)=8.2klx | l
< (Daylight, T=5900 K) im
2 100 Y SN YRR
2 n T : Lo— y )
= [ 1 RS T 31 H T
Z [N N A
S EIINREEZE
—;: 1 g . yUdE !
310 Ly [ A il i
2 : PR
= (N> . Tt g
s e
: | il Ambicat.h=9%0am | | !
w : T s
0.1 £ [ i ' L ! .l f{ cort
0.0t 0.1 1.0 10.0 100.0
LRIt E - [rradiance { W/m-= )

Figure 3 : Sensitivity in Bright Ambient

-~ 100 :
~ | ’ 1 tT T 5 [N .
z | ] il [HEINREE R
% =i A T 4 1]
] IVER
H IL—, .‘;I;/ ,‘.l;l
F AT T ]
s AL o fII]] T
- Y AN N
E vam T :
,‘ ) . 100 Hz ]
u.'é i

o L |

0.1 : 10 100 1000

H a4 AV pus . AC Volage on DC Supply Voltage (mV)

Figure 5 : Sensitivity vs. Supply VYoltage Disturbances

1200 l L T MR
SRS L 2 crt e N A 11 Ry
¢ 1000 _n {nput Burst Duration
z T H
: ol
M | A R
5 ‘“| o !! ,
2 w0 | Pl i il
< / | R T
£ i Wb il
é 400 f XA NAED Vot
1 ! A =950 am, Optical Test Signal. Fig.7 i
A 200 R 11 : [l
T e
ol i AL I
0.1 1.0 10.0 1€0.0
91 4148 E. ~ {rradiance t mWom<
Figure 2 : Sensitivity in Dark Ambient
29 f N ./
s ! | N .
> ; ,
E T [E)=i, ; T //‘
3 6 — '
g ; N /
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= - oy ! !/
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Iy 0.4 : /' P
HE
- R : i i . )
0.0 P :
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H 347 E - Field Sweagth of Disturbance ¢ kVom )

Figure 4 : Sensitivity vs. Electric Field Disturbances
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T.o02 e —
.E 1

o

0.0 -
~30 0 30 60 0
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Figure 6 : Seasitivity vs. Temperature
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TEMIC

TELEFUNKEN Semiconductors

E

Optical Test éign:ﬂ
( IR diode TSIP 5201, g = 1.5 A. 30 pulses, { = fo, T= [0 ms)

0

s
!
|
;
t
i
!

t

Bt
T
s "1, z 200 us is recommended for optimal function

V Qutput Signal 51133
Yo !
voH2 o Ty = 160 us
Vor .
' {
boy .
Figure 7 : Output Function
2 1
P - :
i s —
= . f
E : T
z 4 ’
El . oo ]
]
H ! ]
= 7
0 -
Q.05 0.15 9.25 8.35 0.45
EYR T %/ T = Duty Cycle
Figure 9: Sensitivity vs. Duty Cycle
1.0 T
! . ' .
_ i ' 1 H V. =3V
z osf—t et
z I i i
= | 1 i
2 o0s e
= T
\J +
> P
= 04 ! L
kel » ! !
' |
= 02 : | I
00 | L
-30 0 X & 90
™ 3130 T - Ambicent Temperarure ( °C )

Figure i1 : Supply Current vs. Temperature
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S
) Output Signal, ( see Fig. 10
VO v
i
VOH‘—I q H [-—l ﬂ ﬂ r—-l
vou ] — t ’
Toa : ‘___ — C Toar !
Figure 8¢
) — .
7 ]
s IR
ol [EEALTLU I st
I 08—
= R "M!: lon !
Y ".A" _:::.!.: (BEE] ~
N Y N
3 = R IR
£ o (]””: ;!s}nll Tout 5 'lji'!' !
I T e I
s N I T I I { I A
3 '\ =950 am. Opucal Test Signal. Fiz.3 !
N I R R
0.1 i 10 100 1000 10000
34 4151 £, - iradiance { MW/ m")
Figure |0 : Output Pulse Dingrum
i.0 - -
A YN
R ! !
< 08 [ \ : l
5 A 1T I\ ]
f oo/ Al
T / \
S ,
e Y -\
A Al
3 !
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£ /1] \
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1000 1100
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Flgure 12 : Spectral Responce
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. TELEFUNKEN Semiconductors

<20 -0 0 10 20
/

S\ ‘
7 /7 Y P
06 04 02 0 02 04 06
drej ~ Relative Transmission Disance ™ 4182

Figure 13 : Yertical Directivity oy

93 3183

06 04 02 0 02 04 06

deet = Relative Transmission Distance

Figure 14 : Horizontal Directivity oy
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