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This thesis is aimed to create a remote control for air-conditioner using infrared, ray. It
would be useful for the air-conditioner which is not equipped with built-in remote control. Its
features include pre-adjusted temperature control ,self-timer ,power fon-off and the seven
segment display showing current temperature follow users to read and change temperature.
This remote control can be easily connected , through cable wire, with the air-conditioner to
get and make that air-conditioner here the same capability as the airiconditioner with built-in

LY

remote control. .
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Reglstar ﬂ
Pointer :
TwoAnalog |1
Comparators N\— Register File ] ] P'OQ'?::
256 x 8-Bit )
o
1
I 4 ,
pr— f

7

T 03

217 2.1 ussamirfiuazmaineunawlnlasreulnsaiaed

e



07-D0

AD11-ADO
AD11-ADO
MSN ﬁdduu g
Port3 MUX
™ A2700] oa
AD11-ADO eprom  IN——A Mux
ey 07-00
» TEST ROM ﬁ;:;
Port® EPAOM & RAM
PROTECT
RC Osc
PGM + Test 1
Mode Logic
| VPP
P33

EPM
P32
ICE

L]

XTt

g7 2.2 nMsvineuaenisTusunss EPROM

UM 2.3 uansusingg

PGM
P30

ps 1 7 1
p2s [] 2 27 ]
P21 [ 3 26 [
po4 ] 4 25 ]
Pos [] s 2 [
Po6 [} 6 23 []
po7 4 7 vy 22
veels op 21[]
xta2 [ o 20 I
XTAL1 [ 10 10 ]
P3t [ 1 18 [
pa2 [] 12 17 1
P33 [] 13 16 [
pas [ 14 15 1

P24
P23
P22

P20
PO3
VSs
PQ2
POt

P00
P30

P38
Pa7
P35

2984 Z86E30 ulnunumsgu

Pin# Symbol Function Direction
1-3 pP25-P27 Port 2, Pins 5,6, In/Output
47 P04-PO7 Port 0, Pins 4,5,6,7  In/Output
8 Vee Power Supply

9 XTAL2  Crystal Oscillator Output
10 XTAL1 Crystal Oscillator Input
11-13  P31-P33 Port3,Pins 1,23 Input
14-15  P34-P35 Port3,Pins 4,5 Output
16 P37 Port3,Pin7 Output
17 P36 Port 3, Pin 6 Output
18 P30 Port 3, Pin 0 Input
19-2%  PPO-P02 Port0, Pins 0,1.2 In/Output
22 Ve Ground

23 P03 Port 0, Pin 3 In/Output
24-28 P20-P24 Port 2, Pins 0,1,2,3,4 In/Output

AN919% 1 uae Z86E30 Iulnunnnsgiu




ps [ 1 U28:|DA
o6 [ 2 2711 o3
o7 [ 3 2 1] p2
a4 25 [1 o1
as ] s 24 [] po
As [ s 23 {7 a3
a7 [] 7 286E30 22 [ vss .
vcc & op 211 a2
ve [ o 20 [ a1 1
ce T 10 19 [1 Ao
o O 18 [] /PGM
EPM [ 12 17 1] At0
vep [ 13 16 [] AN
g as [ 14 15 |1 A9

7UN 2.4 uamsaaseres Z86E30 inuanaslusunsu EPROM

Pin#  Symbol Function Direction

1-3 D5-D7 Data 5,6,7 In/Output

4-7 A4-A7 Address 4,5,6,7 Input

8 Vee Power Supply .
9 N/C No connection

10 ICE Chip Select Input

11 /OE Output Enable Input

12 EPM EPROM Prog. Mode Input i
13 Vep Prog. Voltage Inptg )
14-15  A8-A9  Address 8,9 input .
16 A1l Address 11 input

17 A10 Address 10 input *
18 [PGM Prog. Mode input

19-21  A0-A2  Address 0,12 Input

22 Ves Ground

23 A3 Address 3 Input

24-28 DO-D4  Data0,1,23.4 In/Output

AN39N 2 wamatuumnisTusuns EPROM -

wiAras 4
Tuuansiusunsy EPROM

D, D, ( Uatays )
Wdmiudeuzedudayaain EPROM
A, A, ( URTFLMUEG )

ar

Tuszudranistisunss nstisnumislu EPROM azgnifisuasluiaimumia



Vce .
anilazgnsiaiulwiaes +5v Tuszwinetlulnuanisgn EPROM uax aziiu 6V szudnaldaululvun
H

AR AT sINTH

CE ( active low )

gilazuaninluszudnaluumnisau EPROM uanag Tdsunsuuay uuanigasaadalsunsy

OE ( active low )

' \ [ i o
ilazuanfidnaessiadeys WantiiAddy low Yadeyaaziiu iy duilu High Tadeyaas

Wudunm

EPM ( Tunanslsunsn EPROM ) i

k4
1 UALIANAMNLANGANIENIN Mode n1sTsunsn EPROM Tag dAnnuunnsnaaussiu

Vpp
4’4’ a4 3
i ldane W lunisldsunsy

Pom ( active low )

1 14
Wiaaniiiiu low dayaluiadayaazgnitsunsuaslu EPROM

Z86E 30 IunaNATIFIU

XTAL 1 ( 121V WngIuean )
4:1’ 1 o = I a a & <
yrtignAeruiusaFau LY ATanses , 1191lA lniwmnes 2933 RC paz LC vive dtyayod

dl 4’ End
wRnienauendu - suiludunn

XTAL 2 ( 1@ inngIuiaan )
:l’ ] o =3 & - a |3 2 e
snilgnaesunuiunasilaunuduuy Alansey , wsnia wlnunes :aas RC ey LC Wlianienyiyn

H

PORT 0 ( P07-P00 )

3
wain 0 Juwefmauna 8 fauasflunaimuuy 2 firmas Taefininsgiuuun'CMOS Bunwn / 1@1viny

WaiN ANBUNY/ @1inn e 8 dngnusiaii PO3-PO0 BuUnN / 181w Uaz PO7-P04 8wy / 1avinm
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v

ugnannfiy twined nesudurmiduuuy sivvEnined uas vimmanunsaidsunsiléiauuy Push-
Pull UA% WL open-drain d7u low EM1 tiwwled anwnsalusunsulalay geawua wain 0 ilfaanansn
Mt duwn / 1@vinm fifi#n0szHANDCHECK

Tulwum HANDCHECK waiv 3 P32 uag P35 gnlfiflunisasununis HANDCHECK MiAnn9989ns

HANDCHECK gnilaednmoizresdoyeyind ( 8unn / 1anvivn )

: : Port 0 (VO)
Z86E30 @

S — Handshake Controls
/DAVO and RDYO
>

(P32 and P35)

)

VDD
Open-Drain

OEN L__
>

Out

1.5 <€—>» 2.3V Hysteresis VCC = 5.0V

p P A

_OM Auto Latch

R = 500 KQ

717 2.5 uamegiuuuzeanem

PORT 2 ( P27-P20)

wai 2 Hawn 8 fin 2 RAN ARTIgINBUNN / 18 wuy CMOS Favia 8 Tin aunsansuaning
gauafinasidudunyn e wiwnnasminadase EuwwﬁmﬂLL?’fyf\mmLﬂuLLuu‘nﬁvm?nmmf
\@inmiLlsunsy Push--Pull WazWUL open-drain low EM7 avinniwines annsalusunsulng
mﬂmmﬁﬂ@‘lﬁﬂuﬁum / wimnein weiv2 awmnsnacuANnig HENDCHECK uua waiv 3 Ae
P31 waz P36 ldwiumtuAnnis HANDCHECK uasfiAn1erednis HANDCHECK Qn%‘imﬂé’nwmz

Aeyeyrou Bunmvisaeing ) wanlaadind 7 109 wain 2
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lE——
> Port 2 (1O)
ZB6E30 ( ’
e
€<—> ,
——— Handshake Controls 4
/DAV2 and RDY2
— > } (P31 and P36) 1
vDD
Open-Drain T

oy Do =)

Pad
Out ]
1.6 <€—> 2,3V Hysteresis VCC = 5,0V L
In \4]
—OM Auto Latch
R~ 500 KQ

717 2.6 uamsgLuureanaiv 2

PORT 3 ( P37-P30)

waf 3 Haun 8 Om Hnmsnguuuy CMOS Taenduunn uay mﬁvgwﬁﬁﬁﬂﬂm:uﬂuﬂu nein 3
Usznaudneduwn 11a 4 9n ( P33-P30 ) uas 80 4 Ta 1w viwn ( P37-P34 ) Tasaunsaivuagy
wwumelgenualaanisdumeing uaz wifinsasuaunns HANDCHECK PORT 3 PO il
wisninef 11 P31 P32 uay P33 {luandunmainannsgiuaes CMOS (ldfinsuai ) uaz 11 P34
P35 P36 uaz P37 ihuaiwnuuy PUSH-PULL Tne EM1 wviwntiwmafanmnsolusunsuldlnese
uaf ﬁ"qmﬂﬂmmmmﬁfmmmﬂizmamﬁmtquﬂmﬁ@nﬁm P31 Lmiz P32 Feusesuasiliey

Weuiuen 33 ¢

v
o 4

wihiRaafudyguendenaunsoseantélag D, 189 Port 3 Tunsiaawmes (P3M) dmiumdfily

nsdwmasiing P30 way P33 nevsjuserauanad Tutludunnredunasing P31 uay 32 ansn
14 v ) [

Tusunsuliifureunas viseraumnau viavassrauiedusanssiuunndumading (3u7 2.7)

nsldenuasaniumeasianand 1 (Counter / Timer 1) nszvinlag P31 (Tin) Waz P36 (Tout)
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T lag———
B ————
ot e—
286630 [ > Port3
e (VO or Control)
I
A
—_— )
Auto Latch
lI: E R =500 kQ
P30 D
ro[}- - Latch IR
R247 = P3M
I Lo | :):qukal
DIG. I
nDuAm) IRGZ, TIN, P31 Data Latch

lv
\g

-l ————

%
E“m’ l_'\___.. IR0, P32 Data Latch

P33 (REF)

;

-

From Stop-Mode T \g—————eme—g 1AQ1, P33 Data Laich

Recovery Source I "

U7 2.7 uaasgunitiaaswasy 3

Pin VOCTC1 ANIN Int. POHS P2HS
P30 IN IRQ3

P31t IN Tn ANt1  1RQ2 DR
P32 IN AN2 IRQ0 DR

P33 IN REF IRQ1

P34 OUT

P35 OUT R/D

P36 OUT Toyr RD
P37 OUT

ANSNT 2.3 WARINITARINIIFANIBINDTN 3
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Comparator Inputs

1 1 LA 4

Port 3 11 P31 UaY P32 H29asABNUNLsIAaSaE] ﬂ’]LLNﬂuﬂﬂqaﬁ‘ﬂ’m’]\ﬁTﬂ'ﬂN}LWLL‘J‘LCv‘Iﬂ'i" (21 P33) azld

k!

v )
Fanfunia 2 asspenunuaae luaudaniuus P31 uay P32 udunmilu Positive 189ABNUNUS

W UAZ P33 HIUATULTAUANNBIT899RTARNUNKIAD T !

Auto Latch !
Auto Latch @1unsnfudumnuuy CMOS dynsziuaas CMOS (11 P33-P31) Tnelisiesfioaasiuann

}
nuuan

Low EMI Emission

lulasreulnsaaes waf z86E30 anwnralsunsulidasialulvun Low EMI Emission lneidasmes
PCON 2vaseasdiamef uazuym / wninmnaim ansnsolusunsuliifuluus Low EMI Emission 14
] = = o e‘l‘
ativaare lnafinaifluim
- Iunszuataandn 1.5 mA seudd Mua Halt .
- a39uT Slew - Rate And1 10 nS
- @VN183 Low EMI iAAMNEUNIU 200 Tevin
- Low EMI seadiawnes

- meilu SCLK / TCLK agninenuanialudqslaiiiu 4 MHz tie 250 nS

Wandusing ) aas Z86 E30

Reset

ulnsneulnsainas 286 £30 az Reset frilantuzsai]
- Power - On Reset
- Watch - Dog Timer

- Stop - Mode Recovery Source

Program Memory :

Tulnsnaulnsawmes wef 286 E30 miraanuardmivussqlusunsnaung 4 Alalusd mely (gﬂﬁ 2.8)
12 Tusfusnaaamiseaninan  dwiullsunsuazgnaslidgwinidudumefiwsnanes ludauilii
nARATAUABIWALIA 16 TR 99U 6 Fa AUt 12 (000CH) TR 4095 (07FFH) gnaadld
dmsudidvansisunan mevdefinamdn Wsunsuamlinefasingoumia 12 (000CH) Fuilu

o ' A. 9/ 173
A Nsurealsunsu g



4095
Location of On-Chip i
First Byte of ROM
Instruction
Executed \ ------------- i
After RESET 12 ™A
1 ' IRGS
10 IRQS
9 IRQ4 .
8 IRQ4 .
IRQ3
Interrupt
Vector ¢ \RQ3
(Lower Byte) \
5 ™ IRQ2 ;
4_3v IRQ2 »
Interrupt —"| .
Vector 3 IRQ1
(Upper Byte)
2 IRQ1
1 IRQO
o IRQO

917 2. 8 uameiuRgemissrNAEeussalusunsaldawenld

Expanded Register File
=ty o n‘ All =l o e’l‘o ' a « o
‘J“"’i’é\Lﬁlﬂﬂﬂﬂgﬂ‘ﬂﬂ’mmmwﬂu%‘ﬂ System Control 7341787 LL@%‘HL‘!’]LL“H\?‘IE@Q'EJHWV] / FETINANNDIN

' ) (aia co ' « At a0 y
gunsafraseudn dregiiaamaimumivla Tulasreninsaiseinszga z8 FRawmaimumi e R, -

9

1 1
< o

R,s gndniu 16 ngu laeil 16 Taawmafangu (3UA 2.9) winquiaawmeslay ERF (Expanding

Register File) 89U (D, - D,) 1a53aainafsaumia (RP) 1idandnayldau ERF 1a dauuw (D, - D)

1edFAamasAmI (RP) dendnld5aawmeingulaviaanu (gu# 2.10)

Register File

e IS dl b 4 s e s o o o aa L 78] clz o ala I'd

?qaLﬂ’ﬂﬂwﬂquﬂﬂ'ﬂm\iﬂU ?Qﬂl’ﬂﬂ?ﬂquﬂ /Lﬂ'WW!V] U 3 /1 ?QﬁLﬂ’ﬂﬂ?\’quWQllﬂ 125 n9 7921589

aa I's [ s 1 | 7 Ja r:’z
ﬂ’)UﬂNLLﬂqumLf”lﬂﬂmﬂ\jﬂﬂquzqququ 14 #9 qqﬂtﬂ?ﬂﬂﬁ‘q\iﬂfluqiﬂL‘Iﬂﬂ\ﬁqalﬂﬂ VNN WNATILASNN
v 3 % {

Fan via 8 1im Tael 4 On veFadmaf TAumds (RP) Tanumisnadiagines (Figure 10, 11) lulvum
] v ¥

194 4 fin TRawmesdgnuiaiu 16 nqu Taawmefldu laaniiay 16 ngu TAamafsAumis Az

Q t o rd' 2/ [l
ml,muwmmamewhmuﬂg
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YRESET CONDITION
]m]mlus]oo[m[mjm]oo]

REGISTER
FF SPL vlufulululujufu
REGISTER POINTER e GPR vlu] u]ulu]u]u]v
nnnnaunn FO [ ojojofojofolojo
. Expanded Register FC FUAGS vlufululuju]ulv
"‘°""“‘?&°m'?}" Group Poinier ) A o v u]ufufulu]v
) ) ojofojo]e]e]o]o
) PR vlv]ulyjuiuv|u]y
F8 POIM olrv]ojolrfi]of
. F7 PaM glojojojojoefo]e
*1 F8 P24 LUIRIRIRE RN EE RR ]
Fs PRE) vjujujulufufufe
Z8 Reg. Fie F4 ™ vjujujululufuju
FF 3 PREt Vjulujujutujofe
o F2 T vfujulululuefulu
F1 ™R ofofoJo]o]o]ofo
Fo Resarved ]
1
’ EXPANDED REG. GROUP (F)
REGISTER RESET CONDITION
; * I (AF WDTMR Ufufugoeltiijolf
(F) 0 Reseved
{F) 0D Ressrved
(F)0C Reseved
| mos SMR olol1jololo]u]e
{F) 0A Reseved
Resarved nw Destad
(Fyom Resaved
o Ry o7 Resaved
0 e Fssaved
{F) 05 Reserved
{Fy04 Resaved
703 Reserved
(R 02 Resorved
Mo Aosarved
{F) 00 PCON \IRIEREERIEEERE)
EXPANDED REG. GROUP (0)
REGISTER RESET CONDITION
o0 £ vlululufufufu
{0) 02 P2 vlululujufuiufu
(o) &1 Rasarved vivlulvfujujulu
| o0 [ vlulululululutu
U = Uniknown

. wmmumm-mmm

gﬂ*?; 2.9 udmaniinenssuees Expanded Register File
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R253 RP

|o7|os[ns[oa[m|oz|o1Lo_o_|

Expanded Register Group
Working Register Group

Default setting atter RESET = 00000000

Lrad . D igem
gil%1 2.10 uansFaanas RP

FF
Flﬂrsrsmlraenrojnzsa
0 (Register Pointer)
: The upper nibble of the register file address
@— provided by the register pointer specifies
. the active working-register group.
7F |
o Register Group 7 R15t0 RO
70 i
: i
* H
=== . The lower nibblg
. of the register
) file address
L " Specified Working «—~ provided by the
) Register Group instruction poinfs
2F to the specitied
— register.
20
1F
posmen Register Group 1 Ri15to RO 1
10
L " Register Group 0 R1510 R4
| s o s o o e w2 o -
1/0 Ports R3to RO
00

*Bits D3 to DO are "0" in Register 253.

7U% 2,11 uanesasinas RP -



RAM Protect
AIUUUIBIMUILANNAITHA RAM RS 7F T4 EF (‘l:imu“?'?mmm?ﬂﬂu‘llm?) anunsotlesiunisanu

v v 3

wazilsuld Toe RAM aziiinfignideninefld dridendaldgnaesianansndilldanisiy rRAM 16
3

u

v
a0

nazlif RAM Protect ineuvise livinamaunsonilélaamdliFaawes (MR Dan 6 Wduanog
“1" vz 0" (riin?i 6 184 IMR (i “17 RAM Protect az%141u ;

i

Stack

sunA-neemefiaames (R255) fuwnm 8 Ir aansadiulfwiniusaamesldnuialldnwau 237
Counter / Timer 2

TuTasneutnsainad 786 E30 fneaniuuazasashe nariamsalusunsdldnung 8 fn swam 2 6
(T, - T,) Seazgniulag 17 - anamna 6 n melufiennsallunml U5 - mnazes T,awnsodulae
AryyrounRninnalu uazmeauangdau T, 17 - ana fazqniu‘tmﬂd’rynptumﬁmmﬂ'l,uwhﬁu

6 iim 15-81n4 %v’hm?m?m'mﬁ'mmﬁtgtywmmﬁmﬁLﬁquqo’]’qaﬁq%quf}uﬁu?zudw 17464
(2°) FoB-anaiazidunaniudmcandias @in 1 fa 256) TuagiuinusmAtlaasiusaniy e
193315 Y1nN1ILiaFa Timer Interrupt Register IRQ 4 43 T, uay IRQ5 & T5 ngna%’w%’u

aeasiuamnentusunsal G - vign - Gt via FadulmiainArdadu ausomegeiy
efedrgud (Pass Mode) yiaianistlausrFudulmilaesniuim Léﬂ:ﬁ’]ﬂ’]i‘ﬁﬂﬂﬂ’l\iﬁi’ﬂlﬂm
(Modulo-n Continous Mode)

'luqq'-'-a?ﬁuﬁn&xm')mmﬂmﬁdmwﬁu T, Wudyouunfninglululasrauinsaneiis
pntl 4 vz Ayoynsduny Taumsaaann Port 3 ulysretnasiansdaynnunfinineenidan
{70 P30 Euwmﬁlﬂunﬁimzﬁu'l‘i‘lﬁv?\aLLuua*unﬁ?ni:ﬁuiﬁLtaz'lsﬁumﬁum?n'm’ju%ﬁ viva ld8unn
TunsnsziuandtyeyrnsnRninieuen Port 3 (P36) W Timer 1@y ‘fawﬁuu,lazfam?;ﬁLaaﬂgn

sniluuLL Cascade Tnenaviymaes T, iuBuwneed T,
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0sc
[ ——
D1 (SMR) \[ Internal Data Bus
Y Write i !L Wirite ! ! Read ﬂ
+2 *
PREQ TO TO
Initial Vislue Initial Value furrent \aiue
o Register Register Register
B I 1
+18 _ &k :J
- Down = Down |
Cotnter Counter L — R4
—— Intema! y
y
Externai Clock +2 . l———a TOUT
1 P3s
Clock
Logic |
6-Bit 8-Bit -
-4 Down -7 Down IRQS
\ Counter Counter
Intamal Clock ﬁ T‘r
Sated Siock PRET T T
Triggered Clock Initial Value Initial Value Furent Valus
Register Rogister , Register
TIN P31
Write ! Tt wm.* i i Read* @
Internal Data Bus d

Interrupts Z86E30

v
3‘1.] 2.12 WAAINITNNIUTBINATUAZIRTFUIRT

ANNNTOFUBBAD T WA LAUANFANITUDN 6 UNAT 6 UNAIFINAULNAIE 4 UMAINIR1N Port 3 31
ko i ! rv €
P33-P30 WAYEAN 2 UWNMAY H1RINRNATTL WAZNATAIUIAT ANTNT 4 LAMFINUEIAINIRWAR TN AN

6 Una



iRQO IRQ2

Edge [®—— IRQ(D&.07)
Select
w i
IRQ
|l L__l}
L X ) L J
|

IMR

:
|

:
1

[}
//
Global ¥
interrupt
Enable u
Interrupt Priority L&
Request e Logic '
"‘I o a oo &
gﬂw 2.13 NINIIULDINTBUIADTING
1
Name ALource Vecior Location Comments ;
IRQD 7 IDAVO, IRQO 0.1 External (Pa2), Rising/Falling Edge Triggered
RQ1 . IRO1 2,3 External (P33), Falling Edge Triggered
RQ2 /DAV2, IRQ2, Ty, 4,5 External (P31), Rising/Falling Edge Triggered
IRQ3 L IRQ3 6.7 External (P30), Falling Edge Triggered
1RQ4 T 8.9 Internal
IRQS Ti 10, 11 Internal

P et

AN 4 Interrupt Types, Sources and Vectors

Sefinsdumefndnnndn 1 unse Talasreulnsamefasinnedndnduanudidtyres
nsdwmafng Iael Interrupt Priority Register untdulniAazasni1sdundfindazinnu delulag
paulnsalnaflaay Interrupt Request 8aNuN mn&m:‘lﬂi"umsﬁummﬁ*wﬁﬁLﬁm%gummwﬁﬁn 1
naifie Program Counter WaTWWANTUAMANIIEAN u@:n?zimﬂiﬂﬁmumuL':mmm"?'{'l.ﬁu“m'ﬁ
fwmafin Swmefinannuuuveslulasreulnsames Z86E30 azgnuamesidiuniiaaiudn
g wiulusunsn (Program Memory) Mngauamuatwmdsuazlusidall azfiuaiumiaaes
Tsunsutimsdumefing 16 On eamiBnisiamcdume s ldsunistasetsunsusing

BURNDTINAN
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Felmnziussunnsivazesnisdune e %umaa‘*’%’wm’%uvgmzqnﬂmﬁ’u uaz  Interrupt
request ?"%Lﬂfa?’q:gnmaLﬁ'fa%fhﬁ’imn'wu?n'\i%w,mm?wﬁ '

HATBINITRUARTIWAAIN ANT Azunan IRQ2 uarBumesindaain AN2 axn1ann IRQO
dyoyniumendann IRQ2 way IRQO enmazifluteuaiy 18917as Tnedldannnsaidennis
nswuléva 2 wuy

nmshlsunsudadmiunisidenaeuresnisinmsdumeding @eanlaela D, uay D, 199
IRQ Taawmaf (R250) gUluuuuandly A9 5

IRQ Interrupt Edge
D7 D6 P31 P32
0 0 F F
0 1 F R
1 0 R F
1 1 RF RF
Notes:
F = Falling Edge
R = Rising Edge

A1797 5 pluuiiFaames IRQ

Clock

Tulnsraulvsainas Z86E30 HavasnuiiadtygrnmnRmnnelubeiinugs Tasamnsosenunuiueg
- & J a I [ ~
an?es, RC, lwmdauinunes vzadtyyrnuifinaniauanauw (Xtal 1= 8unn, Xtal2= 10Tnn) ATaN

380ATHANNATINGN 10 KHz 19 12 MHz (g9qm) dmiuAianssihumiuitiuneynsuacsianden

ndvFawingu 10002 '

14
AFARTEAATABTININT XTALT uas XTAL2 Tnafisaifiudsyq(An 10 pF T8 220 pF) siaad
N3198 INARAATYUNMITLINIUAINNTIIATENTEUY ATUEUIUIRNIULLNAT RC dsafun1uuise

FEWIN XTALT UaT XTAL2 ANARnudiianssanaAsaliudseafisaainan XTALT aans1as
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XTALL XTAL1 XTAL1
“T L “I
= N =
.EI_ XTAL2 XTAL2 XTAL2
*T
Ceramic Resonator or c RC Extemai' Clock
Crystal C1,C2=22pF @ 5V VCC (TYP) '
C1,C2=47 pF TYP*
128 MHz L=130uH" C1=33pF*
f=3MHz" R=1k*
f=6.6MHz " .

* Typical value including pin parasitics

31l 2.14 uanguuureaneasilndty U

Port Confiuration Register (PCON)
Faqwmaf PCON utindauzeswaivsineidu peumwiusimefianinminned 3 iluwuy Open-Drain 7

wafm 0 iuuuu Low EMI Noise Ainain 0,2 uaz 3 wazifludnyyraiunfniupu Low EMI Noise 53

anaf PCON avag#i Expanded Register File ALLNA F fisinumida 00 (Figure!15)
i

PCON (F) 00
|o7] o6} 5] 04 03] b2 01] 00]

Comparator Output Port 3 .
G P34, P35 Standard Output
1 P34, P35 Comparator Output

0 Pont 0 Open-Drain
1 Pont 0 Pull-Ups Active®

Must be 1

0 PortO Low EMI
1 PontQ Standard®

Mustbe 1

0 Port2 LowEM!
1 Port2 Standar®

0 Port3 Low EMI
1 Port3 Standard*

Low EMI Oscillator
0 LowEMI
1 Standard®

* Defauilt setting atter RESET

U7 2.15 uans3agimas PCON (anlfaguman)
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Comparator Output Port 3 (D)

fim 0 ArLguatasARIN LIRS mes 3 drlin 0 usnsanuzu “1” azinl P34 uas P35 1l
paNNUSIERSaYIN uastihdn 0 Hantusiilu “0” nefmasiduBunm uaziainuuLNIAT§IY

Port 0 Open-Drain (D1)

wa 0 axfli Open Drain lwniyniile fin D, fAnilu 0" wazazifuuin PUI-Up & D, fiAin
a1

Low EMI Port 2 (D3)

wam 2 azithi Low EMI wainlngliiia D, flaorundy 0" draslilunuuyinsgwliin O,

amusilu “1” t

Low EMI Port 2 (D5) !

wam 2 aziflu Low EMI wainlagliin D, fanmailu 0" dhasliiluwuuninsgwliin D, &

Aoty “1”

Low EMI Port 3 (D6)

wasm 3 aziilu Low EMI wefninalifia D, Hanundy 0" dravlidwuuusnsgiuliin O, J
anuziiiu 17 1

Low EM!I OSC (D7) :

fin D, 3833aAaF PCON azaIuAtIsaidyqnuIRnIULY Low EMI Noise dhiln D, Ay
“1° umaﬂoﬂudwmm?ﬁqﬁ'ryryﬁmmﬁmqnﬁuLLuummﬁﬂuqu"Lﬂ din D, AAndu 0" nunerN
dneasaindunruunRinignduuun Low EMI Taglidinaiu SCLK uag Xtal

Stop-Mode Recovery Register (SMR)

Fadmes SMR nnsidanAsamsdtyununfing LasE nunTeq Stop Mode Recovery (Figure 16)
ynineddaames SMR axdluundeuethaion snduin 7 Raunsndnlfifeetaden Gn 7
TuunSndtingeasin iy 1 thaglusniaz Stop Recovery wazaziili “0” dragluaniaz Power-
On 1in 6 AruANszALdrRL IR Low Y58 High MNAMNEENN1T18INNTINALAY Tin 5 ATLANIIAY
MINIBINSTEANEUFINITIBINALAU TR 2,3 Uay 4 189338mas SMR iugiuues Stop -Mode
Recovery Suorce (Table7) Fadinas SMR %ﬂg,i‘?;umﬁ F 284 Expanded Register Group Adnumia
OBH
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SMR (F) 0B
EEOREEME

—
l_ SCLK/TCLK Divide by 16
0 OFF*
1 ON

External Clock Divide by 2
0 SCLK/TCLK =XTAL/2* 4
1 SCLK/TCLK =XTAL

e Stop Mods Recovery Source
000 POROnly *
001 P30

010 P31

011 P32

100 P33

101 P27

110 P2NOR0:3
111 P2NORO:7
Stop Delay

0 OFF

1 ON*

Stop Recovery Level
0 Low*

1 High

Stop Flag
0 POR*
1 Stop Recovery

* Default setting after RESET

7U7 2.16 FAanas SMR

SCLK / TCLK divided -by-16 Select (D)
in D, azAILANNNIMNS 16 L3AING189 SCLK uay TCLK Taiflunsidenaamasinuitulas

pautnsanasldsendnamsldenanni (aauan SCLK) uaznstuam HALT ( fie TCLK dnalviaasdu

WAYINATFIIAT YTBANIIZNNTBURATING

External Clock Divide-by Two (D,)

iim (D,)AuANNIIWNg 2 Atyayrnuunind dadim (D) Ranuziiluo” SCLK (Atytyrnuwnfinizes
v ]
sUL)URT TCLK (Fyaunnininiaesnsassianan) azwinfuanufuasdyghnunfniniauanis

o

fiat 2 SCLK waz TCLK SAvintudygraanfininieuanidie On (0,)ddndu “17 14a (D,)Rgruis

(D,) 199 PCON

Stop-Mode Recovry Source ((D,, D,, D,) .
TiFaawmef SMR Heg 3 In NiduandnwuzAnaniENaIaINaL Stop-Mode Recovery (Figure 17)

Table 6 uamANHUzANANTRTDITAAIAET SMR WM N19AAT D, T D, daw P33-P31 Tdanmnso

nauAunantuug Stop 16 drgnidsunsauliineuludauaasewndanduwn
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4

SMR 04 D3 2
000
$MR D4 D3 D2 SMR 04 D3 D2 SMA D4 D3 D2 SMR D4 03 D2 SMR D4 D3 D2
00 3 100 101 10 111
01 0 o
o [ IR ] ra‘
Ll PR <4 H
2
] rz7
To POR
L } : d ) iD RESET
Stop Mode Recovery Edge 1
Select (SMR)
To P33 Data
{atch and IAOY

P33 From Pads IW"

717 2.17 uamUnaaTINITe Stop-Mode Recovery

b4
8

SMR Source selection

POR recovery only

P30 transition

P31 transition (Not in analog mode)
P32 transition (Not in analog mode)

P33 transition (Not in analog mode)
P27 transition

Logical NOR of Port 2 bits 0:3
Logical NOR of Port 2 bits 0:7

-l OO =-=- 00
B0 20O S

A9 6 LARNTAINITRY Stop-Mode Recovery

Stop - Mode Recovry Delay Select D,
flunqsminanan 5ms Nemas Stop-Mode Recovery Slusunsaliin D, 1lu “0” azlaifinnsmiadlu
n57dm dilm D, (flu "1” Mewaa Stop-Mode Recovery azvinmsmiatiaainisaugsiilu 5 ms

=

Tuua (D6) friim D6 HAnlu “1" wameimn Recovery Source azuanissAugelunsAungL

RNMNA STOP war d1im D6 NAwdu 0" aufluseaumn

Cold or Warm Start (D7)

fintignaadnlnelulasreninsawnafidiadnllegluluun STOP diim D7 Gamssnmauilu “0”
wanainlulaspaulnsanasgnivaiae POR (cold) filn D7 wamanniu 17 uasdnlulag

v
paulnsaaafgminldnduaniazidnann -SMR source (warm) fin D7 Henldietatinaizng
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Watch - Dog Timer Mode Register (WDTMR) WDT !

’:z o v ¥ “ o = rdi <2 dr‘:z 1 4
Wunasiananuuuiunenszuininsinnitaalulaseulnsasefilefunaaeli woT avvgn
navaudetlaeTesuazazinnissea idmugluuuees WoT fiseenis h WDT gniEnldennuuds
Tignnsnazuganisinenuld dygwnfing Re Asedulalasreuinsamed viaunanaasaii
doyoymaunaniauanidnamig XTAL 1 msdendinaasdygusnfniaziaananin D4 184
WDT FRaunef

WDT Time - out Period (Do waz D1) @in 0 usz i 1 AYUAN time - out period fiael

Time-out of Time-out of
D1 DO  internal RCOSC the Crystal Clock
0 0 5ms 256TpC
0 1 15 ms 512TpC .
1 0 25 ms 1024TpC
1 1 100 ms 4096TpC
A9 7 191981 Time-Out
WOTMR (F) OF

el l=]=]e]

—L WODT TAP INTRC OSC Extemal Clock
00 5ms 258 TpC
01 15ms 512 TpC
10 25ms 1024 TpC
11 100ms 4096 TpC

WOT Dusing HALT

0 OFF

1 ON*

WDT During STOP

0 OFF

1 ON*
XTAL1/INT RC Select for WDT
0 On-Board RC *

1 XTAL

Reserved

* Defauilt setting after RESET

51l 2.18 wansTaames Watch-Dog Timer Mode
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Auto Reset Voltage
Wlnlrsraulnsaiaas Z 86E 30 ariineaspenunIswaTuUMiNanagaudn Vo TaFuusaiuife

, . o ' - o o v v o0 '
ﬂ’\i‘ﬂﬂ']\]fq]ﬂﬁ]ﬂ\'lﬂ?ﬂhxl yl»utﬂ?ﬂ'ﬂutﬂ?ﬂl@ﬂ? ACHINTTEADILNAUNATIRINAN VRST (AUtO Reset

Voltage §1/% 2.20

vee 2.80

(Voits)
260

240

220

2.00

1.80

1.60

1.40

60 40 20 0 20 4 60 80 100 120 140
Tempersture

o

717 2.20 usAg VRST uazgoumyil

at

EPROM Programming Mode !

1319 8 uamsAusedidunsiUsunsulnntasmstsunsudnsan mee o uax qulit 2,21,
2.22,2.23 uamslnfidlaezunsuaesiuuanistilsunsuinsen gUR 224 uapausudamsineuses
nstilsunsa@wsanGamilonnu 2764 A Swsan (Z68E30 i 4K Swsan dau 2764 A § 8K
Bwsen) R 225 uamanssieldnussuinslalasaeulniaines Z86E 30 Muwsan 2A64A
Hasmnaunefiuansnaiuaedinsan 2764 A fuansenly 78630 Mufluntstsunsadeagszming
0000H 19 OFFFH
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WDT Tuszuinaluum HALT (D2)
fin D2 wansliiindn WOT yinowagiselidlusswintuun HALT film D2 uamanmoziy “0”

uanedn WOT Tdlsinauluscegluluun HALT

WDT luszndniuum STOP (D3)
fim D3 1y “1” wamedr WDT e urnusiidulunn STOP duilu “0” uamein woT ils

nulurnsiduluun STOP wsiflasainaassasa¥ gy uunfiniges RC malu POR uaz

WDT #aa Awieudandtyeyiuunniain XTAL 1 unu

FunuIRni1as WDT (D4)
in D4 gniteeeadiawmad fignldiiudyymunfninaneifunaly POR uaz WDT ia D4
fanziu * 17 asasaFrdygiuunn RC neluasgnenldusydtyeyuunfinanldunu andlu

&yoyunfm Aldfazanainaasaiwdygyiuunfing RC

4 Clock

Ao Clear 18 Clock RESET
CLK Generator RESET
1 Intemal
RESET
| I ;
" womim > { Wor e sLecT |
CK Source 1
Select
(WDTMR)
XTAL 2> 5msPOR  5ms 15 ms 25ms 100 ms,

xc=

oK WDT/POR Counter Chain
CLR

RC
oscC.

2V Operating

vDD
2V REFE

From
Stop-
Mode
Recovery
Source

wDT

12 ns Glitch Filter

Stop Delay .
Select (SMR)

U7 2.19 usmns7un uaz Watch Dog Timer
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Programming Modes Vep EPM ICE /OE /PGM ADDR DATA V.

EPROM READ1 X Vu Vi Vi Vm ADDR Out 45V

EPROM READ2 X Vi Vi Vi Vw ADDR Out  Ss5v

PROGRAM Vi X Vi Vi V. _ AODR ¢ in 6.0V

PROGRAM VERIFY Yy X Vu Vi Vs ADDR Out 60V

EPROM PROTECT Vu Vu Vn Vi \ NU NU 8.0V

RC OSCILLATOR SELECT A A V, \ A NU NU 6OV

RAM PROTECT Vi Vi Vi Vi Vi NU NU 60V

Notes:

Vy = .125V.125V

Vey = Asper specific Z8 DC specification.

V, = Asparspecific 280C spectiication.

X = Notused, bul must be 56t to Vy, Vi, O Vy levet.

NU = Notused, but must be set to either Vy, or Vy level.

Inp Quring progr g = 40 mA

lo during programming, verify, or read = 40 mA maximum.

* Ve has a tolerance of £0.25V.

-t
A15199 2.8 udmanislilsunsy EPROM
Parameters Name . Min Max Units
1 Address Setup Time 2 ps
2 Data Setup Time 2 Hs
3 Vpp Setup 2" Hs
4 Ve Setup Time 2 us
5 Chip Enable Setup Time 2 ps
6 Program Pulse Width 0.95 ms
7 Data Hold Time 2 Hs
8 JOE Setup Time 2 pe
9 Data Access Time 200 ns
10 Data Output Float Time 100 ns
11 Overprogram Pulse Width 2.85 ms
12 EPM Setup Time 2 us
£ JE————

13 /PGM Setup Time 2 »s
14 Address to JOE Setup Time 2 us
15 Option Program Puise Width 78 . ms

=
A5 1N 2.9 waMILIRIluMsldsunsy EPROM
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2.3 'ﬁ’ug'lum‘iﬁ']a'm‘ﬂm Remote Control k&2 Monostable
ﬁuﬁqumsv‘hmu-ﬂm Remote Control
lutassemifldnasaaunuszerinalatld Remote Control ilufadimaitasuaunizineu
reaAienlfueimea 3 1C fanldusdedoyonadunmin Ae wef TC 9148P Faammsnuse
Ardavavunl 75 Arda
ot 12 ArdeldmnmsnaAdifedddiden uaransonaRdwian M el IdddaRy
T1@n 63 Aada
IC inmlaelduseiiulwfinszndng 2.2 - 5 valt
n1gviuLas IC lwaf TC 9148P

na3giamndlu IC was TC 9148P grunsanivuualdlaald Crystal Minunseseninegn 2

.I/ 9/ a} 1 e JA’ p 2 -l
wax 3 199 IC Tmenialildaanuniaes Crystal Wil 455 Khz. insnsanunsomtaldinauasfisnagn
Tnaaclfaniynand 38 Khz.  uszivaiflunizaanisgoi@anadanuainunasstes Remote
Control 43l Battery aunm AA 41wy 2 feu  wastulianudaznuliaaudifaaiinamn

AAINGLYINIY

[TTTTI

(=) (s1) sz2)

<l ° ‘ -
10 2.21 UAAIANMUIAE]



30

dynuiildannnienadd 1-6 axfludynusiaiias Toamuriiedinaddey dou

v

e ayy -l v e -y a o ey Wy 2 Yoaa
wiwnilFannnsnard 7-18 arlilaniymeanunifesionden wiinmaznardinlireliinw
TnalareaFramalusia IC waf TC 9148P uanagiagli 2.22

Yoo anp
b o P 2
O—0
osc } - DEVIDER
DECODER
. |
. ; -
. ouTIUT
HOLD/BIFOLE PULSE | 5
SI0NAL GESERATOR q ), ::mxzrn _{. them
| IO
. ) &
TR (4
-il s . . &
xs (o Ky : €9m
1¥POT. i«
xe (= GIRCUIT g/
GODE BIT
s [ IXIRQ-SIGHAL L—{ SIGNAL OSNERATING
OENERATING. OTROUIT CLROUIT.
. k8 (o s
) 12 13
n T2 TS CcoDE 1

sUi 222 uasalaseadamaludioled
ﬁryrmmtmﬁvgwf;mﬂanmq:u‘]uuun 12 bit g 1 word TnefiriasientaeusiasiuAdiing
C,-C, lu 3 fimusn MulAntndwiumsiuslAntesiiiuassisdeiunseiy Radnay
{u 1" Wesdelalanannan Code (13) Wenn T, (10), T, (1) , T, (12) Fauanaluglii 2.23 ol

fayaluusasimfnarnasiu *1* daselalanlfen Timing uaziiuor dighilidelalandingrd

ot 1C914 8P
£ PR -
0 1 Q2 13 . ) N
LU e e < 4 v - b

PR

TR e i
— -
P

ook

-

gl 2.23 nnssia Code bit -
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e

° “ - -il & a9 “ 0 3 ] - - ]
Amiuini 4-6 aziulfaindmivnuuadndudoyoyuuuusetinnisawuudyyinn

-l
\En
i

Awiuiing 7-12 amuAdBunm Data Code 6 bit i

a
3

doyegrounias 12 bit AananaiilasaFregiluuuiegfl 2.24 axdunndiulddn nrdedyann

¥i4 12 bit azliAiil 48 a - (nefidaq a azimualaadeyafildaniiinde

a=192/F wirenily Fund

x

I eream—S T

nldyamuresdinfiuanindayadu <17 vie 0" axlidnunzunnsiuiuandlugli 2.25

HOLD/BINILE PULSR
CODR BIT READER READER i

T a0
82, o KXo
i -

&

bl? cz2

1M
i

1

P o

RO I

s 1’

g1l 225 Anmouzresdyoinin 07 uaz T 1

v

Hanadinddrunyntaaiden (7-18) axiidynuanivneenly 2 aft neiddaedu doeum

60 a URST2MAIAD 80 a ufaugm Aeuansluglil 2.26



S1LR-GHOT -
£eY O ! ‘
- 60e 48 80u «8a
Tx ovr I . I I I )
3
1
CONTIIRIO0S 0P <
KEy-oX ) s0s  4sa  Boa : 4se- 2082 4% 80s s
o
s ovr S AR
- E " ot
mamareise sious | 1 [ 1

© PELEE NODULATED
TIASSMITIING GTOMAL

4‘ i - Ld
51l 2.26 uansdynyruifaainnznaat

)
+

'J - « o« 1 ] J 1 Iyl
\anagind Adrailies (1-6) Ayryruanldasaanyn 2 199 aniazugaidiugt 208 a

aduiullFen aruvinindianaddineliey fygrusinanazgndseenlilnanimegueaiy

.J o« 3
prdnvE Andayates IC waf TC 9148P azlddn

pNDARUNME (F) = F,. /12
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By

H|S1|S2|D1|D2|D3|D4| D5 | D6
1. 1 0 0 1 0 0 0 0 0 Cotinuous
2. 1 0 0 0 1 0 0 0 0 Cotinuous
3. 1 0 0 0 0 1 0 0 0 Cotinuous
4. 1 0 0 0 0 0 1 0 0 Cotinuous
5. 1 0 0 0 0 0 0 1 0 Cotinuous
6. 1 0 0 0 0 0 0 0 1 Cotinuous
7. 0 1 0 1 0 0 0 0 0 Single-Shot
8. 0 1 0 0 1 0 0 0 0 Single-Shot
9. 0 1 0 0 0 1 0 0 0 Single-Shot
10. ol 1 0 0 0 0 1 0 0 Single-Shot
1. ol 1 0 0 0 0 0 1 0 Single-Shot
12. 0 1 0 0 0 0 0 0 1 Single-Shot
13. o| o 1 1 0 0 0 0 0 Single-Shot
14. 0 0 1 0 1 0 0 0 0 Single-Shot
15. 0| O 1 0 0 f 0 0 0 Single-Shot
16. 0 0 1 0 0 0 1 0 0 Single-Shot
17. 0 0 1 0 0 0 0 1 0 Single-Shot
1. lojo|1|lo]o|lo]o]|of:1 Single-Shot
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P= |
UNy 3 ,
NFATUIUUAZNNTESI9TATIU

3.1 MSINMUIBINIRTIRIUYUNYE _

Nugnunmavhaeurasstrunsedugumgivastilusaia (Monostable)

ularenil nanmaduguugimeludesflieninmsiinwieniiuania Hnefameiuas
seasiufuaisda Wusanmasugunnisazdanaresguuniun lulnsaeutnsained aviams
Uszunana Tmmﬁﬂazt‘ﬂ'ﬂmmmﬂfzjmmm'uammﬂuiuaLﬂtﬁaﬁwﬁﬁaﬁ

inasfiaiaad (Thermistor) usamaduguugilansfidenidfian 6.8 kQ A 25 asm
wada Arsaspuiunuresmeiianefaziidviianilaguugiigeiu (Negative Temperature
Coefficienthsniunafiawmaflseaynsuit VR1 A1 10 KO uazantl@ines C4 An 100 nF ey
e Wriululug wuiia Tmﬂﬁﬁqmmﬁ@;q%ufhmmv’humuﬁq::ﬂmmﬁ’u‘lﬁdﬂtfrﬂwmfﬂuﬂmu‘:ﬁ

D
g9as Tilumadia  swstuluamda@entd i wef LM 555 i’i«i’luﬁfﬁn'ﬁmuﬁ’umjw

WnFuane warnminwiiuaegy 3.1

JEY T8 +18% : 109

TRIGCER s

RitlaiLy
"o L3a8

N
NS

AMSE ]

o e AR e o e
a
=

€~ CAPACTANCE (uF)

]

s
— ' ‘
Ca T VY

(0uxil0psire{Qnetioe 1z 183 10
tq = TIMESDELAY" -

l“

311'7‘1 3.1 uAnINas Monostable Taald IC LM 555
RINNAT Lﬂaﬁ’ryty'lmﬁm visninef (Trigger 11 2) wWasuszduain la (High) dlu Ta (Low)

azvin e W (Output 113) 1y la s winduamisuds azanaailu Ta aulnd Taeaan

wisamnlsangas

d=1.1R,.C,
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aqnmnatnalu Data Sheet 189 LM555 danimun i
R, =9.1 kO
“C, =0.01 ULF

d t, =0.1 m/s

asm, - « : - L] v v ar ar

anauaniRrauneifiameiuasinluamdaeidaihndsenudndeaiuduarnmady
qouul TnanisunuAn R, soe waflamefuasaausinumnliudrlilian C, fidn = 100 nf
4‘ - 4 -ll-l J [ -y ] o ¥ ' . - -3
WegnumgiiluiesdfiirielFuainia SArsineiy Arundnaasan t, (time delay) 1asiuiuaimia i

- ¢ -; ] o } 3

agiiAnansneiulldas

J 1 1 - H d o 1 <

WaldArrundeee t, uanstguuglufasiiiieranfuanaegiefavddl i lulas

poulnzaafiantsLlszinana s seld

3.2 N19HIIUTBINATAILANUSEINRGTL
ngvihnuraslalasaaulnsanad
fnstenssieuil
3.2.1 "Mmsfudrguuiianfansadugumninlszanng
3.2.2 ﬁﬂﬂ'\ﬁuﬁmrg'\mﬁqé’wmq ’-\’mI.ﬂ‘id"mﬂ')UF}N?:ﬂ:1ﬂﬂN'lﬂi‘:N')ﬂNﬂ
3.2.3 vamsdedtyryrnnruauiiiFanmaszusana lihianizaauqunasile-dla
witaliuanna muv?qmu@um?ﬂ?u'qmuqﬁmmm‘%mﬂ?ummﬂﬁoﬂ
3.2.4 Mmedadtyyinuansgmniilliidounsasuassnagomgil (Display)
fUTBINTFUARUNYNRINNRTATIRUUU A TENIRNEA
ludnuiiwhasudyyn faduiadPuise) fiflrauninuInAegmyR Fovtadil
1#1a1na9at Monostable Tasfudund 11 18 aadhilarreuinsaiaef Ineliiedyyniiven
qmuqﬁﬁ%dﬁ TEMP
uannisreanslssiaanatguu)iaedinlasrauinsaiaasd @:éuﬁqnﬁ?ﬂ?zmauafqmuqﬁ
firawle ‘lu‘l‘mmu‘l‘mamm’&lﬁ’w"qmﬁﬂmqmuqﬁ Ttnnsdadtycyrnunszdu (Trig) 2anANI7
23 1elulrrnauinsaiaad "ﬁwi'aﬂfjﬁ’um‘i‘i 3 (1YY Trig) 2899937 Monostable eflfynyns
mﬂummﬂﬂng%uﬁmﬁ axiiua1¥17 OUT (11 3) 184 Monostable ilAtuRnszAuR( Low) 1l
seAuga (High) Tnefinanviaiuen T, Fal&ndraanuda Fad T, {‘Iﬁzumnvifmﬁumuqmuqﬁ
Turnuzihilaseeulnsainadedyqyiunszu Wesudqumniiud susReafuftoianng

naepulineaniy (Counter) nMelusaraslulasrauinsanaion WiianieGusuivludaawsan i
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WelfFudyyrndaduiadifinnannundeeineg #1an19as Monostable nndalnlas
< v 5 &3 o o O AJ-\ -g n‘
naulnranefuds Tulazaeuinsanaifiaziiniaiuduim Clock Minuannuateansilaeu
t ] ] L 4 i) 1 4 1
svfuRnszAusuTiuszAugy SeamameluiasiinnisiasaiediveniaiufiArresguugii
uAnsnaiu WadndeandelulasneulnraneRatinnaanundraiuansdniullfon finavinlnlulag
asulnsaaaf vnasiudtyayred Clock annasasiumalusalulasaeulnsameiliauauniuansig
[ 4 4‘ “ o & 1 d' « -a‘ J [
Mugne Feeaniuazugaiuisedia yioieniymeed Monostable waauAanseiuguiiu
2EALAN
1 [ 1 - - ° -« 1 o 4 o
Fonsindgoumpiiaeldmelulmed uasimatuAsuan Clock Aldanasniunielu

TulasrautnsainafifAsingeg damiean 3.1
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A58 3.1 HANITNARBINTIAANOIMAN

60 | 188 15  EB
16.5 1.86 18 E8
17.0 1.84 1C E4
17.5 1.82 1F E1
18.0 1.80 22 DE
18.5 1.76 24 DC
19.0 1.74 27 D9
19.5 1.70 2A D6
20.0 1.66 2F D2
20.5 1.64 32 CE
21.0 1.62 . 35 cB
215 1.60 38 c8
22.0 1.58 3A cé
225 1.56 3D c3
23.0 154 3F o
23.5 152 41 BF
24.0 1.50 43 BD
24.5 1.48 45 BB
25.0 1.46 47 BY
25.5 1.45 49 B7
26.0 1.44 4B BS
26.5 1.42 4D B3
27.0 1.40 50 BO
27.5 1.38 52 AE
28.0 1.36 54 AC
28.5 1.34 56 AA
29.0 1.32 58 A8
20.5 1.30 5A A6
30.0 1.28 5C A4
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mefuAdsnisTasAtLaNssasinauaz Malszaaaa

Humsiumdnniaiaseuguszezing faclipluuisesddeyseeninduaadiumsnly
it 6 llazaeuinsaiaafazinisls: mﬂuadqﬁquqﬁmmmnLﬂ?"mmuamzﬂ:‘lnﬂ&u &l
"lu‘[ﬂénﬂuimmam'ﬁm:'l? ﬁ'mﬂ'u‘luTﬂmﬂuTmamﬂfﬁq:ﬁﬂn'\?dqa’mm']mmu@n‘lﬂﬁmﬂm‘tu"lu
daupine ARt

msa’oﬁ’mmqmmnnu-?\\ls'fmnmsdsvmaua

n1sarLANNTLTln Tnrdenlfuenna iasseuinramefasinnimlzuanadays udads
d’cyty'\tumuﬂu'lummuﬂNnu'munuamo"wLﬂuﬂﬂ fathatu oo fuanniaindaii
g druenldanlu Timer Mode ilasraulnsaiaefsmmuiufidnsdeianala s
Aaarlumstlianlsznans Wedananfigaly 'luTmnauTmamafﬁqmqmdﬁmmﬁmmmum?
FrauteuAtealfuenma iasliuanafasugainay lumenduiudniaiaalfuainiaing
wgamminaueg e ldanlu Timer Mode iuTﬂmﬂu‘iwmmasmvvmuwuwnmmmmtﬂmmsm
Ufuainim mnuunmmmmmw‘lmmnLmﬂqmumm"zlv'lnamﬂ?vmaua fatananidelillag
ﬂﬂu'imﬂmmnmduﬁ’mrmmmué’ﬂnLm‘mﬂmmmm?ummu ‘Nn'\ié’qmﬂwamumunmﬂm I
wiaaifuenmatiu azflunedan Software vy \

m?ﬂ:v“uuﬂ-'ﬂfmﬂuqmvmﬁmmtﬂ‘?’lmﬂé’ummﬁ u"j'aw'w’imnwﬁ’quamunﬁmmm"?"aaﬂ?"u
a1ma Tnemelfiasesnuanszaring 'nﬂmmLﬂm"lﬂ'lunu‘lufmﬂﬂu‘imaLﬂmmxflummﬂmrum
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nsdedanuudmauupitildidusasudaning (Display)

mruasnatasgamniinetuiedhilasasuinga Lﬂfﬂ?’fazﬁﬁmﬁ*ur-i'mmwjﬁmmm?m')%"u
qnmquumwmfmhumaumﬁqmuquumtﬂumﬂ? anmifu f-\"mﬁ’rufu'\m Binary 4bit T/ PAL
af 16L8 1n'm'\mJawaHamn‘luTmﬂﬁuTmatafa?dq‘h.lmu Seven Segment WiAnfuAdeyalng
Mularnautnramas favdadyunuunaunn IC 74145 'lmmﬂmltﬂmzﬂum (Low) thaaanas i

Seven Segment Anfindnla

NASINUTB29951

v LTeasilisnaudae Tasueaduau 5 s Mwef 2n6073 Mlunisarunudon
FN9AR

- ASLANAMNUTITEAGN 3 T2 AR Low , Medium uaz High

- pnuqumstiadanaumsarsed

- muﬂumﬂaﬂumuwuﬂmwﬂmaaummm?ﬂmmmmﬂ

1uimﬂ'au‘imaLﬂmmm?muﬂmmmu‘[mdm’mmmvmum’mwm i (Gate) ) 1elaTun
A o MT, q"mﬂqnu A.C. Line 220 Volt uazlviuan 5 Volt dau MT2 nnmnnﬁqumquﬂn?mw
FBININTAILANNITH WY Fernnldsudygrnszdusianilasaeutnranes finavinlilazua
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4.1 NMINARBIIRABUNYN
gunsainldlunisnaaas
1. Control uajn

2. weiluiimas
3. Oscilloscope

4.78 CCP Emulator

5. tnau

6. 1ufiu

7. ufiatn
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1 : : i b3 \ :
tl = -4.360ms t2 = -2.480ms A&t = 1.880ms /6t = 531.9 Hz

State Volts/Div  Position Cplg BW Lim Inv  Probe

Chan 1 On 5.000 V -156.3mV DC Off Off 10:1
Chan 2 Off 100.0mVvV 0.000 V DC Off Off 1:1
Main Main Time Delayed Delayed
Mode- Time/Div Delay Ref Time/Div Delay
Horizontal Normal 1.000ms/ 0.000 s cntr ---=~---  --=---
Trigger Mode Source Level Holdoff Slope Couplg Reject NoiseRej
AutoLvl Ch 1 156.3mV 200.0ns Pos DC Off Off

Display Mode: Normal

Cursors: tl=-4.360ms t2=-2.480ms V1(1)=0.000 A% V2(1)=5.312 V

- S FPN
gUN 4.1 wanspldtynrnresinluamilisfiguugli 16.0 awrraidng
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4 5.00Y ~0.00s  1.00%/ £1 STQP

A

0
)
1
1
1
1
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e asdeeeaneans oo wen [ H L B : - for eeeane
: I H : : 2
1
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: : . b 5 : J ,
t1 = -2.300ms 12 = -440.0us A&t = 1.860ms /0t = 537 .86 Hz

State Volts/Div Position Cplg BW Lim Inv Probe

Chan 1 On 5.000 V -156.3mV DC Off Off 10:1
Chan 2 Off 100.0mVv 0.000 V DC Off Off 1:1
£
Main Main Time Delayed Delayed
Mode Time/Div Delay Ref Time/Div Delay
Horizontal Normal 1.000ms/ 0.000 s Cntr --------  =-=---
Trigger Mode ' Source Level Holdoff Slope Couplg. Reject NoiseRej
AutoLvl Ch.1 156:.3mV 200.0ns Pos- . DC Off Off

Display Mode: Normal

Cursors: tl=-2.300ms t2=-440.0us vV1{(1)=0.000 V v2(1)=5.312 V

-

:ﬂ‘ -‘\’ md -
SU 4.2 wanepUdygusadiniuanidiaiquugll 16.5 s Taldea
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{ S.00V . . £-0.00s  1.00%~ £4_STOP ™

e ...|..4..4.+,.|...|.44

: : L p . : .
tl = -3.000ms t2 = -1.160ms A&t = 1.840ms lrat = 543.5 Hz

State Volts/Div  Position Cplg BW Lim Inv  Probe

Chan 1 On 5.000 V -156.3mV DC Off Off 10:1
Chan 2 Off 100.0mV 0.000 V DC Off Off 1:1
Main ° Main Time Delayed Delayed
Mode Time/Div Delay Ref  Time/Div Delay
Horizontal Normal 1.000ms/ 0.000 s Cntx --------  -----
Trigger Mode Source Level Holdoff Slope Couplg ‘Reject NoiseRe]
AutoLvl Ch 1 156 .3mV 200.0ns Pos DC . Off Off

Display Mode: Normal

Cursors: tl=-3.000ms t2=-1.160ms V1(1)=0.000 V V2(1)=5.312 V -

o

al »- -
g'l.hn 4.3 megﬂd’rgtyﬂmﬂmﬁul‘uﬂmmaﬁqquu 17.0 avATaTea
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5.00V —0
. : . : h4

.003 1.00%/ £1 STOP

H H R R

Lt e — AR

t1 = 460.0us t2 = 2.280ms At = 1.320ms

State Volts/Div  Position Cplg BW Lim Inv Probe

Chan 1 On 5.000 V -156.3mV DC Off Off 10:1
Chan 2 Off 100.0mv 0.000 V DC Off Off 11
Main Main Time Delayed Delayed
Mode Time/Div Delay Ref  Time/Div Delay
Horizontal Normal 1.000ms/ 0.000 s cnty --------  ~--- --
Trigger Mode Source Level Holdoff Slope Couplg Reject NoiseRe]
AutoLvl Ch 1 156.3mV 200.0ns Pos DC Off VEf .

Display Mode: Normal

Cursors: tl=460.0us . t2=2.280ms V1(1)=0.000 V V2(1)=5.312 V

ol & ~
31 4.4 uampldygneedduluawiaiguugll 17.5 gemueadus

e e e e A
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H.........\,Ik..._..l.......’.. TN PP

tl = -1.340ms t2 = 4680.0us

800ms /8t = SE5.8 H

At = 1. =
State Volts/Div  Position Cplg BW Lim Inv  Probe
Chan 1 On 5.000 V -156.3mV DC Off Off 10:1
Chan 2 Off 100.0mvV 0.000 V DC Off Off 1:1
Main Main Time Delayed Delayed
Mode Time/Div Delay Ref  Time/Div Delay
Horizontal Normal 1.000ms/: 0.000 s Cntr --------  =-=-=--
Trigger Mode Source Level Holdoff Slope Couplg Reject NoiseRe]
AutoLvl Ch 1 156.3mV 200.0ns Pos DC Off Off
Display Mode: Normal
Cursors: tl=-1.340ms t2=460.0ﬁs- V1{(1)y=0.000 V V2(1)=5.312 V

- =~ =
- gUf 45 uanagfygronediluandefignugil 18.0 avAtaidug

~
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tl = -1.400ms t2 = 360.0us at

1.780ms lrot = 563.2 Hz

State Volts/Div  Position Cplg BW Lim Inv  Probe
Chan 1 On 5.000 V -156.3mV DC Off Off 10:1
Chan 2 Off 100.0mV 0.000 V DC Off Off 1:1
Main Main Time Delayed Delayed
Mode Time/Div Delay Ref Time/Div Delay
Horizontal Normal 1.000ms/ 0.000 s Cntr --------  =-==--
Trigger Mode Source Level Holdoff Slope Couplg TReject NoiseRej
AutoLvl Ch 1 156.3mV 200.0ns Pos, DC Off Off

Display Mode: Normal ¥,

Cursors: tl=-1.400ms t2=360 .-0us V1{(1)=0.000 V vV2(1)=5.312 V

q1ft 4.6 uamgﬂd’mrmmmm'[u‘[uaLmﬁaﬁqnmzjﬁ 186 A adea
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4mm.,

VI [
c I !
L e =
: I I
T = —350.00s 12 = [.4%0ms Bt = T7aoms /AT = 5747 F=
State Volts/Div  Position Cplg BW Lim Inv  Probe
Chan 1 On 5.000 V -156.3mV DC Off Off 10:1
Chan 2 Off 100.0mv 0.000 V DC Off Off 1:1
h Main Main Time Delayed Delayed
Mode Time/Div Delay Ref Time/Div Delay
Horizontal -Normal 1.000ms/ 0.000 s cntr --------  -----
Trigger Mode Source Lével Holdoff Slope Couplg Reject NoiseRej
AutoLvl Ch 1 156.3mV 200.0ns Pos DC Off Off
Display Mode: Normal .
Cursors: tl=-320.0us t£2=1.420ms - V1(1)=0.000 V V2(1)=5.312 V

k2

.

w

-l & -
gﬂw 4.7 u.ﬂmgﬂd’cyrg']m'nm'l‘u‘l‘ummuawqmuqu 19.0 mmmmﬁaa
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bt ot

.
1

2.560ms t2 = -1.880ms 4t = 1.700ms /6t = S88.2

Hz

State  Volts/Div  Position Cplg BW Lim Inv  Probe
Chan 1 On 5.000 V -156.3mV DC Off Off 10:1
Chan 2 Off 100.0mV 0.000 V DC Off Off 1:1
Main Main Time Delayed Delayed
Mode Time/Div Delay Ref Time/Div Delay
Horizontal Normal 1.000ms/ 0.000 s Cnty --==~-=---  ~-===
Trigger Mode Source Level Holdoff Slope Couplg Reject NoiseRej
AutoLvl Ch 1 156.3mv 200.0ns Pos DC Off Off
Display Mbde: Normal
Cursors: tl=-3.560ms £2=-1.860ms V1(1)=0.000 V V2(1)=5.312 V

qUft 4.8 uwanspldygnurealuluamida

'
-~ -

NyoungH

19.5 BIANTATnA
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t1 = 340.0us t2 = Z2.000ms &t 1.680ms lrot = BOZ.4 Hz

State Volts/Div  Position Cplg BW Lim Inv  Probe

Chan 1 On 5.000 V -156.3mV DC Off Off 10:1
Chan 2 Off 100.0mV 0.000 V DC Off Off L:1-
Main Main Time Delayed Delayed
Mode Time/Div Delay Ref Time/Div - Delay
Horizontal Normal 1.000ms/ 0.000 s cntr ------=--  -----
Trigger Mode Source Level Holdoff Slope Couplg Rejéct NoiseRej

AutoLvl Ch 1 156.3mV 200.0ns Pos DC Ooff Off

Display Mode: Normal

Cursors: t1=340.0us £2=2.000ms V1(1)=07000 V V2 (1)=5.312 V

1
-

- i & o -
gl 4.9 uamgldyauredinluambanguunii 20.0 R LT
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{1 5.00V . —0.005 1.00%/ £1 STOP
R L -
et U RSO SO | S I i Feeennn veeieens
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t1 = -3.020ms t2 = -1.400ms &t = 1.820ms lrat = 517.23 Hz

State Volts/Div Position Cplg BW Lim Inv Probe

Chan 1 On 5.000 V ~-156.3mV DC Off Off 10:1
Chan 2 Off 100.0mV 0.000 V DC Off Off 1 a1
Main Main Time Delayed Delayed
Mode Time/DiVv Delay Ref Time/Div Delay
Horizontal Normal 1.000ms/ 0.000 s Cntr ----=-=~  -----
Trigger Mode Source Level Holdoff Slope Couplg Reject NoiseRe]
AutoLvl Ch 1 156.3mV  200.0ns Pos DC Off Off

Display Mode: Normal

Cursors: tl=-3.020ms t2=-1.400ms vV1i(1)=0.000 V V2(1)=5.312 V

=l , co X -
g% 4.10 wanepldygrnueddiluamdianguugil 205 s aidea
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4 5.00v ~0.00s  1.00B/ . £1 STOP
: : i : N L
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t1 = 1.820ms 12 = 3.440ms At = 1.620ms 176t = B17.3 Hz

State Volts/Div  Position Cplg BW L
Chan 1 -On 5.000 V -156.3mV D¢ Off
Chan 2 Off 100.0mV 0.000 V DC Off
Main Main Time
Mode Time/Div Delay Ref
Horizontal Normal 1.000ms/ 0.000 s Cntr
Trigger Mode Source Level Holdoff Slope

Display

Cursors:

PRS-

AutoLvl Ch 1 156 .3mV 200.0ns Pos

Mode: Normal
t1=1.820ms £2=3.440ms  V1(1)=0.000
I

gﬂﬁ 4.11 wangUdyeyrnuresluluawda

im Inv Probe
Qff 10:1
Off 1:1
Delayed Delayed

Time/Div, Delay

DC

v . Vv

dl -
ool

_______

Off Off

2(1)=5.312 V

21.0 aAgATed

Couplg Reject NoiseRej
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irat = 525.0 Hz

State Volts/Div Position Cplg BW Lim Inv Probe

Chan 1 ©On 5.000 V -156.3mV DC Off Off 10:1
Chan 2 Off IO0.0mV.‘ 0.000 V DC Off Off 1:1
Main Main Time Delayed Delayed
Mode Time/Div Delay Ref Time/Div Delay
Horizontal Normal 1.000ms/ 0.000 s Gttt -4 | -----
Trigger Mode Source Level Holdoff Slope Couplg Reject NoiseRej
AutoLvl Ch 1 156.3mV 200.0ns Pos DC Off Off

Display Mode: Normal

Cursors: t1=0.000 s £2=1.600ms T VL(1)=0.000 V v2(1)=5.312 V¥

]
- -

- ~ :
g 412 ugmagLldyeyrnusasinluaimidangougil 21.5 asradea
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1 5.00V . —0.00s 1.00%/ £1 ST0P
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State
Chan 1 On
Chan 2 Off
Mode

Horizontal Normal

Trigger Mode
AutoLvl

Display Mode: No

Cursors: tl=-2.4

: . :
= -320.0us At = 1.580ms 178t = B32.3 H

~

Voltsg/Div  Position Cplg BW Lim Inv  Probe
5.000 V -156.3mV DC Off Off 10:1
100.0mv 0.000 V DC Off Cff 1:1
Main Main Time Delayed Delayed
Time/Div Delay Ref Time/Div -Delay
1.000ms/ 0.000 s cntr --------  -==--
Source Level Holdoff Slope Couplg ‘Reject NoiseRej
Ch 1 312.5mv 200.0ns Pos DC Off. Off
rmgi '
0Oms t2=-820.0us V1i(1)=0.000 V V2(1)=5:312 V

. ‘ -‘: -1 N - -l
g1 4.13 uampldygrnaesiniuamiiaiguunll 22.0 evrsaidud
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1 5.00V ‘ —0.00s 1.00%, - #f1i STOP

|
e PR Tovervanen Fererenens TN Taee. .. A | S HUTO
| :

1 6t = B841.0 H=

t1 = 200.0us t2 = 1.760m3 At = 1.560ms

State Volts/Div  Position Cplg BW Lim Inv  Probe

Chan 1 On 5.000 V -156.3mV DC Of £ Off 10:1
Chan 2 Off 100.0mV 0.000 V DC ~ Off Off 191
Main Main Time Delayed Delayed
Mode Time/Div Delay Ref Time/Div Delay
Horizontal Normal 1.000ms/ 0.000 s Cntr ----- R
Trigger Mode Source Level Holdoff Slope Couplg Reject NoiseRej
Autolwl Ch 1 312.5mv 200.0ns Pos DC Off Off
Display Mode: Normal '
Cursors: tl1l=200.0us £2=1.760ms V1(1)=0.000 V V2(1)=5.312 V

= & &
sun 4.14 ummgﬂﬁ’ryrmmmm?u’fuﬁmeaﬁﬂmmu 22.5 aaAtaidg
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1 5.00v —0.00s _ 1.00%/ £1 STOP

t1 = —4.180ms t2 = -2.840ms A&t = 1.540ms 1/81 = 549.4 Hz

State Volts/Div  Position Cplg BW Lim Inv  Probe

Chan 1 On 5.000 V ~156.3mV DC Off Off 10:1
Chan 2 Off 100.0mVv 0.000 V DC Off Off 1:1
Main Main Time Delayed Delayed
Mode Time/Div Delay Ref  Time/Div Delay
Horizontal Normal 1.000ms/ 0.000 § Cntr --------  =--=---
Trigger Mode Source Level Holdoff Slope Couplg Reject NoiseRej
AutoLvl Ch 1 312.5mv 200.0ns Pos DC Off Off

Display Mode: Normal

Cursors: tl=-4.180ms t2=-2.640ms ﬁi(l):0.000 v v2(1)=5.312 V

o,

4 ’ X -
qU# 4.15 uansgdryn e luaimidianguugil 23.0 arnadua
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1 5.00v - ~0.00s _ 1.00%/ £1 STOP
TN : : : :
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S TUUPTUURC FUVUUURIUN SY RO e LI g e b e ;
N : 13 :
) [ ; : : )
FERTUUI S [ EOURU SO Fe e e P
. [ : ;
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t1 = —.I.BOOms; 12 = —280.6us !A?: = l.éZOms 174t = 857 .2 Hz
State Volts/Div  Position Cplg BW Lim Inv  Probe
Chan 1 On 5.000 V -156.3mV DC Off Off 10:1
Chan 2 Off 100.0mV 0.000 V DC Off Off 1:1
Main Main Time Delayed Delayed
Mode Time/Div Delay Ref Time/Div Delay
Horizontal Normal 1.000ms/ 0.000 s cnty --------  ===--
Trigger Meode Source Level Holdoff Slope Couplg Reject NoiseRej

AutoLvl Ch 1

Display Mode: Normal

156.3mV

200.0ns Pos

DC - Off Off

Cursors:

tl1=-1.800ms

Vim

ooy

4 2
U 4.16 uamapldygrniediniusaidiangungll 23.5 avnitaidad

’ p2=-280.0us

V1(1)=0.000 V

v2(1)=5.312 V

- . e



57

-—i

t1 = 1.5680ms t.

2 = 3.060ms

At = 1.500ms

178t = BB6.7 Hz

State Volts/Div  Position Cplg BW Lim Inv  Probe
Chan 1 On 5.000 V -156.3mV DC Off Off 10:1
Chan 2 Off 100.0mV 0.000 V DC Off Off 1:1
Main Main Time Delayed Delayed
Mode Time/Div Delay Ref Time/Div Delay
Horizontal Normal . 1.000ms/ 80.00us cntr --------  =-===
Trigger Mode Source Level Holdoff Slope Couplg Reject NoiseRej
AutoLvl Ch 1 156.3mV 200.0ns Pos DC PEE Off
Display Mode: Normal
Cursors: tl=1.560ms t2=3.060ms V1(1)=0.000 V

e

V2(1)=5.312 V

] & X -
sU% 4.17 uanepldryryuzesinlusimdangom)ll 24.0 aeAngaiies



58

—80 .08 1.00%/ £1 STOP’

{1 = -1 380ms 12 = 0.000 5 Bt = 1.d80me  1/bt = B75.7 H=

State Volts/Div  Position Cplg BW Lim Inv  Probe

Chan 1 On 5.000 V -156.3mV DC Off Off 10:1
Chan 2 Off 100.0mV 0.000 V DC Off Off 1:1
Main Main Time Delayed Delayed
Mode Time/Div Delay Ref  Time/Div Delay
Horizontal Normal 1.000ms/ 80.00us Cntr. -------- EEEEE
Trigger Mode Source Level Holdoff Slope Gouplg Reject NoiseRe]

AutoLvl Ch 1 156 .3mV 200.0ns Pos DbC Off Off

Display Mode: Normal

Cursors: tl=-1.480ms £2=0.000 s Vl(l):0.000 v Vv2(1)=5.312 V

-

=l ) & -~
g7 4.18 wampldynnosesiuluamiiafgouunil 24.5 asaadea
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1 5.00V ~50.08  1.00%/ __f£1 STOP

FEE PR

: - : L A :
t1 = 0.000 s t2 = 1.460ms At = 1.480ms 1ot = 884.9 Hz

&
State Volts/Div  Position Cplg BW Lim Inv  Probe

Chan 1 On 5.000 V -156.3mV DC Off Off 10:1
Chan 2 Off 100.0mVv 0.000 V DC Off Off 1:1
Main Main Time Delayed Delayed
Mode Time/Div Delay Ref Time/Div Delay
Horizontal Normal 1.000ms/ 60.00us Cntr -~--=-----  ---==
Trigger Mode Source Level Holdoff Slope Couplg Reject NoiseRej

AutoLvl Ch 1 156.3mV 200.0ns Pos  DC - sOff Off

Display Mode: Normal

Cursors: t1=0-000 s. £2=1.460ms V1(1)=0.000 V v2(1)=5.312 V

e

-l P! -
51 4.19 wamgidryayrnaddnluamdaiguugl 25.0 asrgadaa
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{1 S.00v ;—eo;og., 1.00%/ f1 STOP
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t1 = 320.0us t2 = 1.780ms At = 1.440ms /78t = 594.4 Hz

State Volts/Div  Position Cplg BW Lim Inv  Probe
Chan 1 On 5.000 V -156.3mV DC Off Off  10:1
Chan 2 Off 100.0mV 0.000 V De Off . Off 1:1

Main Main Time Delayed Delayed
Mode Time/Div Delay Ref Time/Div Delay
Horizontal Normal 1.000ms/ 60.00us tnty -~-----=-  ~-----

Trigger Mode Source Level ' Holdoff Slope Couplg Reject NoiseRejJ
AutoLvl ¢Ch 1 156.3mV 200.0ns Pos - DC Off Off

Display Mode: Normal

Cursors: tl=320.0us t2=1.760m;s V1(1)=0.000 V v211)=5.312 V
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£1 STOP

2 = AT Taa0ms 18t = 594.4 A=
State Volts/Div  Position Cplg BW Lim Inv  Probe
Chan 1 On 5.000 V -156.3mV DC Off Off 10:1
Chan 2 Off 100.0mv 0.000 V DC Off OfE 1:1
Main Main Time Delayed Delayed
Mode Time/Div Delay Ref Time/Div Delay
Horizontal Normal 1.000ms/ 60.00us Cntr ~----=--  —-===

Trigger Mode Source Level

AutoLvl Ch 1 156.3mV
Display Mode: Normal
Cursors: tl1=320-.0us t2=1.760ms

Holdoff Slope
200.0ns

V1(1)=0.000 V

Couplg Reject NoiseRej

Pos DC Off Off

V2Sl)=5.312 \

U

=l a -
U 4.21 udnagUdrynrounestuluguianguugi 26.0 DIAIA T
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1 5.00V —B0.0% 1.00%/ £1 STOP ;
: ¥ o : P
e s L {
. : 1
R OO e i L . |
: : s ! :
Z : £ ' :
T S feee i T
: ? g L ;
O S S SO i L Ly
G e e — i o L ;
TT=0000 5 12 = 1.4%ms 4t = TaE0ms 16t = 7042 T -
State  Volts/Div Position  Cplg BW Lim Inv  Probe
Chan 1 On 5.000 V -156.3mV DC Off Off 10:1
Chan 2 Off 100.0mvV 0.000 V DC Off Off 1=1
Main Main’ Timeé Delayed Delayed
Mode Time/Div Delay Ref Time/Div Delay
Horizontal Normal 1.000ms/ 60.00us cnty -—---=-=-- ===-=
Trigger Mode Source Level Holdoff Slope Couplg Reject NoiseRej
AutoLvl Ch 1 156.3mV 200.0ns PoOS DC Off Off

Display Mode: Normal

Cursors:

t1=0.000 s

.

g

t2=1.420ms

V1i(1)=0.000 V

V2(1)=5.312 V

a7 .» 2 d
sUN 4.22 wanepldtygousesinliugimbaiguugil 26.5 asraades
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A g

t1 = -2.360ms tz2 = -960.0us A4t = 1.400ms /8t = 714.3 Hz

State Volts/Div  Position Cplg BW Lim Inv  Probe

Chan 1 On 5.000 V -156.3mV DC Off Off 10:1
Chan 2 Off 100.0mV 0.000 V DC Off Off 1:1
Main Main Time Deléyed Delayed
Mode Time/Div Delay Ref Time/Div Delay
Horizontal Normal 1.000ms/ 60.00us Cntr -s-=-=--%- --=--
Trigger Mode Source. Level Holdoff Slope Couplg Reject NoiseRe]
AutoLvl Ch 1 156 .3mV 200.0ns Pos DC Off Off

Display Mode: Normal

Cursors: tl=-2.360ms £2=-960.0us V1(1)=0.000 V V2(1)=5.312 V

o X d - -
31]7! 4.23 uﬂmgﬂﬁturmm‘um’fu‘fuﬂLﬂl.l_l'gm’qruvlqy 27.0 aAIA T
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ARNARAS AR AR i

t1 = -880.0us t2 = S20.0us

r : b p
At = 1.380ms /6t = 724.56 Hz

State Volts/Div  Position Cplg BW Lim Inv  Probe

Chan 1 On 5.000 V -156.3mV DC Off Off 10:1
Chan 2 Off 100.0mV 0.000 V DC Off Off Inel
Main Main Time Delayed Delayed
Mode Time/Div Delay Ref Time/Div Delay
Horizontal Normal 1.000ms/ 60.00us. cntr --------  -—-==-
Trigger Mode Source Level Holdoff Slope Couplg Reject NoiseRej
AutoLvl Ch 1 156.3mV 200.0ns Pos DC Off Off

Display ‘Mode: Normal
Cursors: tl=-860.0us t2=520.0us V1(1)=0.000 V V2(1)=5.312 V

L 4
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U7 4.24 uamepldryoyrnrestuluawdianguugll 27.5 avmiaaidaa
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1 5.00V ;—BOV.O‘g’ 1.002/ £1 STOP

@

]

. g L P .
|
I

] = 440.0us T2 = 920.0us Bt = 1.380ms /6t = 735.3 HZ

State Volts/Div  Position Cplg BW Lim Inv  Probe

Chan 1 On 5.000 V -156.3mV DC Off Off 10:1
Chan 2 Off 100.0mV 0.000 V DC Off Off 1:1
Main Main Time Delayed Delayed
Mode Time/Div Delay Ref Time/Div Delay
Horizontal Normal 1.000ms/ 60.00us Cntr -------- = -----
Trigger Mode Source Level Holdoff Slope Couplg Reject NoiseRej

AutoLvl Ch 1 156.3mVv  200.0ns Pos DC Off Off
Display Mode: Normal -

Cursors: tl=-440.0us t2=920.0us - V1(1)=0.000 V v2(1)=5.312 V

= g -
sl 4.25 uamepdrynyrasrasinluamidanguugll 28.0 ssradaa
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t2 = 2.660ms at = 1.340ms /8t = 746.3 Hz

State Volts/Div  Position Cplg BW Lim Inv  Probe
.Chan 1 On 5.000 V -156.3mV DC. Off Off 10:1
Chan 2 Off 100.0mV 0.000 V DC Off Off o 1
Main = Main Time Delayed Delayed
Mode Time/Div Delay Ref Time/Div Delay
Horizontal Normal 1.000ms/ 60.00us Cntr/ [-====-=-o ¢ g
Trigger Mode Source Level Holdoff Slope Couplg :Reject NoiseRej
AutoLvl Ch 1 156.3mV 200.0ns - Pos DC Off Off -
Display Mode: Normal T i
Cursors: tl=1.320ms £2=2.660ms V1(1)=0.000 V V2(1)=5.312 V

-

<l A o -
g1 4.26 wamagLdyqnunadiuluamdanguugil 285 avdnaades -
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]
H . M : : G E : :
t1 = 3.100ms t2 = 4.420ms at = 1.320ms 176t = 757.6

State Volts/Div  Position Cplg BW Lim Inv  Probe

Chan 1 On 5.000 V -156.3mV DC Off Off 10:1
Chan 2 Off 100.0mVv 0.000 V DC Off Off 1:1
Main Main Time Delayed Delayed
Mode Time/Div Delay Ref Time/Div Delay
Horizontal Normal 1.000ms/ 60.00us Cntr --------  ~----
Trigger Mode Source Level Holdoff Slope Couplg Reject NoiseRej

AutoLvl Ch 1 156.3mV  200.0ns Pos DC Off Off

-

Display Mode: Normal

-Cursors: tl=3:100ms t2=4.420ms NV1(1)=0.000 V V2?l)=5.312 v

-

- T 2 od - -
g% 4.27 uapapldrygroseestiluamdaiguugil 29.0 esruaadas -
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1 5.00v —50.0¥ 1.00%/ £1 STOP

—_— e~ —

t1 = -560.0us t2 = 740.0us At = 1.200ms /86t = 769.2 Hz

State Volts/Div  Position Cplg BW Lim Inv  Probe

Chan 1 On 5.000 V ~156.3mV DC Off Off 10:1
Chan 2 Off 100.0mVv 0.000 V LC Off Off 1:1
Main - Main Time Delayed Delayed
Mode Time/Div Delay Ref Time/Div Delay
Horizontal Normal 1.000ms/ 60.00us Cntr ----~---  -==--=-
‘Trigger Mode Source Level Holdoff Slope Couplg Reject NoiseRej
- T AutoLvl Ch 1 156.3fav.  200.0ns _Pos DC Off Off

Display Mode: Normal

Curgors: tl=-560.0us £2=740.0us . V1(1)=0,000 V v2(1)=5.312 V

e .
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5.00V 60 .0 1.00%/ £1 STOP

1
o . ’ .
- L o L = : \ ; §
t1 = -2.340ms  t2 = -1.060ms ALt = {.280ms trot = 731.2 Hz

State Volts/Div Position Cplg BW Lim Inv Probe
Chan 1 On 5.000 V -156.3mV DC Off Off 10:1
Chan 2 Off 100.0mVv 0.000 Vv DC Off Oﬁf 1:1
Main Main Time Delayed Delayed
Mode Time/Div Delay Ref Time/Div Delay
Horizontal Normal 1.000ms/ 60.00us cnty --<-----  —-==-=-
Trigger Modé Source Level Holdoff Slope Couplg Reject NoiseRej
AutoLvl Ch 1 156.3mV 200.0ns Pos DC Off Qff

Display Mode: Normal
Cursors: tl=-2.340ms t2=-1.060ms V1(1)=0.000 V V2(1)=5.312 V

v~

o>
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A9 4.1 HANIMAGRINTIRANR MR

16.0 1.88 15 EB

16.5 1.86 18 E8
17.0 1.84 1C E4
17.5 1.82 1F E1
18.0 1.80 22 DE
18.5 1.76 24 DC
19.0 174 27 ' D9
19.5 1.70 2A D6
20.0 1.66 oF D2
20.5 1,64 32 CE
21.0 1.62 35 cB
215 1.60 38 cs
22.0 1.58 3A c6
205 1.56 3D c3
23.0 1.54 3F C1
23.5 1,52 41 BF
24.0 1.50 43 BD
24.5 1.48 45 BB
25.0 1.46 47 B9
25.5 1.45 49 B7
26.0 1.44 4B B5
26.5 1.42 4D B3
27.0 1.40 50 BO
7.5 1.38 52 AE
28.0 1.36 54 AC
28.5 1.34 56 AA
29.0 1.32 58 A8
29.5 1.30 5A A6
30.0 1.28 5C A4
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as «
4.2 NN m'a'aasm'{a:gaf-nnmsm ﬂQUF}Ni‘SﬂZ‘lﬂ’ﬁ

qﬂnsnﬁﬁ’l«z’i’lumswmm
1. Control uasm

2. Oscilloscope

3. wiramuanseslng

&
AUABUNITNAREY

1. eaadalaalaninpldyanadu Control uain fin 11(INFAR P31) Fadurd
FudryaruandafugunTsn

2, nmJ‘umd’tury'\mmmﬁ‘i"mmugmzﬂz‘lna'lﬂs]'QéTq?ué’ryrmrw‘auﬂﬂL?m

3. ﬁuw'gﬂ'&”rymwmﬁdﬁu‘lo’w’mnmﬁﬂaﬂﬂu

4. vmmeaasainda 1-3 'lﬁmunnﬂummm?mmuam:ﬂ:‘lna
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t! = -19.10ms t2 = 3.400ms

lrat = 44.44 Hz

-
o+
0
g
E
i}

State Volts/Div  Position Cplg BW Lim Inv  Probe

Chan 1 On 2.260 V -312.5mV DC Off Off 10:1
Chan 2 Off 100.0mV 0.000 V DC Off Off 1:1
Main Main Time Delayed Delayed
Mode Time/Div Delay Ref  Time/Div Delay
Horizontal Normal 5.000ms/ 0.000 s. Cntr --------  ----- )
Trigger Mode Source Level Holdoff Slope Couplg Reject NoiseRej
AutoLvl Ch 1 3.713 V 200.0ns Pos DC Off Off

Display Mode: Normal

Cursors:

1=-19.10ms t2=3.400ms V1(1)=0.000 V vV2(1)=5.108 V

o r
qUN 4.30 wansgtldtynnirensiaspsupnssazings- MODE
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: ¢ ITE d
= 22.60ms 178t = 44.25 Hz

ol

13 .60ms

tl = -9.000ms 12 =

-

State Volts/Div  Position Cplg BW Lim Inv  Probe
Chan 1 Qn 2.260 V -312.5mV DC Off Off 10:1
Chan 2 Off. 100.0mV 0.000 V DC Off Off 1:1
Main Main- Time Delayed Delayed
Mode Time/Div Delay Ref Time/Div Delay
Horizontal Normal 5.000ms/ 0.000 s cntr --------  -----
Trigger Mode Source Level Holdoff Slope Couplg Reject NoiseRej
AutoLvl Ch 1 3.713 Vv 200.0ns Pos DC Off Off
Display Mode: Normal )|
Cursors: tl=-9.000ms t2=13.60ms ¥1(1)=0.000 V -V2(1)=5.108"V
7.
- ) i \ -
sUiT 4.31 uandpdtygnoureaatesmaugnesarinan  FAN
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{1 2.26Y . . +0.00s
- . . ! .

H'"‘“"‘"I""‘"“""I'"""""'"

5,007/

t! = -15.70ms  t2 = 7.500ms

State Volts/Div Positi

g
o+
il
N
[&]
2]
(o]
3
@

on Cplg BW Lim Inv Probe

Chan 1 On 2.260 V -312.5mV DC Off Off 10:1
Chan 2 Off 100.0mV 0.000 V DC Off Off 1:1
Main Main Time Delayed Delayed
Mode Time/Div Delay Ref Time/Div Delay
Horizontal Normal 5.000ms/ 0.000 s Cnty ~=-=====  —-==-
Trigger Mode Source Level Holdoff Slope Couplg Reject NoiseRej
AutoLvl Ch 1 3.713 V 200.0ns Pos DC Off Off
Display Mode: Normal :
Cursors: tl=-15.70ms £2=7.500ms V1(1)=0.000 V v2(1)=5.108 V
P 4 -
b3
R i
- 4 -
gUN 4.32 uangUdtygyanirearsasmunurtarinan POWER
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1 2.28v —0.008  '5.00%/ £1 BOE
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11 = -4.800ms t2 = 17.70ms &t = 22.50ms 1/78% = 44.44 H=

State Volts/Div Positi
Chan 1 On 2.260 V -312.5
Chan 2 Off 100.0mv 0.000

Main
Mode Time/Div
Horizontal Normal 5.000ms/

Trigger Mode Source Level
AutoLvl Ch 1 3.713 V

Display Mode: Normal

Cursors: tl=-4.800ms £2=17.70ms

on’ Cplg BW Lim Inv Probe

mv DC Off Off 10:1

v DC Off Off 1:1

Main Time Delayed Delayed

Delay Ref Time/Div Delay

0.000 s cntr --==~----  ~----
Holdoff Slope Couplg Reject NoiseRe]
200..0ns Pos DC Off Off

V1(1)=0.000 V V2(1)=5.108 V

Ul 4.33 ianagUldyanisadiatesaunuartirinay SLEEP
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st = 483.31 Hz

1= S T000ms %2 = 17.70ms At = 20.70ms
State Volts/Div Pdsition Cplg BW Lim Inv Probe
Chan 1 On 2.260 V -312.5mV DC Off Off 10:1
Chan 2 Off 100.0mV 0.000 V DC Off Off 1:1
Main Main Time Delayed Delayed
Mcde Time/Div Delay Ref Time/Div Delay
Horizontal Normal 5.000ms/ 0.000 s cnty --=-===---  ==---
Trigger Mode Source Level Holdoff Slope Couplg Reject NoiseRej
’ AutoLvl Ch 1 3.713 V 200.0ns Pos DC Off Off ’
Display Mode: Normal-
Cursors: tl=-3.000ms t2=17.70ms V1i(1)=0.000 V v2(1)=5.108 V

2el)
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State Volts/Div Positi

Chan 1 On 2.260 V -312.5
Chan 2 Off 100.0mv 0.000
. Main
Mode Time/Div
Horizontal Normal 5.000ms/

Trigger Mode Source Level
. AutoLvl Ch 1 3.713 V

Display Mode: Normal

Cursors: t1=—31106ms £2=17.70ms

t1 = -3.100ms t2 = 17.70ms At = 20.80ms lrot

Couplg Reject NoiseRej

on Cplg BW Lim Inv P
mv DC Off Off 1
v DC Off Off . 1
Main Time Delayed
Delay Ref  Time/Diy
0.000 s Cntyr =--------
Holdoff Slope

200.0ns Pos DC

V1(1)=0.000 V v2,(

robe
0:1
:1

Delayed
Delay

Off Off

1)=5.108 V

o o :
- gUn 4.35 uamgUdygnsesaatesaoupussesinalu TEMP -
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peoth }

? B f- )
22.20ms 178t = 45.05 Hz

o+
1}

tl = -1.400ms t2 = 20.80m3 [4)

State Volts/Div Position Cplg BW Lim Inv Probe

Chan 1 On 2.260 V -312.5mV DC Off Off 10:1
Chan 2 Qﬁf 100.0mV 0.000 V DC Off Off 1:1
Main Main Time Delayed Delayed
Mode Time/Div Delay Ref  Time/Div Delay
Horizontal Normal 5.000ms/ 0.000 s cntr --------  -----
Trigger Mode Source Level Holdoff Slope Couplg Reject _NoiseRej
AutoLvl Ch 1 3.713 V. 200.0n§ Pos DC Off Off
Display Mode: Normal

Cursors: 'tl=-1.400ms t2=20.80ms V1(1)=0.000 V V2{1)=5.108 V

e
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i 2.28v, £0.00s 5.00%/ £1 BL3E
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TT = —5.800ms 12 = I1.50ms &t = Z1.60ms AT = 4650 =
State Volts/Div  Pgsition Cplg BW Lim Inv  Probe
Chan 1 On 2.260 V -312.5mVv DC Off Off 10:1
Chan 2 Off 100.0mV 0.000 V DC Off Off 1:1
Main Main Time Delayed Delayed
Mode Time/Div Delay Ref Time/Div Delay
Horizontal WNormal 5.000ms/ 0.000 s cntr --------  -=---
Trigger Mode Source Level Holdoff Slope Couplg Reject NoiseRej
AutoLvl Ch 1 3.713 VvV 200.0ns Pos DC Off Off
Display Mode: Normal
Cursors: tl=-9.800ms t2=11.80ms V1(1)=0.000 V vV2(1)=5.108"V
| .
~ o - o A&
sUN 4.37 uampldtygnorsaaTaipunsseslnaln + -
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1 2.26Y +—0.00s 5.00%/ P XM STORE]
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T T Soms T2 = 9.300ms 41 = 2T.60me V&t = 46.50 1=
State Volts/Div  Position Cplg BW Lim Inv  Probe
Chan 1 On 2.260 V -312.5mV DC Off Off 10:1
Chan 2 Off 100 ..0mV 0.000 V DC Off Off 1:1
Main Main Time: Delayed Delayed
Mode Time/Div Delay Ref  Time/Div ‘Delay
Horizontal Normal 5.000ms/ 0.000 s Cntr --------  --=---
Trigger Mode Source Level Holdoff Slope Couplg Reject NoiseRej
AutoLvl Ch 1 3.713 V 200.0ns Pos DC Off Off

Display Mode: Normal

Cursors: tl=-12.30ms t2=9.300ms V1(1)=0.000 V V2(1)=5.108"V
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i

tl = ~17.40ms  t2 = 5.000ms At = 22.40ms /76t = 44,84 Hz

State Volts/Div  Position Cplg BW Lim Inv  Probe

Chan 1 On ‘2.260 V -312.5mV DC Off Off 10:1
Chan 2 Off 100.0mVv" 0.000 V DC Off Off 1:1
Main Main Time Delayed Delayed
Mode Time/Div Delay . Ref Time/Div Delay
Horizontal Normal 5.000ms/ 0.000 s LOntr ----=-=--  -==---
Trigger Mode Source Level Holdoff Slope Couplg Reject NoiseRej
) AutoLvl gh 1 3.713 V 200.0ns POS DC Off Off

* .

Display Mode: Normal b

Cursors: tl=-17.40ms t2=5.000ms V1(1)=0.000 V V2(1)=5.108 V

g1l 4.39 uﬂmgﬂd’fgtqummm‘%':mmum,m:ﬂ:“lnaﬂu FEEL COOL
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1ot = 44.44 Hz

ti = -14.10ms t2 = 8.400ms

State Volts/Div Position Cplg BW Lim Inv Proke

Chan 1 On 2.260 V -312.5mV DC Off Off 10:1
Chan 2 Off 100.0mv - 0.0G0 V DC Off Off 1:1
Main Main Time Delayed Delayed
Mode Time/Div Delay Ref  Time/Div’ Delay
Horizontal Normal 5.000ms/ 0.000 s Cntr -----=--  -—=---
Trigger Mode Source Level Holdoff Slope Couplg Rejeét NoiseRej
AutoLvl Ch 1 3.713 V 200.0ns Pos DC Off Off

Display Mode: Normal

Cursors: tl=-14.10ms £2=8.400ms V1(1)=0.000 V V2{(1)=5.108 V
+

gUR 4.40 wsmpldrygrureuaTavuAustezinadn  FEEL WARM
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~0.00s _ 5.00%/
£ 0.005 _ 5.00%/
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P 1 : : i
T= 7 300w 12 = 15.20ms &t = =5 Soms /At = 44,44 T2
State Volts/Div  Position Cplg BW Lim Inv  Probe
Chan 1 On 2.260 V -312.5mV pC Off Qff 10:1
Chan 2 Off 100.0mvV 0.000 V DC Off Off 1:1
g
Main Main Time Delayed Delayed i
Mode Time/Div Delay Ref Time/Div Delay
Horizontal Normal 5.000ms/ 0.Q00 s cnty ----=-=---  —=-=-
Trigger Mode Source Level Holdoff Slope Couplg Reject NoiseRej
AutoLvl Ch 1 383.1mV 200.0ns Pos DC Off . Off 4
- §
Display Mode: Normal
Cursors: tl=-7.300ms t2=15.20ms :V;(l)=0.000 v V2(1)=5.108 V
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4.3 NSNAARINISITaU EEPROM tuad 93C46
'qﬂnstﬁv“l'l-:'s’lumemam

1. Control Uafa

2. Oscilloscope

3. 1

4. maflulimaf

5. m"s’mmuqmza:’lna

6. gaudnNagUUniuaciaiuduniI

TURBUNTNARDY

1. dassdalaalninfian 28 (DVDO P24) uaxan 6 (SK POS) 194 IC Z86E30 T
Control U8

2. nmﬂn%«qmmﬁmnLﬂ‘:rjmmuqm:ﬂ:‘lna'lﬁ‘lﬁ 21 ;Antadeas

3. AuipUdtyoyrouiilfanassdalaalay
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1 S5.00vV_ 2 5.00V —0Q.00s S.00%/ Autbf1l BELE
........ EEUUURUE SV PO SUDPURUUUE UUUUUUPUS AOUUUUE FORIRE SURPPRTS FTPPPOPRS PRPPIRN

HM”] ......... ......... ....... |

S “HI_IU.

State Volts/Div  Position Cplg BW Lim Inv

Chan 1 On 5.000 V 5.000 VvV DC Off£ Off
Chan 2 On . 5.000 V -10.00 V DC Off Off
Main Main Time Delayed

Mode Time/Div Delay Ref  Time/Div
Horizontal Normal 5.000ms/ 0.000 s Cntr --------
Trigger Mode Source Level Holdoff Slope Couplg Reject NoiseRe]

AutoLvl Ch 1 156 .3mV 200.0ns Pos DC
‘Display Mode: Norfnal
A [] -
sUN 4.42 uamapldtyoyrnuid@euas EEPROM

_hhhhphhhhjhhh“yh“hh:hrhh
. e OV fooreneens Terrreans
o ... H ISP ;
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j#***¥**4+ PROGRAM FOR AIR CONTROLLER BY REMOTE ****##
i  CPU ZB6E30 *
; BY KMITL *
’-*******i***************************t*******************
H
HOF "INT8" ; INTEL OUTPUT FORMAT
CPU "Z8.TBL" ;CPU TABLE

’.t**********************************************

;THE FOLLOWING IS A LIST OF 28 REGISTER NAMES
;WITH THEIR CORRESPONDING ADRESSES.

SPL: EQU 255 ; STACK POINTER LOW |
SPH: EQU 254 ;STACK POINTER HIGH

RP: EQU 253 ;REGISTER POINTER .
FLAGS: EQU 252 ;PROGRAM CONTROL FLAGS 1
IMR: EQU 251 ; INTERRUPT MASK REGISTER
IRQ: EQU 250 ; INTERRUPT REQUEST REGISTER
IPR: EQU 249 j INTERRUPT PRIORITY REGISTER
PO1M: EQU 248 ;PORTS 0-1 MODE

P3M: EQU 247 ;PORT 3 MODE H
P2M: EQU 246 ;PORT 2 MODE i
PREO: EQU 245 ;TO PRESCALER LOAD

TO: EQU 244 ; TIMER/COUNTER 0 LOAD \
PRE1: EQU 243 ;T1 PRESCALER LOAD :
T1: EQU 242 ; TIMER/COUNTER 1 LOAD

TMR: EQU 241 ;TIMER MODE REGISTER i
SI0: EQU 240 ;SERIAL I/0

R15: EQU 239 ;REGISTER !
R14: EQU 238 ;REGISTER i
R13: EQU 237 ;REGISTER

R12: EQU 236 ;REGISTER

R11: EQU 235 ;REGISTER

R10: EQU 234 ;REGISTER )
R9: EQU 233 ;REGISTER

R8: EQU 232 ;REGISTER

R7: EQU 231 ;REGISTER i
R6: EQU 230 ;REGISTER \
RS: EQU 229 ;REGISTER

R4: EQU 228 ;REGISTER ;
R3: EQU 227 ;REGISTER

R2: EQU 226 ;REGISTER |
R1: EQU 225 ;REGISTER !
RO: EQU 224 ;REGISTER i
P3: EQU 003 ;PORT 3 :
P2: EQU 002 ;PORT 2 :
P1l: EQU 001 ;PORT 1 '
PO: EQU 000 ;PORT 0

jHRRHkkkk* STOP CONSTANT VALUE *hwkkddkiedrs

t
HALT: EQU 7FH
STOP: EQU 6FH N
WDT: EQU SFH p
WDH: EQU 4FH !

;****&**** EEPROM ADDRESS de e e ek A e e e ok ok o ek ok ok



TEMP_ADD: EQU 02H ;
TCOM_ADD: EQU 03H . £
FAN_ADD: EQU 04H
STA_ADD: EQU 05H {
DISP_ADD: EQU 06H
SWEP_ADD: EQU 07H )

!

]
£

jRrkkkkkdtr DINS DESCRIDTOIN ¥ kiddsksssen

;P2.0 - INF P0.0 - A (16L8) P3.0 - TEMP (%55)
;P2.1 - NC P0O.1 - B P3.1 - AN1 DOWN
;P2.2 - NC P0.2 - C P3.2 - AN2 UP
;P2.3 - BUZZER P0.3 - D P3.3 ~ AN REF
;P2.4 - TRIG (555) P0.4 - COML (145) P3.4 - COMPRESSOR
;P2.5 - DI/DO (93C46) P0.5 - COM2 P3.5 - FAN HIGH
;P2.6 - CS P0.6 - COM3 P3.6 - FAN LO?
;P2.7 - SK P0.7 - SWEEP P3.7 - FAN MED
;********** PINS DESCRIPTOIN drdrdededd okl ok dkkkd %
;P2.0 - A P0.0 - CSO P3.0 - TEMP (%55)
;P2.1 - B P0.1 - CS1 P3.1 - INF
;P2.2 - C P0.2 - CS2 P3.2 - 3
;P2.3 - D P0.3 - TRIG (555) P3.3 - i
;P2.4 - DI/DO (93C46) P0.4 - COMP P3.4 - BUZZER!
;P2.5 - F3 P0.5 - F1 P3.5 -
;P2.6 - SWEEP P0.6 - SK  (93C46) P3.6 -
;P2.7 - F2 P0.7 - CS  (93C46) P3.7 - !
jk*%xkk%%* RAM AREA USE BY MAIN PROGRAM J
ORG 30H i
E
STATUS : DFS 1 iBIT 7 0=POWER OFF 1=POWER ON
;BIT 6 O0=TIMER OFF 1=TIME§ ON
;BIT 5 0=NORMAL 1=SLEEP
;BIT 4 O0=FAN MAN, 1=FAN §UT0
;BIT 3 O0=FEEL OFF 1=FEEL}ON
;BIT 2 O0=FAN 1=COOL
i
y
;BIT 1 O=compressor off 1fon
;BIT 0 O=checking l=temp %eady
g
DISP_STA: DFS 1 ;BIT 0 FAN DISPLAY
;BIT 1 TEMP COM DISPLAY
;BIT 2 FEEL WARM DISPLAY
;BIT 3 FEEL COOL DISPLAY !
;BIT 4 TIMER DISPLAY i
;BIT 5 SLEEP MODE SECTION:I
iBIT 6 SLEEP MODE SECTION;2
;BIT 7 blink display i
TEMP_SET: DFS 1 i i
TEMP_COM: DFS 1 ;compressor temp
FAN_SPEED: DFS 1 ; X
BUFDISE: DFS 4 ; s
COUNTRIG: DFS 1 ; f
DLYBLINK: DFS 1 ; s
SLEEP_MODE: DFS 1 ;
SWEEP: DFS 1 ;

[PPSR ST



BUFINF:
BUFKEY:
BUFKEY1:

FAN_GEAR:
TEMP:

TEMP_DISP1:
TEMP_DISP2:

CLOCK:
CLOCK1:
CLOCK2:
SEC:
MIN:
KEY_TIME:
TIME_MODE:
TIME_COM:
CLOCK_COM:
BNK_TIME:

SLEEP_TIME:

INF_TIME:
OFF_DISP:
TEMP_DIS:
CONT_ON:
CONT_OFF:
CONT_FAN:
WDT_BUFF:
WDT_BUFF1:
BUZ_ON:
BUZ_FEQ:

DFS
DFS
DFS

DFS
DFS
DFS
DFS

DFS
DFS
DFS
DFS
DFS
DFS
DFS
DFS
DFS
DFs
DFS
DFS
DFS
DFS
DFS
DFS
DFS
DFS
DFS
DFS
DFS

o

ifan gear

i

BB R

i

i

;SEC/32

i

; secound
;minite
:blink time

;timer mode

H R B R REBRRRERERPEBRRRPBRERBRBR@R

jkkkketnir TNTERRUPT VECTOR *k¥ddkddww

ORG

DFB
DFB
DFB
DFB
DFB
DFB

jroom tempurature

;compressor off time

[, e eem o a mad

. ——a wpinn

o

il i

o

i
0000H ‘

i
00, 0CH ;IRQ O !PORT 3 PIN P32
00,0CH ;IRQ 1 ‘PORT 3 PIN P33
00,0CH ;IRQ 2 =PORT 3 PIN P31
HIGH CHK TEMP,LOW CHK TEMP ;IRQ 3 :PORT 3 PIN P30
HIGH TIMER,LOW TIMER ;IRQ 4 TIMER/COUNTERO
00,0CH ;IRQ 5 1TIMER/COUNTER1

’-******************* RESET conditlon dkdedkkhkdkhhdkhhkdhdddhdkd

ORG

000CH

i

I

;#%*+w*4x% INITIALIZE PORT/TIMER AND START PROGRAM *#*#x*xwwk

INIT:

CLR
LD
SRP
LD
LD

LD
LD

LD

FLAGS ;clear flags H
SPL, #80H ;set stack at add. 6080h
#10H ;select REG. bankl j
IRQ,#00000000B ;IRQO rising time

PO1M, #00000100B

P2M, #00000000B
P3M,#00000001B

P2,#11101011B

;D2=1 internal stack
;D1,D0=00,PO=0utput,
;P2= 0-output,1-inpfit
;P3=digital input
;P2=pull up (DO)

i
]
;jclear port 2 '
|



INIT DEL1:
INIT_DEL2:

EEP_ERR:

INITL1:

INITL1_O:
INITL1_01:

WDT_IN:

INITL1 1:

LD
LD
LD
CLR

LD
LD
LD
DJINZ
DJNZ
DJINZ

PUSH
CALL
CALL

LD
LD
LD
LD
LD
CLR
CALL

LD

CALL
CALL
CALL
CALL
CALL
DJINZ

™

LD
Cp

POP
CLR
CLR
CLR
CLR
CLR
CLR

POP

CLR
CLR
CLR
CLR
CLR

CLR
CLR

P3,#11011111B
PO, #00111111B
IMR, #00011000B
BUZ_ON

R13, #3
R14,#0
R1S,#0
R15,$
R14,INIT DEL2
R13, INIT_DEL1

STATUS

WRITE_EN
READ_CODE
¢, INITL1

;clear port 3
;clear port 1
;INT=TO,T1
;buzzer off

;delay power on

i

;save status
;enable EEPROM
;read EEPROM

’

STATUS, #10010100B; INITL. EEPROM

TEMP_SET, #0AH

i

TEMP_COM, TEMP_SET;

FAN_SPEED, #00H
SWEEP, #00H
TIME_MODE
WRITE_CODE

C, INITL1

RO, #05H
BUZZER
DELAY
DELAY
DELAY
DELAY

RO, EEP_ERR

i
i
i

i

; EEPROM error

STATUS, #00001000B; check feel

NZ, INITL1 01

;feel mode

TEMP_COM, TEMP_SET;normal mode

WDT_BUFF, #3AH
Z,WDT_IN
CLOCK
DISP_STA
CLOCK

CLOCK1

CLOCK2
CLOCK_COM
TIME_MODE

i

;WDT INT.

[P —— -

- ——— o o——F

———t

;jcancle old status,

ijclear buffer

STATUS, #10010100B;new status

INITL1 1

STATUS

i

;use old status

STATUS, #11111100B; set status

COUNTRIG
BUFKEY
BUFKEY1
KEY_TIME
SLEEP_TIME

i
i
i
i

i

DISP_STA,#10010011B

OFF_DISP
TEMP_DIS

i

i

A Sy o ki ey i o s [ S———

- -



CLR CONT_ON ; 1

CLR CONT_OFF ; i
LD TIME_COM, #01H ;
EI

CALL READTEMP
CALL DELAY
CALL READTEMP
CALL DELAY
CALL READTEMP
CALL DELAY
CALL READTEMP ‘
i

g e tha R e

CALL DELAY
CALL READTEMP
CALL DELAY
CALL READTEMP
CALL DELAY
CALL READTEMP
CALL DELAY
CALL READTEMP
CALL DELAY

P

-

cp WDT_BUFF, #3AH :
JR Z,INITL1_2
LD WDT_BUFF, #3AH i
CALL BUZZER ,
i
INITL1_2: LD BUFDISP, #0BH ¢
LD BUFDISP+1, #0BH
CLR BUFDISP+2 .
i
EI g
™ STATUS, #10000000B H
JrR Z, INITL4 ]
INITL2: ™ STATUS, #00001000B |
JR Z, INITL3 ‘
CALL DISP_FEEL i
JR INITL3_1 .
INITL3: LD R11, TEMP g
CALL FIND_DISP
CALL DISP_TEMP 2'
INITL3 1: CALL SET_STATUS ;
- . :
INITLA4: LD PREO, #11001001B ;T0=modulo, pre0=64"
LD TO, #2 ;TO counter = 80 *
LD TMR, #00000011B ;enable count and ?.oad TO
LD CONT_FAN, #2 ; ¥
CALL DELAY1 i
CALL CHK_SWEEP ;
;************* MAIN PROGRAM ke de o ok o o ok o o o o o o o o o & o o {
i !
MAIN: DFB WDT !
™ P3,#00000010B ;check INF §
JR NZ,MAIN1 ;non INF active
LD COUNTRIG, #02H ; !
CALL INF_IN1 iread INF key
cp BUFKEY, #00H ;

i
|



JR NZ,KEY_ON 1
JR TIMER_CHK
{
MAIN1: CALL SCAN KEY . ;read switc? key
cp BUFKEY, #00H ;

JR NZ,KEY ON ;
’-***************** CHECK TIMER khkhkhkhkdkhdhdbhdhdbdhbdhbid !
TIMER_CHK: ™ STATUS, #01000000B ; {

JrR Z,MAIN ;TIMER OFF |

cp TIME MODE, #00H ;check timer

JR NZ,MAIN ;

AND STATUS, #10111111B ; ‘

Jp POWER_CHG ;

1
;***************** KEY INF ACTIVE de e W de et ok e e e e ok e ok e e ‘
KEY_ON: JR TIMER_KEY ;CHECK INPUT KEY

L
;**********t****** TIMER MODE KEY hkdkhhbhrdhhhhbdddd I

1

1
TIMER KEY: cp BUFKEY, #07H ;timer ON-OFF key

JR NZ, TIMER_UP ; !
TIMER_KEY1: CALL  TIMER_SET i i

™ STATUS, #01000000B ; 4

JR NZ, END_TIMER ; 1

Jp END_KEY2 ; 1

b
TIMER_ERR: Jp KEY_ERR ;
;*************i*** TIMER UP KEY ok de e e W ket ke ok ek Rk ek ok e ok |‘
TIMER UP: cp BUFKEY, #08H ;timer up'key

JR NZ, TIMER_DW ; |

™ STATUS, #01000000B ;timer set mode

JR Z,TIMER ERR :

cp TIME_MODE, #0FH ;max. 15 hour

JR 2, END_TIMER ; N

INC TIME_MODE ;

JR END_TIMER ;

;**iﬁ************* TIMER DOWN KEY %o o ok e o e o e ol o e e ke e ok i

TIMER _DW: CcP
JR
™
JR
Cp
JR
DEC

END_TIMER: LD
CALL

OR
LD
LD

BUFKEY, #09H
NZ, POWER_KEY
STATUS, #01000000B
Z, TIMER_ERR
TIME_MODE, #01H
%,END_TIMER
TIME_MODE

R6, TIME_MODE
HEX_BCD

DISP_STA, #01101100B
DISP_STA, #00010000B
BUFDISP,R7
BUFDISP+1,R6

;timer ddwn key
;check power status
;timer set mode
i
i
imin. 1 pour
; i
i
§
;set display
; 4

i



JP

;***************** POWER ON-OFF KEY de e de %k kg e g de ok ok de ke de e ke e

POWER_KEY: cp
JR
CALL

POWER_CHG: XOR
™
JR
LD
LD
CLR
CALL
OR
OR
AND
CALL
Jp

POWER _ON: CALL
CLR
OR
AND
™
JR
CLR

POWER_ON1: CALL
CALL
JP

POWER_ON2: LD

=

jrwkkxddr CHECK POWER STATUS FOR CHECK NEXT KEY

POWER_CHK: ™
' JR

JR
POWER_CHKL: CLR
ap

END_KEY1

BUFKEY, #03H

NZ, POWER_CHK
CLR_BLINK

STATUS, #10000000B
STATUS, #10000000B
NZ, POWER_ON
BUFDISP, #0BH
BUFDISP+1, #0BH
BUFDISP+2

COM_OFF
P2,#11100000B

PO, #00100000B
STATUS, #10011111B
WRITE_CODE
END_KEY2

CHK_SWEEP
TEMP_DIS

STATUS, #10000100B
STATUS, #10011100B
STATUS, #000010008
NZ, POWER_ON2
DISP_STA
SET_STATUS
WRITE_CODE
END_KEY2

BUFDISP, #0FH
BUFDISP+1, #00H
POWER_ON1

STATUS, #10000000B
Z, POWER_CHK1
F_C_KEY

BUFKEY

MAIN

ipower key
;power key Fctive

7

A i
! r
' ;
;jpower off key
;clear display

1
;compressor off

1
;fan off F2,F3,sweep

;fan off F

;clear timér and sleep

’ !

i

; I
i

’
jpower on

i

|
]
; i

;

Ak R AN R

PR R

ipower off

i s

;***************** COOL_FAN KEY e e W e e ke o ok ok e Wk ek

F_C_KEY: cp

999826556

FC_KEY1:

g

BUFKEY, #01H
NZ,FAN_KEY
STATUS, #11011111B
SLEEP_TIME
SLEEP_MODE, #0

DISP_STA,#10011111B

TEMP_COM, TEMP_SET
STATUS,#00001000B
NZ,FC_KEY1

DISP_STA, #00001100B

NZ, FC_KEY1
FC_KEY2

STATUS, #11110111B

DISP_STA, #01100000B

M i e e i

— g d—— .

;clear %eel mode



FC_KEY2:

CALL
LD
LD
CALL
CALL
CALL
CALL
CALL
JP

CALL
JR

CLR_BLINK
TEMP_COM, TEMP_SET
R11,TEMP
FIND_DISP
DISP_TEMP
SET_STATUS
WR_STA

WR_FEEL

END_KEY2

MODE_KEY
FC_KEY1

T
4

;set normal temp com

¥
|
i 3
i
;change fan or cool

i {
!

;*i*************** SET FAN SPEED k¥ dededddedhdddddddh

FAN_KEY:

FAN_KEY1:

’-*****I’*********** SLEEP MODE KEY I Je e g % e ok gk o ok v e de ok ok ek o

SLEEP_KEY:

SLEEP_OFF:

cp
JR
™
JR
CALL
AND
OR
Jp

CALL
CALL
CALL
CALL
JP

Cp
JR
™
JP
XOR
JR
LD
CLR

CALL
JP

CLR
AND
LD
CALL
Jp

BUFKEY, #02H
NZ, SLEEP_KEY
DISP_STA, #00000001B
NZ, FAN_KEY1
DISP_FAN

DISP_STA, #01101100B
DISP_STA, #00000001B
END_KEY1

SET_FAN
SET_STATUS
WR_STA
WR_FAN
END_KEY1

BUFKEY, #04H
NZ,FEEL_W

STATUS, #00000100B
Z,END_KEY2

STATUS, #00100000B
2, SLEEP_OFF
SLEEP_MODE, $#0
SLEEP_TIME
SET_STATUS
END_KEY2

SLEEP_TIME
DISP_STA, #10011111B
TEMP_COM, TEMP_SET
SET_STATUS

END_KEY2

- o

- e e sty 4 -l

-

i o

JEEERRERNANR*A*NN® PEEL WARM KEY ***ddhhdhkhhhhhhdhs

FEEL_W:

Ccp
JR
CALL
AND
OR
CALL
LD
AND
OR

BUFKEY, #0BH
NZ, FEEL_C
CLR_BLINK

STATUS, #11110111B
STATUS, #00000100B
SET_STATUS
TEMP_COM, #02H

DISP_STA, #11100000B
DISP_STA, #00000100B

e T

;set lo% temp



LD BUFDISP, #0FH i
LD BUFDISP+1, #0DH i .
JP END_KEY2 H

. % ke K
’***************** FEEL COOL KEY Whdkddhdhdkkhkddhhk

[

FEEL_C: cp BUFKEY, #0AH ;
JR NZ,O0K_KEY ;
CALL  CLR_BLINK ;
AND STATUS, #11110111B ;
LD TEMP_COM, #0FH iset high femp
AND DISP_STA, #11100000B ; '
OR DISP_STA,#00001000B ;
LD BUFDISP, #0FH ; }
LD BUFDISP+1, #0EH ;
CALL COM_OFF joff compressor
ap END_KEY2 ; :

l-********i******** FEEL OK KEY **%ddkdkkddhhhkhdrrh

OK_KEY: cp BUFKEY, #0CH !
JR NZ, CHK_FEEL f
™ DISP_STA,#00001100B |
Jr Z,0K_ERR
LD BUFDISP, #0FH f
LD BUFDISP+1, #00H i
OR STATUS, #00001000B !
LD TEMP_COM, TEMP !

CALL  WR_STA I
CALL  WR_FEEL
Jp END_KEY2

OK_ERR: Jp KEY_ERR

j*wkkkkds CHECK FEEL MODE FOR DISABLE KEY *#*##*#%x

e e

CHK_FEEL: ™ DISP_STA, #00001100B ;feel mbde
Jp NZ,KEY ERR 1

pHEXEKK R RA Ak Rk *k** D TEMP COM KEY **thkhhshhhhhkhhrhs 1

SET_COM_UP: cp BUFKEY, #05H ;
N2z, SET_COM_DWN
™ DISP_STA, #00000010B 4
NZ, SET_COM1 i
LD R11, TEMP_SET 1
LD TEMP_COM, TEMP_SET ;
CALL  DISP_TEMP i
AND DISP_STA,#11100000B i
OR DISP_STA, #00000010B ,
Jp END_KEY1 i
SET_COML: CALL coM_up §
CALL  WR_TEMP
CLR SLEEP_TIME !
AND DISP_STA, #10011111B !
Jp END_KEY1 }

jhRkrkkkhdkkhhhrdd DOWN TEMP COM KEY *hhwwddkhhnhdhhin



SET_COM_DWN: cp BUFKEY, #06H

JR NZ, SWEEP_KEY
™ DISP_STA, #00000010B '
JR NZ, SET_COM2 !
LD R11, TEMP_SET '
LD TEMP_COM, TEMP_SET
CALL DISP_TEMP
AND DISP_STA, #11100000B
OR DISP_STA, #00000010B :
JR END_KEY1

SET_COM2: CALL COM_DWN
CALL WR_TEMP '
CLR SLEEP_TIME
AND DISP_STA, #10011111B .
JR END_KEY1 ¢

jRkkKAI kKN k*kkhkkk QWEEP FAN ON OFF *hkkhbkdkhkhbhkrhnss

SWEEP_KEY: cp BUFKEY, #0DH '
JR NZ,KEY_ERR !
XOR P2,#01000000B |
™ P2,#01000000B §
JR 2, SWEEP_K1
LD SWEEP, #00H )
CALL  WR_SWEEP !
JR END_KEY2
+
SWEEP_K1: LD SWEEP, #0FFH |
CALL  WR_SWEEP }
JR END_KEY2 .
CHK_SWEEP: cp SWEEP, #00H )
JR NZ, CHK_SW1 i
OR P2,#01000000B i
RET i
]
CHK_SW1: LD SWEEP, #0FFH
AND P2,#10111111B
RET g

;*&ii*********'*'h* END OF SET KEY 1 de e e dede e W ok e ok de e ok ke ke ok ok

;SET BLINK DISPLAY

;SEND SOUND
END_KEY1: CALL  SET_BLINK ; |
END_KEY2: CALL  BUZZER ;

KEY_ERR: CLR BUFKEY ; ;

Jap MAIN i
{

jhRkdkkkhekkkwkkws* KEY INPUT CONTORL SUB. Mk ko ek ko
;KEY *
i

;******i******* KEY FAN cooL dededede ke hhdkkhdhdodd

MODE_KEY : XOR STATUS, #00000100B
™ STATUS, #00000100B
JR NZ, END_MODE1 A



™ STATUS, #00000010B

JR %, END_MODE
CALL  COM_OFF
END_MODE: RET
END_MODE1: RET

pHRKKNRKANENNNN KEY FAN SPEED **hhhkrhhkrrihs

SET_FAN: DEC FAN_SPEED
AND FAN_SPEED, #00000011B
cp FAN_SPEED, #00H
JR NZ, SET_FAN1
OR STATUS, #00010000B
JR. SET_FAN2

SET_FAN1: AND STATUS, #11101111B
LD FAN GEAR,FAN_SPEED
LD CONT_FAN, #3

SET_FAN2: CALL  DISP_FAN
CALL  CHK_FAN
RET

;************** CHANGE TEMP COMPRESSOR dhkdkhkhkdhhhkkdhd

coM_UP: INC TEMP_SET
AND TEMP_SET, #0FH
cP TEMP_SET, #00H
JR NZ,COM_KEY1
LD TEMP_SET, #01H
COM_KEY1: LD R11,TEMP_SET
CALL  DISP_TEMP
LD TEMP_COM, TEMP_SET
RET
;**************
COM_DWN': DEC TEMP_SET
AND TEMP_SET, #0FH
cp TEMP_SET, #00H
JR NZ, COM_KEY2
LD TEMP_SET, #0FH
COM_KEY2: LD R11, TEMP_SET
CALL  DISP_TEMP
LD TEMP_COM, TEMP_SET
RET

’-************** DISPLAY FAN MODE **%*%kdkdkhhkdkhhdhhdhir

DISP_FAN: LD BUFDISP, #0FH
cP FAN_SPEED, #00H
JR NZ,DISP_FAN1
LD BUFDISP+1, #0AH
RET
DISP_FAN1: LD BUFDISP+1, FAN_SPEED
RET

;****************** SET TIMER ON_OFF dekkhkhhdhdhkhd

- .

“ ek s



TIMER_SET: DFB WDT

A

XOR STATUS, #01000000B itogle key

™ STATUS, #01000000B ; i

JR Z,SET_OFF H *

CLR SEC ;set timer on

CLR MIN ;start sec.lmin.

LD TIME MODE, #06H ;setart timé at 6 hour

T™ STATUS, #10000000B ;check on-off status

JR NZ,SET_ON jpower on

OR BUFDISP+2,#00000100B ;set display time status

RET ; 1

{

SET_ON: CALL SET_STATUS ;jdisplay status

RET ; ’
SET_OFF: CLR TIME_MODE ;disable timer

AND DISP_STA, #11101111B i

CALL CLR_BLINK ;

TM STATUS, #10000000B ;jpower off |

JR NZ,SET_OFF2 0 t

LD BUFDISP, #0BH H ¢

LD BUFDISP+1, #0BH H

CLR BUFDISP+2 H 1
SET_OFF1: RET i .

1

SET_OFF2: T™ DISP_STA, #00001000B H

JR Z,SET_OFF4 ;
SET_OFF3: CALL  DISP_FEEL |

CALL SET_STATUS 1

RET [
SET_OFF4: T™ DISP_STA, #00000100B i

JR NZ,SET_OFF3

LD R11, TEMP A 1

CALL  FIND_DISP

CALL  DISP_TEMP

CALL  SET_STATUS :
RET

;*********i**** SET STATUS FOR DISPLAY e de d¢ de e e ke e Wk I e U e o e

SET_STATUS: LD R1S, #00H B
™ STATUS, #00000100B ;fan or cool
JR Z,SET_STAl ; 1
OR R15,#00010000B ;cool mode
JR SET_STA2 ;
SET_STAl: OR R15,#00000001B ;fan mode i
SET_STA2: T™ STATUS, #00010000B ;fan auto :
JR Z,SET_STA3 ;
OR R15,#00000010B ;s8et auto
SET_STA3: ™ STATUS, #00100000B ;1sleep }
JR Z,SET_STA4 i P
OR R1S5,#00001000B ;set sleep‘
SET_STA4: ™ STATUS, #01000000B ;timex 1
JR Z,END_SET ;

OR R15,#00000100B ;set timer



END_SET: ™ PO, #00010000B .
JR NZ,END_SET1
OR STATUS, #00000010B
OR R15,#00100000B '
END_SET1: AND BUFDISP+2,#11000000B ;
OR BUFDISP+2,R15 ; L
RET ;

jEA** Kk F e Rk * k% SET BLINK DISPLAY *k*skhdkhkdodkdhhdrthsn |

SET_BLINK: OR DISP_STA, #10000000B {
1D BNK_TIME, #6 !
RET

CLR_BLINK: AND DISP_STA,#01111111B
CLR BNK_TIME !
RET

jRkkdhkwkkkkkt® TRIG & READING TEMPURATURE **iddkdedshnhhss

READTEMP: DI
AND PO, #11110111B 7 H
NOP ;trig 555
OR P0,#00001000B i s
AND TMR, #11110011B
LD PRE1,#00100010B  ;Tl=single pass,ptrel=50
LD T, #00 ;T1 counter = 256
OR TMR, #00001100B ;enable count andiload Ty
AND STATUS, #11111110B ;count temp 1
EI
RET ;back

jRRRkRAKER AN N***x SET DISPLAY FEEL SYMBOL *¥*kkksdswihid

DISP_FEEL: DFB WDT
™ STATUS, $00001000B y
JR Z,DISP_F1 >
LD BUFDISP, #0FH ,
LD BUFDISP+1, #00H
RET 3

DISP_F1: ™ DISP_STA, #00000100B :
JR Z,DISP_F2 '
LD BUFDISP, #0FH
LD BUFDISP+1, #0DH \
RET 1

DISP_F2: LD BUFDISP, #0FH ¢
LD BUFDISP+1, #0EH '
RET

j¥**xkk*kkkkk** FIND DISPLAY TEMPURATURE ***kdkkdhdhhhhhddski
;USE R8,R9,R10,R4,R5,R6,R11 {

DISP_TEMP: DFB WDT
™ STATUS, #00001000B
JR NZ,DISP_FEEL
™ DISP_STA,#00001100B

JR Nz,DISP_FEEL



DISP_T1:

END_DP:

DISP_T2:

;*****'*I‘******

R11
R11

; INPUT
;0UT

FIND_DISP:

FIND_TENDL:

FIND_TEND2:

;****i***i*****

SCAN:
SCAN1:

ghhkkkdkkhhhhkk

SCAN_SEG1:

LD
LD

DJNZ
LD
LD
RET

INC
Ccp

INC
CLR
JR

TEMP_DISP1, #01H
TEMP_DISP2,#06H
R11, #0FH

R11,DISP_T2
BUFDISP, TEMP_DISP1
BUFDISP+1, TEMP_DISP2

TEMP_DISP2
TEMP_DISP2,#02H
NZ,DISP_T1
TEMP_DISP1
TEMP_DISP2
DISP_T1

FIND TEMP DISPLAY *%kdkkhddrii

o
7]
w

RET

LD

RET

WDT

STATUS, #00001000B
NZ,DISP_FEEL
DISP_STA, #00001100B
NZ,DISP_FEEL
R11,#00010000B

%, FIND_TEND2

R11, #0FH
BUFDISP+2,#01000000B
TEMP_DIS, #00H

Z, FIND_TEND2
TEMP_DIS,R11l

%, FIND_TEND1
TEMP_DIS
TEMP_DIS,R11

NZ, FIND_TEND1

R11

TEMP_DIS,R11

TEMP_DIS,R11
BUFDISP+2,#10111111B

SCAN DISPLAY *hhskhdhdddhdhddkn

PUSH
Ccp
JR

R1S
COUNTRIG, #03H
ULT, SCAN_LED

SCAN SEGMENT #**khhkkhththkhshs

™
JR
DEC
cp
Jp
™
JR

DISP_STA, #10000000B
Z,0UT_SEG

DLYBLINK

COUNTRIG, #05H

2, SCAN_SEG3
DLYBLINK, #00100000B
NZ, OUT_SEG

]
i

;scan segl Beg2
;comm 5,6 ip segment
1

;check blink
i {
i

i



OUT_SEG:

SCAN_SEG2:

SCAN_SEG3:

ghkkdkkkdddkkkhh

SCAN_LED:

SCAN_LED1:

SCAN LED2:

SCAN_LED3:

AND
OR
AND
OR
JdR

CP
JR
AND
OR
AND
OR
JR

Ccp
JR
AND
OR
AND
OR
JR

LD
AND
OR
POP
RET

SCAN LED #%khddkddkdhdrhdhhhrhhdhdd

OR
OR
AND

cp
JR
LD
CALL
LD
CALL
JR

CP
JR
LD
CALL
LD
CALL
JR

Cp
JR
LD
CALL
LD
CALL
JR

LD

P2,#11110000B
P2, #OBH

PO, #11111000B
PO, COUNTRIG
END_SCAN

COUNTRIG, #03H
NZ, SCAN_SEG2
P2,#11110000B
P2, BUFDISP+1
PO,#11111000B
PO, COUNTRIG
END_SCAN

COUNTRIG, #04H
NZ,SCAN_SEG3
P2,#11110000B
P2, BUFDISP
PO, #11111000B
PO, COUNTRIG
END SCAN

COUNTRIG, #00H
P2,#11110000B
P2, #0BH

R15

P2,#00001100B
PO, #00000111B
PO, #11111101B

COUNTRIG, #00H
NZ,SCAN_LED1
R15, #01000000B
SET_LED1
R15,#00001000B
SET_LED2
LED_COM

COUNTRIG, #01H
NZ,SCAN LED2
R15,#000001008
SET_LED1
R15,#00000010B
SET_LED2
LED_COM

COUNTRIG, #02H
NZ, SCAN_LED3
R15,#00010000B
SET_LED1

R15, #10000000B
SET_LED2
LED_COM

COUNTRIG, #00H
END_SCAN

~

jout segment 1st

i

H

;out segment 2nd

H i
H
i

i

]
i

;off led power

;0ff comm

;LED 1,LED

;LED 1 3
;set on of
;LED 4
;set on or

¢
;LED 2,LEp

JLED 2 1
;set on or
;LED 5
;set on or

;LED 3,LED

;LED 3
;set on or
;LED 6

;set on %r
f

;start led
;exit

off

off

off

off

off

off

coml



LED_COM:

END_SCAN::
END_SCAN1:

AND
OR

INC
POP
RET

P0,#11111000B
PO, COUNTRIG
COUNTRIG

R15

,-*'kt'k*********************************

SET_LED1:

LED_OFF:

SET_LED2:

;**************

SCAN_KEY:

KEY_SC:

555

EE

BUFDISP+2,R1S
Z,LED_OFF
P2,#11111011B

BUFDISP+2,R15
%,LED_OFF
P2, #11110111B

.

;blink powédr led
;jset off
;set on

i

SCAN KEYBORD #***kkkdddkhhdkhhdhhddhn

DFB
Ccp
JR
PUSH
PUSH
OR
NOP
OR
LD
LD
™
Jp
LD
T™
Jp

DEC

E326

™

LD
POP
POP
CLR
LD
RET

DFB
LD
POP
POP
CP
Jp

LD

WDT
COUNTRIG, #05H
NZ,KEY_SC1

PO

P2

PO, #00000111B

P2,#00001111B
P2M, #00000011B
R15,#06H
P2,#00000010B
Z,KEY_SC
R15, #01H
P2,#00000001B
%,KEY_SC

PO
R15, #02H
P2,4#00000010B
Z,KEY SC
R15, #03H
P2,#00000001B
Z,KEY_SC

P2M, #00000000B
P2

PO

BUFKEY1
COUNTRIG, #00H

WDT

P2M, #00000000B
P2

PO

BUFKEY1, #00H
NZ,KEY_SCl
BUFKEY1,R15
BUFKEY, R15

;KEY INPUT
;power key
ijpower key on
;mode key

;mode key on

;COMM 1
jtemp up ﬁey

]
;temp up ﬁey on
;temp down

; temp down key on



LD COUNTRIG, #00H

KEY_SC1: RET
¥
,.***********************************
HEX_BCD: CLR R7
HEX_BCD1: cp R6, #09H
JR LE,HEX_BCD2 !
SUB R6, #0RH
INC R7
HEX_BCD2: RET

jrR****** kxR *x CHECK COMPRESSOR ON-OFF **kkshhkiks

CHK_COM: DFB WDT .
™ STATUS, #10000000B ; POWER
JP Z,COM_EXIT
™ STATUS, #00000100B ;FAN OR COOL
Jp 2, CHK_OFF
™ STATUS, #00100000B ; SLEEP
Jp NZ, SLEEP_COM
NORMAL_COM: LD R7, TEMP {
AND R7, #0FH
cp R7,TEMP_COM
Jp UGT, CHK_ON
JR ULT, CHK_OFF ‘
LD R8, TEMP_COM
OR R8,#00010000B
cp RS, TEMP
JR %, CHK_OFF
JR COM_EXITO
CHK_OFF: cp TIME_COM, #00H
NZ,COM_EXIT
™ STATUS, #00000010B
Z,COM_EXITO
INC CONT_OFF :
cp CONT_OFF, #5
| JR NZ,COM_EXIT )
COM_OFF: DFB WDT i
AND BUFDISP+2,#11011111B |
AND STATUS, #11111101B ‘
cp TIME_COM, #00H
JR NZ,COM_OFF1
OR PO, #00010000B
CLR CLOCK_COM
LD TIME COM, #1
CLR CONT_ON
CLR CONT_OFF
COM_OFF1: RET
CHK_ON: DFB WDT .
cp TIME_COM, #00H :

NZ,COM_EXIT

™ STATUS, #00000010B
JR NZ,COM_EXIT

INC CONT_ON

cp CONT_ON, #10

JR NZ,COM_EXIT



COM_ON:

COM_EXITO:

COM_EXIT:

;**************

SLEEP_COM:
-

SLEEP_C1:

SLEEP_M1:

SLEEP_M2:

SLEEP_M21:

DFB WDT

cP TIME_COM, #00H

JR NZ,COM_EXIT

AND PO, #11101111B

OR STATUS, #00000010B
OR BUFDISP+2,#00100000B 1
CLR CLOCK_COM

LD TIME_COM, #1

CLR. CONT_ON

CLR CONT_OFF

RET

SLEEP COMPRESSOR *%*k#dkdkhshiddn

DFB WDT

cp SLEEP_MODE, #00H

JR NZ, SLEEP_M1

LD R7, TEMP !
AND R7, #0FH .
cp R7, TEMP_COM

ap UGT, CHK_ON ;TEMP > TEMP COMP
JR ULT, SLEEP_C1

™ TEMP, #00010000B

JR %,COM_EXITO

CLR SLEEP_TIME f
INC SLEEP_MODE

CALL  BUZZER

Jp CHK_OFF

DFB WDT |
cp SLEEP_MODE, #01H

JR NZ, SLEEP_M2 {
cp SLEEP_TIME, #30

JP ULT, NORMAL_COM

CLR SLEEP_TIME !
INC SLEEP_MODE

CALL BUZZER
CALL DELAY
CALL BUZZER

Jp COM_EXITO

DFB WDT

cp SLEEP_MODE, #02H

JR NZ, SLEEP_M3 !
cp SLEEP_TIME, #30 '
JR UGE, SLEEP_M21

LD R7, TEMP ]
AND R7, #OFH

cp R7, TEMP_COM

Jp ULE, CHK_OFF

LD R8, TEMP_COM

INC RS

cp R7,R8

Jp UGT, CHK_ON

™ TEMP, $00010000B

aJp Z,CHK_ON ,
JR COM_EXITO 1
DFB WDT



SLEEP_M3:

SLEEP_M31:

CLR
INC
CALL
CALL
CALL
CALL
CALL
Jp

DFB
CP

CLR
CLR

RET

DFB
LD
AND
LD
INC
Ccp
Jp
JP
™
Jp
Jp

SLEEP_TIME
SLEEP_MODE
BUZZER
DELAY
BUZZER
DELAY
BUZZER
COM_EXITO

WDT
SLEEP_MODE, #03H
%, SLEEP_M31
SLEEP_MODE
SLEEP_TIME
STATUS, #11011111B

WDT
R7, TEMP

R7, #0FH

RS, TEMP_COM

R8

R7,R8

ULT, CHK_OFF
UGT, CHK_ON
TEMP, #00010000B
NZ, CHK_OFF
COM_EXITO

jhEkkkkkkxhkxk*x CHECK FAN SPEED #****akrhhhhknn

CHK_FAN:

CHK_FANO:

NORMAL FAN:

CHK_F00:

CHK_FO01:

™
JR
RET
™
JR

™
JR

DFB
LD

CP

RERR

Cp
JP
JP

LD
INC

38238

STATUS, #10000000B
Nz, CHK_FANO

STATUS, #00010000B
Z,CHK_FAN1

STATUS, #00100000B
NZ, SLEEP_FAN

WDT
R7, TEMP

R7, #0FH

R7,TEMP_COM

ULT, FAN_SP1 ; TEMP
UGT, CHK_FO1 ; TEMP
TEMP, #00010000B ;0.5
NZ,FAN_SP1 ; TEMP

FAN_GEAR,#02H  ;FROM
Z,FAN_SP2 ;
FAN_SP1 ;

RS, TEMP_COM

R8

R8,R7

NZ, CHK_F02
TEMP, #00010000B
Z,FAN_SP2
CHK_F00

;FAN AUTO

< TEMP COMP
> TEMP COMP

TEMP COMP - 0.5
Sp2



CHK_F02: DFB WDT

INC R8
cp R8,R7
Jp Z,FAN_SP2
INC R8
cP R8,R7
Jp UGT, FAN_SP3
™ TEMP, #00010000B 1
Jp Z,FAN_SP3
cp FAN GEAR, #02H
Jp Z,FAN_SP2 .
Jp FAN_SP3
1
CHK_FAN1: DFB WDT
cp FAN SPEED, #01H
Jp Z,FAN_SP1
cp FAN SPEED, #02H
Jp Z,FAN_SP2
cp FAN_ SPEED, #03H L
Jp Z,FAN_SP3
OR STATUS, #00010000B
LD FAN_SPEED, #00H
Jp FAN SP1

. oo de ke ok de o
jR*kEIE AN kA kkk® SIEFEP FAN *hkwhkdihdun

SLEEP_FAN: DFB WDT
cp SLEEP_MODE, #01H
JR ULE, NORMAL_FAN
cp SLEEP_MODE, #02H
JR NZ,SLEEP_FAN1
LD R7, TEMP
AND R7, #0FH
cp R7, TEMP_COM
Jp ULE, FAN_SP1
LD R8, TEMP_COM
INC R8
cp R8,R7
JR ULT, SLEEP_F1
cp FAN_GEAR, #02H
Jp Z,FAN_SP2
Jp FAN_SP1

SLEEP_F1: DFB WDT
INC R8
cp R8,R7
ap Z,FAN_SP2
INC RS '
cp R8,R7 .
Jp ULT, FAN_SP3
T™ TEMP, #00010000B
Jp 2,FAN_SP3
cp FAN_GEAR, #02H
Jp Z,FAN_SP2
Jp FAN_SP3

SLEEP_FAN1: DFB WDT
LD R7, TEMP
AND R7, #0FH

LD R8, TEMP_COM



CHK_A00:

CHK_A01:

CHK_A02:

:**************

FAN_SP1:

FAN SP11:

FAN_SP12:

FAN_SP2:

FAN_SP21:

INC
cp
JP

™
JP
CP
Jp
JP

INC
CcpP

™
JP

DFB
INC
CP
Jp
INC
CP
JP

JP

Ccp

Jp

JP

OUT FAN

Cp

Ccp

INC
RET

LD
CLR
RET

OR
OR

LD

LD

RET

cp

[od 4

INC
RET

LD
CLR
RET

R8

R7,R8

ULT, FAN_SP1
UGT, CHK_AO1

TEMP, #00010000B

NZ,FAN_SP1l

FAN GEAR, #02H

Z,FAN_SP2
FAN_SP1

R8
R8,R7
NZ, CHK_A02

TEMP, #00010000B

Z,FAN_SP2
CHK_A00

WDT

RS

R8,R7
Z,FAN_Sp2
R8

R8,R7

UGT, FAN_SP3

TEMP, #00010000B

Z,FAN_SP3

FAN_GEAR, #02H

%,FAN_SP2
FAN_SP3

SPEED *%#kkkkhhkhkdk

FAN_GEAR, #1
NZ,FAN SP11
CONT_FAN, #3
%,FAN_SP12
CONT_FAN

FAN_GEAR, #1
CONT_FAN

P2,#10100000B
PO, #00100000B
P2,#01111111B

FAN_GEAR, #1
CONT_FAN, #3

FAN_GERAR, #2
NZ,FAN_SP21
CONT_FAN, #3
%,FAN_SP22
CONT_FAN

FAN_GEAR, #2
CONT_FAN

< TEMP COMP
> TEMP COMP

TEMP COMP - 0.5
Sp2



FAN SP22:

FAN SP3:

FAN SP31:

FAN SP32:

jr¥*wxskxxx INTERUPT FOR

INF_IN1:

INFIN1_ 1:

DFB

INFIN1_2:

INF_INA:
INF_INB:

INF_INC:

DFB

OR

LD
LD
RET

CP

CP

INC
RET

CLR
RET

OR
OR
AND
LD
LD
RET

PUSH
SRP
CP
JR
Lb
™
JR
WDT
DJINZ
JR

CALL
JR
LD
AND
LD
LD
LD
™
JR
WDT
DJNZ
DJINZ
JR

CALL
JR
AND
Ccp
JR
Cp
JR

P2,#10100000B
PO, #00100000B
P2,#11011111B
FAN_GEAR, #2
CONT_FAN, #3

FAN_GEAR, #3
NZ,FAN_SP31
CONT_FAN, #3
2,FAN_SP32

CONT_FAN

FAN_GEAR, #3
CONT_FAN

P2, #10100000B
PO, #00100000B
PO, #11011111B
FAN_GEAR, #3
CONT_FAN, #3

MARK START READ INF *¥*¥%kkkdx

RP

#20H

BUFKEY, #00H
NZ, INPUT_ERR1
R9, #0
P3,#000000108
z, INFIN1 2

R9,INFIN1 1
INPUT_ERR1

READ_INF
¢, INPUT_ERR1
BUFINF+2, BUFINF
BUFINF+2,#01111111B
BUFINF+3, BUFINF+1
R9, #20H

R10, #0H
P3,#00000010B

%, INF_INC

R10, INF_INB
R9,INF_INA
INPUT_ERR1

READ_INF
C, INPUT_ERR1
BUFINF, #01111111B
BUFINF+2, BUFINF
NZ, INPUT_ERR1
BUFINF+3, BUFINF+1
NZ, INPUT ERR1

;save reg. ‘pointer
;inf use reg. bank
;key not clear

i

i

i

~

~



INF_END1:

INPUT_ERR1:

INF_END11:

CP

CALL
POP
RET

POP
RET

Cp
JR
CALL
POP
RET

BUFINF, #0EH ;
NZ, INF_END11 ;
CON_INF1 ;
RP ;

RP i

BUFINF, #0FH i
NZ, INPUT_ERR1 H
CON_INF1 i
RP

pRERK KKK AKNk ke ex READ) INFARADE **khhkhhhhhhhhhhnhbnnn

;USE R9,R10,R11

READ_INF:
READ_INF1:
READ_INF2:

DFB

INF_ERR:

READ 21:
READ 22:

DFB

READ_INF3:

READ_INF4:

DFB

READ_INFS5:

SETBIT:

CLRBIT:

READ_INF6:

936

cp

SCF
RET

R11

INF_TIME, #0FFH
P3,#00000010B
NZ,READ_INF3

INF_TIME, #00H
NZ,READ_INF2

; ERROR

R12, %3
P3,#00000010B
%,READ_INF2

R12,READ 22

R9,INF_TIME
INF_TIME, #0FFH
P3,#00000010B
Z,READ INF5

INF_TIME, #00H
NZ,READ_INF4
R11, #0BH

NZ, INF_ERR
R9, #0F8H

C, SETBIT
CLRBIT

R10, INF_TIME
R9,R10
UGT, CLRBIT

BUFINF+1
BUFINF
READ_INF6

BUFINF+1
BUFINF
R1l1l



DELAY OFF:

DELAY 02:

cp

RCF
RET

™
JR

RET

R11, #0CH
NZ,READ_INF1
BUFINF, #0FH

P3,#00000010B
Z,DELAY_O2

j****xwsxs INTERUPT TIMER FOR SCAN DISPLAY ***#**ssu

TIMER:

TIMEROO:
TIMERO1:

ON_SCAN1:

ON_SCAN:

CLOCK_EXIT:

TIMER1:

TIMERL 1:

TIMER1_2:

DEC
INC
cp
JR
CLR
cp
JR
XOR
INC
CP

IRET

CLR
PUSH
SRP
CALL
INC
CP

POP
IRET

CALL
CLR
INC
CP

CLR

XOR

™

LD
CALL

EEE RN

INF_TIME
BUZ_FEQ
BUZ_FEQ, #2
ULT, TIMEROO
BUZ_FEQ
BUZ_ON, #00H
2, TIMER0O
P3,#00010000B
CLOCK

CLOCK, #20
Z,0N_SCAN1

CLOCK

RP

#00H

SCAN
CLOCK1
CLOCK1, #250
Z, TIMER1
RP

READTEMP
CLOCK1

CLOCK2
CLOCK2, #02
NZ, CLOCK_EXIT
CLOCK2

BUFDISP+2,#10000000B

; BUZZER

STATUS, #10000000B ; POWER ON

%, TIMERL 2

DISP_STA, #00011111B

NZ, TIMER1 1
R11, TEMP
FIND_DISP
DISP_TEMP
CHK_COM
CHK_FAN
BNK_TIME, #00H
2, TIMER2
ENK_TIME
BNK_TIME, #00H
NZ, TIMER2

DISP_STA,#01101100B
STATUS, #10000000B

NZ, TIMER1_3

P



LD BUFDISP, #0BH i

LD BUFDISP+1, #0BH
JR TIMER2
TIMER1 3: ™ DISP_STA, #00001100B
JR Z, TIMER1 4 *
CALL DISP_FEEL
JR TIMER2
TIMER1 4: ™ STATUS, #00001000B
JR Z, TIMER2
CALL DISP_FEEL
4
TIMER2: INC CLOCK_COM
Cp CLOCK_COM, #60
JR NZ, TIMER2_1
CLR CLOCK_COM
INC SLEEP_TIME !
TIMER2_0: CP TIME_COM, #00H ;jchk compressor time
JR Z,TIMER2_1 ;it set
DEC TIME_COM ;dec timer !
cp TIME COM, #00H
NZ,TIMER2 1
T™ PO, #00010000B ;compressor
NZ,TIMER2_ 1
T™M STATUS, #00000010B
JR NZ, TIMER2_ 1 '
CALL COM_OFF
TIMER2_ 1: INC SEC ijsec. +1
cp SEC, #60 ;1 min.
JR NZ,T_EXIT ;8ec < 1 min.
CLR SEC ;sec = 1 min.
TIMER3: INC MIN ;min.+ 1
Cp MIN, #60 ;1 hour :
JR NZ,T_EXIT ;min < 1 hour
CLR MIN ;min = 1 hour
CcP TIME MODE,#00H ;chk timer mode
JR Z,T_EXIT ;not set
DEC TIME_MODE ;dec timer
Cp TIME_MODE,#OOH fa 4
JR Z,CHK_POWER ;
T_EXIT: POP RP
IRET ;back
CHK_POWER: JR T_EXIT

;***************************************

;This subroutine delay time for serial

;input @ -
joutput : -
;reg : -
i

DELAY: PUSH R14 i

PUSH R1S

LD R14,#20
DEL1: LD R15,#0

DFB WDT

DJINZ R15,$
DJINZ R14,DEL1l



DELAY1:

DEL2:
DFB

DELAY2:

DEL3:

;**************

BUZZER:

BUZ2Z1:

BUZZ22: DFB

'-*******************i***********************************

i

’-*************'h READ CODE FROM EEPROM de de e de e de g I e de ke A de ke de ke ok

READ_CODE:

POP
POP
RET

PUSH
PUSH
LD
LD

DJINZ
DJINZ
POP
POP
RET

PUSH
CLR
DFB
DJINZ
POP
RET

BUZZER SOUND #***kkkhkkhhdhhhhhhdkdhds

LD
LD
LD
WDT
DJNZ
DJINZ
LD
RET

CLR
CALL
cp
JR
INC
CALL
CP
JR
INC
CALL
Ccp
JR
LD
INC
CALL
Ccp
JR
LD
INC
CALL
Cp

R15
R14

R14
R15
R14,#0
R15,#0

R15,$
R14,DEL2
R15

R14

R15
R15
WDT
R15,DEL3
R15

BUZ_ON, #01
R14,#30
R15,#0

R15,BUZ22
R14,BUZZ1
BUZ_ON, #0

EEPROM SERVICE

RO
READ
R1,#12H
NZ,DATA_ERR
RO

READ

R1, #34H
NZ,DATA_ERR
RO

READ

R1,R2
NZ,DATA_ERR
TEMP_SET,R1
RO

READ

R1,R2
NZ,DATA_ERR
TEMP_COM, R1
RO

READ

R1,R2

;CODE

; TEMP_SET

; STATUS

;i FAN GEAR



DATA_ERR:

’-#*************

WRITE_CODE:

JR
LD
INC
CALL
cp
JR
LD
INC
CALL
CP
JR
LD
INC
CALL
cp
JR
LD
SCF
RET

RCF
RET

NZ,DATA_ERR
FAN_SPEED, R1
RO

READ

R1,R2
NZ,DATA_ERR
STATUS, R1
RO

READ

R1,R2
NZ,DATA_ERR
DISP_STA,R1
RO

READ

R1,R2
NZ,DATA_ERR
SWEEP, R1

WRITE CODE WHEN FIRST TIME ¥#**dkdhdkdkhddhd

CLR
LD
CALL
JR
CALL
CP
JR
INC
LD
CALL
JR
INC
LD
CALL
JR
INC
LD
CALL
JR
INC
LD
CALL
JR
INC
LD
AND
CALL
JR
INC
LD
AND
CALL
JR
INC
LD

RO
R1,#12H
WRITE

NC, CODE_ERR
READ

R1, #12H

NZ, CODE_ERR
RO

R1, #34H
WRITE

NC, CODE_ERR
RO
R1,TEMP_SET
WRITE

NC, CODE_ERR
RO

R1, TEMP_COM
WRITE

NC, CODE_ERR
RO
R1,FAN_SPEED
WRITE

NC, CODE_ERR
RO

R1, STATUS
R1,#10011100B
WRITE

NC, CODE_ERR
RO
R1,DISP_STA
R1,#00001100B
WRITE

NC, CODE_ERR
RO

R1, SWEEP



CALL  WRITE
JR NC, CODE_ERR
SCF

RET

CODE_ERR: RCF
RET

jRRRRkkhkkdkdkkk WRITE DATA INTO EEDROM **kkkkdkhihskddk
; INPUT RO ADDRESS

; INPUT R1 DATA BYTE HIGH

;INPUT R2 = DATA BYTE LOW i
;CARRY = 0 ERROR

]

WRITE: PUSH RO ;
OR RO, #01000000B ;01xx xxxx = write '‘data
CALL CTRL ;write ctrl byte
LD RO,R1 i
CALL CTRLO jout data high byte
LD RO,R1 H
CALL CTRLO jout data low byte
AND PO,#01111111B ;disble chip select:
OR P2,#00010000B ;clear data line
LD P2M,#00010000B ;set bit P2.5=input
LD RO, #0

WRITEL: DFB WDT

H DI
OR PO, #10000000B ijenable chip select
™ P2,#00010000B ;jcheck ready
JR NZ,WRITE2 ;

DJINZ RO, WRITEl

POP RO
AND PO, #01111111B
LD P2M, $00000000B
RCF
; EI
RET ;WRITE ERROR :
WRITE2: AND PO, #01111111B  ;disable chip select
LD P2M,#00000000B ;set port 2 = output
POP RO ;
SCF 3
EI |
RET ;

’-************* WRITE ENABLE AND DISABLE W W dr g o dr o de e ok e e e

WRITE_EN: PUSH RO H

LD RO, #30H ;0011 xxxx = enable write
WRITE_EN1: CALL  CTRL ;enable write )

AND PO, #01111111B ;disable chip select

POP RO H

RET
WRITE_DS: PUSH RO

LD RO, #00H

JR WRITE_EN1

’.********i** READ DATA FROM EE_PROM dede ke ok ke de ok ok ok



;INPUT RO = ADDRESS
;OUTPUT R1 = DATA BYTE HIGH

;OUTPUT R2 = DATA BYTE LOW
READ: PUSH RO
OR RO, #10000000B ;jetrl byte read
CALL CTRL ;write ctrl byte
LD P2M, #00010000B ;set P2.5=input
CALL READ1 ;
LD R1,RO H
CALL READ1 ;
LD R2,R0O i
AND P0,#01111111B ;
LD P2M, #00000000B ;
POP RO
RET ;

;************* READ CYCLE #*%%dhkdkhdhkddkdik

READ1: LD R3,#8
CLR RO
READ2: CALL CLK
™ P2,#00010000B
JR Z,READ3
SCF
JR READ4
READ3: RCF
READ4 : RLC RO
DJINZ R3,READ2
RET

ji*wkkwsts SHTFT DATA IN RO INTO EEPROM **+%iwwks

CTRL: OR PO, #10000000B ;enable chip selett
OR P2,#00010000B ;jout start bit
CALL CLK ;out clock to SK
CTRLO : LD R3,#8 ;set shift 8 bit
CTRL1: RLC RO ;s8hift data
JR C,CTRL2 jgoto set bit
AND P2,#11101111B ;clear bit
JR CTRL3 ;goto out clock
CTRL2: OR P2,#00010000B ;set bit
CTRL3: CALL CLK ;out clock
DJNZ R3,CTRL1 ;shift 8 bit
AND RO,#00111111B ;clear ctrl bit
RET ;go back

;***************** GENERATE CLOCK hdkekdedkhdhhkhhhkkhkhhdh

CLK:

I-****************ﬁ********i****t********

DFB

OR P0,#01000000B

NOP
WDT

AND P0,#10111111B

NOP
RET

;This subroutine convert inf to code key



;input : BUFINF,BUFINF+1
joutput : BUFKEY

;reg : R13,R14,R15,R12

CON_INF1: LD R12, #01H
LD R14,#10010000B
cp BUFINF+1,R14
JR Z,CON_INFA
INC R12
LD R14,#10000100B
cp BUFINF+1,R14
JR 2,CON_INFA
INC R12
LD R14,#10000001B
cp BUFINF+1,R14
JR %,CON_INFA
INC R12
LD R14,#10100000B
cP BUFINF+1,R14
JR 2, CON_INFA
INC R12
LD R14,#10001000B
cp BUFINF+1,R14
JR %,CON_INFA

DFB WDT
INC R12
LD R14,#10000010B
cp BUFINF+1,R14
JR Z,CON_INFA
INC R12
LD R14,#01010000B
cP BUFINF+1,R14
JR Z,CON_INFA
INC R12
LD R14,#00001000B
cp BUFINF+1,R14
JR Z,CON_INFA
INC R12
LD R14,#00000010B
cP BUFINF+1,R14
JR %,CON_INFA
INC R12
LD R14,#01100000B
cP BUFINF+1,R14
JR 2, CON_INFA
DFB WDT

INC R12
LD R14,#01000010B
cp BUFINF+1,R14
JR %, CON_INFA
INC R12
LD R14,#01000001B
Ccp BUFINF+1,R14
JR 2, CON_INFA
INC K12
LD R14,#01000100B
cP BUFINF+1,R14
JR %,CON_INFA

;01

;03

;06

;07

;09

;0A

;0C

;0D

SpP2

SP4

SP6

SP1

SP3

SPS

SP8

HP3

HP5

SP7

0451

Cp2

SP10

MODE

FANDF

POWER '

SLEEP '’

TEMP +’

TEMP -’ '

TIMER

TIMER +

TIMER -

F COOL

F WARM

SWEEP
1



RCF

RET
CON_INFA: LD BUFKEY, R12
SCF
RET
H LD 00010000B i HP2
H LD 00000100B ; HP4
i LD 00000001B ; HP6
H LD 00100000B ; HP1
H LD 00001000B H HP3
H LD 00000010B H HP5S
H LD R14,#01001000B ;08 SP9 TIMER +
i LD R14,#01000100B ;09 SP10 TIMER -

;************** TEMPURAT‘[]RE INTERRUPT khdkhdkkhkdhdhid

CHK_TEMP: DI
PUSH RP
SRP #20H

CHK_TO: LD R1,T1

CHK_T1: LD R4, #00H
LD RO, #0FH
LD RS, #5CH ;30
cp R1,R5
Jp UGE, CHK_T2
LD R4, #10H
LD RS, #5AH ;29.5
cp R1,R5
JP UGE, CHK_T2

DFB WDT
LD R4, #00H
LD RO, #0EH
LD RS, #58H ;29
cp R1,R5
Jp UGE, CHK_T2
LD R4, #10H
LD R5, #56H ;28.5
cp R1,RS
Jp UGE, CHK_T2
1

LD R4, #00H
LD RO, #0DH
LD RS, #54H ;28
cp R1,R5
Jp UGE, CHK_T2
LD R4, #10H
LD R5, #52H ;27.5 »
cp R1,RS5 )
Jp UGE, CHK_T2
LD R4, #00H
LD RO, #0CH
LD RS, #50H 127
cp R1,R5
Jp UGE, CHK_T2

LD R4, #10H



DFB

DFB

LD
Cp
JP

LD
LD
LD
cp
JpP
LD
LD
Cp
JP

LD
LD
LD
CP
Jp
LD
LD
Cp
Jp

LD
LD
LD
Cp
JP
LD
LD
cp
JP
LD

LD
CP
JP
LD
LD
CP
JP

LD
LD
LD
CcP
JP
LD
LD
Cp
Jp
LD
LD
LD
Cp
JP
LD
LD
CP

RS, #4DH
R1,R5
UGE, CHK_T2

R4, #00H
RO, #0BH
RS, #4BH
R1,R5

UGE, CHK_T2
R4, #10H
RS, #49H
R1,R5

UGE, CHK_T2

R4, #00H
RO, #0AH
RS, #47H
R1,R5

UGE, CHK_T2
R4, #10H
RS, #45H
R1,R5

UGE, CHK_T2

R4, #00H
RO, #09H
RS, #43H
R1,R5

UGE, CHK_T2
R4, #10H
RS, #41H
R1,R5

UGE, CHK_T2
R4, #00H
RO, #08H
RS, #3FH
R1,R5

UGE, CHK_T2
R4, #10H
RS, #3DH
R1,RS5

UGE, CHK_T2

R4, #00H
RO, #07H
RS, #3AH
R1,RS

UGE, CHK_T2
R4, #10H
RS, #38H
R1,R5

UGE, CHK_T2
R4, #00H
RO, #06H
R5, #35H
R1,RS

UGE, CHK_T2
R4, #10H
RS, #32H
R1,RS

;26

;25

;24

;21



CHK_T2:

DFB

DFB

DFB

JP
LD
LD
LD
Ccp
JP
LD
LD
cp
Jp

LD
LD
LD
CP
Jp
LD
LD
Cp

EEE R

CcP
JP
LD
LD
CP
JP
LD
LD
LD
CP
JP
LD
LD
CP
JP

LD
LD
LD
Ccp
JP
LD

OR

Cp

INC
cp

LD
LD
OR
POP
EI
IRET

UGE, CHK_T2
R4, #00H
RO, #05H
RS, #2EH
R1,R5

UGE, CHK_T2
R4, #10H
R5, #2AH
R1,R5

UGE, CHK_T2

R4, #00H
RO, #04H
RS, #27H
R1,RS

UGE, CHK_T2
R4, #10H
RS, #24H
R1,R5

UGE, CHK_T2
R4, #00H
RO, #03H
RS, #22H
R1,R5

UGE, CHK_T2
R4, #10H
RS, #1FH
R1,R5

UGE, CHK_T2
R4, #00H
RO, #02H
RS, #1CH
R1,RS

UGE, CHK_T2
R4, #10H
RS, #18H
R1,RS
UGE, CHK T2

R4, #00H
RO, #01H
RS, #15H
R1,RS

UGE, CHK_T2
R4, #00H

RO, R4

RO,R7
NZ, CHK_ERR
R6

R6,#6

ULT, CHK_T3
R7,R0
TEMP, RO

;20

;19

;17

;16.

;16

STATUS, #00000001B

RP



CHK_ERR:

DFB

CHK_ERR1:

CHK_ERR2:

CHK_T3:

WR_TEMP:

WR_STA:

WR_FEEL:

DFB

POP
POP
INC

POP
POP

SUB
CP

POP
POP
DEC

LD
POP

EI
IRET

LD
LD
CALL
INC
LD
CALL
RET

LD
LD
CALL
RET

LD
LD

CALL
RET

LD
LD

CALL
RET

R6
RO
TEMP

RO, #OFH
TEMP, #0FH
RO, TEMP

LT, CHK_ERR2
RO, TEMP

RO, #02H

LT, CHK_ERR1
TEMP

RO

TEMP

TEMP, #O0FH
CHK_T3

TEMP
RO
CHK_T3

TEMP, RO
TEMP, #02H
LT,CHK_ERR1
TEMP

RO

TEMP

TEMP, #0FH

R7,R0
RP

RO, #TEMP_ADD
R1, TEMP_SET
WRITE

RO

R1, TEMP_COM
WRITE

RO, #FAN_ADD
R1,FAN_SPEED
WRITE

RO, #STA_ADD
R1, STATUS
R1,#100111008
WRITE

RO, #DISP_ADD
R1,DISP_STA
R1,#00001100B
WRITE



WR_SWEEP:

LD
CALL
RET

END

RO, #SWEP_ADD
R1, SWEEP
WRITE



PAL16L8 3

IC10

DECODER BINARY TO SEVEN SEGMENT FOR AIR CONTROLLER BY KMTIL PROJECT
MMI

ABCDETVFGHTIGND

SS SP SA SB SF SG SD SE SC VvCC

/SA = /A% /B*/C*D+/A*B*/C*/D+A* /B*C* /D+A*B* /C* /D+A*B* /C*D+A*B*C* /D

/SB = /A*B*/C*D+/A*B*C* /D+A* /B*C*D+A*B* /C* /D+A*B* /C*D+A*B*C* /D+A*B*C*D
/sc = /A% /B*C* /D+A%* /B*C*D+A*B*/C* /D

/SD =

/A*/B*/C*D+/A*B* /C* /D+/A*B*C*D+A* /B*C*D+A*B* /C* /D+A*B*C* /D+A*B*C*D

/SE =

/A* /B* /C*D+ /A% /B*C*D+/A*B* /C* /D+/A*B* [C*D+/A*B*C*D+A* /B*C*D+A*B* /C* /D

/SF /R*B* /C*D+/A*B*C* /D+A* /B* /C* /D+A* /B* /C*D+A* /B*C* /D+A*B*C*D
/SG = [Ax/B¥/C* /D+/A%* /B* /C*D+/A*B*C*D+A* /B¥C*D+A*B* /C* /D+A¥*B* /C*D



DECODER BINARY TO SEVEN SEGMENT FOR AIR CONTROLLER BY KMTIL PROJECT

khkkkkkdkkhdkhkkdk * ok k ok ok ok ok kkkkkkk
* * * *
* %k k% *kkk
A * 1% PAL *20%  VCC
tkk*k *kk*k
* 16 L8 *
&, % % %k k%X
B * 2% *19%  8C
*kk*k *kkk
%* *
kkkk kkkk
c * 3% *18*  SE
dkkk % & % %k
* *
.
%k kk * k% %k
D % 4% *17%  SD
% %k * %%k
* *
% % % % % %k k%
E * 5% *16%  SG
* % % % *k k%
* *
* gk Kk * % % %
F * 6% *15%  QF
k% %k * %k kk
* *
% % %k % *kkd
G * 7% *14%  SB
*kkk %* % %k k
* *
*k kK kkk%k
H * g* *13*  SA
* % %k % % %k
* *
* %k * dkhkkk
I * 9% *12% 8P
%,k k% * %k %k
* *
* %k k d*kkk
GND  *10% *11%  SS
kk k% *kk*k
* *

*hkkhkhkhkdkkhkdkkkdhkkhkhhkdkdkhkdkkkdkdkkkikkx

PAL20 V1.7K - PAL16L8 - DECODER BINARY TO SEVEN SEGMENT FOR AIR CONTROLLER
BY KMTIL PROJECT

11 1111 1111 2222 2222 2233
0123 4567 8901 2345 6789 0123 4567 8901

o U
1 -X-X X=== =X== ==c= ==-= --e- =-e- ---- [A%/B*C*/D
2 -XX- X--- X-== === —-mc ——=- ———— ———_ AX/B*C*D

3 X-X- -X-= -X-- ==m= =-=s =-ee ——w_ ——-- A¥B¥/C*/D
4 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX



a w»

10
11
12
13
14
15

16
17
18
19
20
21
22
23

24
25
26
27
28
29
30
31

32
33
34
35
36
37
38
39

40
41
42
43
44
45
46
47

48
49
50
51
52
53
54
55

XXXX
XXXX
XXXX

-X-X
-X-X
X--X
X--X
X--X
-XX-
X-X-

-X-X
X--X
X--X

X--X

XXXX

X--X
X--X
XX~
-XX-
~XX~
X-X-
XXXX

X--X
X--X

XXXX

XXXX XXXX
XXXX XXXX
XXXX XXXX

Xemm =mm-
Xewm ===
eXem mmeam
Xewom w-e=
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LM555/LM555C Timer

General Description

The LM55S5 is a highly stable device for generating accurate
time delays or oscillation. Additional terminals are provided
for triggering or resetting if desired. In the time delay mode
of operation, the time Is precisely controlled by one external
resistor and capacitor. For astable operation as an oscilla-
tor, the free running frequency and duty cycle are accurately
controlled with two external resistors and one capacitor.
The circuit may be triggered and reset on falling waveforms,
and the output circuit can source or sink up to 200 mA or
drive TTL circuits.

Features

a Direct replacement for SES55/NES55

m Timing from microseconds through hours

m Operates in both astable and monostable modes

&National Semiconductor

February 1995

B Adjustable duty cycle

® Output can source or sink 200 mA

® Output and supply TTL compatible

B Temperature stability better than 0.005% per °C
# Normally on and normally off output

Applications

B Precision timing

m Pulse generation

u Sequential timing

B Time delay generation

B Pulse width modulation

=’ Pulse position modulation
| Linear ramp generator

Schematic Diagram
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Absolute Maximum Ratings

It Milltary/Aerospace specifiled devices are required,
please contact the National Semiconductor Sales
Office/Distributors for avallability and specifications.

Supply Voltage +18V
Power Digsipation (Note 1)
LM555H, LM555CH 760 mW
LM555, LM555CN 1180 mW
Operating Temperature Ranges
LM8E55C 0°Cto +70°C
LM555 -55°C to + 125°C

Storage Temperature Range —65°C to +150°C
Soldering Information

Dual-In-Line Package

Soldering (10 Seconds) 260°C
Small Outline Package

Vapor Phase (60 Seconds) 215°C

Infrared (15 Seconds) 220°C

See AN-450 “Surface Mounting Methods and Their Effect
on Product Reliability” for other methods of soldering sur-
face mount devices.

Electrical Characteristics (s = 25:C, Ve = +5V1o +15V, unless othewise specified)

Limits
Parameter Conditions LM555 LMS55C Units
Min Typ Max Min Typ Max
Supply Voltage 4.5 18 4.5 16 \
Supply Current Voo = 5V, R, = o« 3 5 | 3 6 mA
Voo = 15V, R = = 10 12 10 15 mA
(Low State) (Note 2)
Timing Error, Monostable
Initial Accuracy 0.5 1 %
Drift with Temperature Ra = 1kto 100 kQ, 30 50 ppm/°C
C = 0.1 pF, (Note 3)
Accuracy over Temperature 15 1.5 %
Drift with Supply 0.05 0.1 % /V
Timing Error, Astable
Initial Accuracy 1.5 2.25 %
Drift with Temperature Ra, Rg = 1kto 100 kQ2, 20 150 ppm/°C
C = 0.1 uF, (Note 3)
Accuracy over Temperature 2.5 3.0 %
Drift with Supply 0.15 0.30 %/V
Threshold Voltage 0.667 0.667 x Voo
Trigger Voltage Voo = 15V 48 5 52 5 Vv
Ve = 5V 1.45 1.67 1.9 1.67 \
Trigger Current 0.01 0.5 0.5 0.9 nA
Reset Voltage 0.4 0.5 1 0.4 0.5 i \J
Reset Current 0.1 0.4 0.1 0.4 mA
Threshold Current (Note 4) 0.1 0.25 0.1 0.25 pA
Controt Voltage Leve! Vg = 15V 9.6 10 10.4 9 10 1" )
Voo = 5V 2.9 3.33 3.8 2.6 3.33 4 \
Pin 7 Leakage Output High 1 100 1 100 nA
Pin 7 Sat (Note 5)
Output Low Voc = 15V, I7 = 15mA 150 180 mv
Output Low Vo = 4.5V, 7 = 4.5mA 70 100 80 200 mV




Electrical Characteristics T, = 25°C, Voo = +5V to +15V, (unless othewise specified) {Continued)

Limits
Parameter Conditions LMS55 LM555C Units
Min Typ Max Min Typ Max
Output Voltage Drop (Low) Ve = 15V
Isink = 10 mA 0.1 0.15 0.1 0.25 \'
Isink = 50 mA 0.4 0.5 0.4 0.75 \
Ising = 100 mA 2 22 2 2.5 v
Isink = 200 mA 2.5 25 \
Voo = 5V
Isink = 8 MA 0.1 0.25 A
Isink = 5 mA 0.25 0.35 \
Output Voltage Drop (High) Isource = 200 mA, Vg = 16V 125 12,5 A
Isource = 100 mA, Voo = 15V 13 13.3 12.75 13.3 \"
Ve = 5V 3 3.3 2.75 3.3 v
Rise Time of Output 100 100 ns
Fall Time of Output 100 100 ns
Note 1: For operating at D the device must be derated above 25°C based on a +150°C Junction temperature and a th |
resistance of 164°c/w (T0-5), 106°c/w (DIP) and 170°c/w (S0-8) junction to ambient.
Note 2: Supply cuirent when output high typically 1 mA less at Ve = 5V.
Note 3: Tested at Vo = 5V and Voo = 15V,
Note £: This will determine the maximum value of Ry + Rg for 15V operation. The maximum total (R4 + Rg) is 20 MA.
Note 5: No protection against excessive pin 7 current is necessary providing the package dissipation rating will not be exceeded.
Note 6: Refer 1o RETS555X drawing of miitary LM555H and 1LM555J verslons for specifications.
Connection Diagrams
Metal Can Package Dual-In-Line and Small Outline Packages
6RO —-’--—l J'F- +Vee
TRIGGER 7 . S DISCHARGE
ouTruT THRESHOLD
5 CONTROL
TL/H/7851-2 =4 VOLTAGE
Top View
TL/H/7851-3
Order Number LM555H or LM555CH Top View
See NS Package Number HO8C ’
Order Number LM555J, LM555CJ,
LM555CM or LM555CN

See NS Package Number JOSA, MOSBA or NOSE




Typical Performance Characteristics
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Applications Information

MONOSTABLE OPERATION

In this mode of operation, the timer functions as a one-shot
(Fgure 1 ). The external capacitor Is initially held discharged
by a transistor inside the timer. Upon application of a nega-
tive trigger pulse of less than 1/3 Vg to pin 2, the flip-flop Is
set which both releases the short circuit across the capaci-

tor and drives the output high.
+5V T0 +15V
i RESET O Ve
L -
>
| T b3 R
TRIGBER ' ' DISCHARGE
NOMMALLY § L O——i]2 7
“ON" LOAD L
i Lasss ¢ | THRESHOLD
| CONTROL
oUTPYT VOLTAGE
3 5 ¢
> -T-
NORMALLY :, R 1
“OFF* LOAD $ 'Iimr
TL/H/7851-5

FIGURE 1. Monostable

The voltage across the capacitor then increases exponen-
tially for a period of t = 1.1 Rp C, at the end of which time
the voltage equals 2/3 Vgg. The comparator then resets
the flip-flop which Iin turn discharges the capacitor and
drives the output to its low state. Figure 2 shows the wave-
forms generated in this mode of operation. Since the charge
and the threshold level of the comparator are both directly
proportional to supply voltage, the timing internal is inde-
pendent of supply.

AT AT AT

/
TL/H/7851-6
Voo = 5V Top Trace: Input 5V/Div.
TIME = 0.1 ms/DIV. Middle Trace: Output 5V/Div.
Ra = 9.1k} Bottom Trace: Capacitor Voltage 2V/Div.
C = 001 pF

FIGURE 2. Monostable Waveforms

During the timing cycle when the output is high, the further
application of a trigger pulse will not effect the circuit so
long as the trigger input is returned high at least 10 ps be-
fore the end of the timing interval. However the circuit can
be reset during this time by the application of a negative
puise to the reset terminal (pin 4). The output will then re-
main in the low state until a trigger pulse is again applied.

When the reset function is not in use, it is recommended
that it be connected to V¢ to avoid any possibility of false
triggering.

Figure 3 is a nomograph for easy determination of R, C
values for various time delays.

NOTE: In monostable operation, the trigger should be driv-
en high before the end of timing cycle.
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L VT
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0.001

1043100 3t ms 10ms100ms 13 10s 100s

14~ TIME DELAY
TL/H/7851-7
FIGURE 3. Time Delay

ASTABLE OPERATION

If the circuit is connected as shown in Figure 4 (pins 2 and 6
connected) it will trigger itself and free run as a multivibrator.
The external capacitor charges through Ra + Rg and dis-
charges through Rp. Thus the duty cycle may be precisely
set by the ratio of these two resistors.
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FIGURE 4. Astable

In this mode of operation, the capacitor charges and dis-
charges between 1/3 Ve and 2/3 Vgg. As in the triggered
mode, the charge and discharge times, and therefore the
frequency are independent of the supply voltage.




Applications Information (continued)

Figure 5 shows the waveforms generated in this mode of
operation.

Vi NA TN YV

Vi
7 \ 4

TL/H/7851-8
Ve = 5V Top Trace: Output 5V/Div.
TIME = 20 ps/DiV.  Bottom Trace: Capaciior Voltage 1V/Div.
Ra = 3.9ka
Rg = 3 ki1
C = 0.01 pF

FIGURE 5. Astable Waveforms

The charge time (output high) Is given by:

ty = 0.693 (Rp + Rg) C
And the discharge time (output low) by:

ts = 0.693 (Rg) C
Thus the total period is:
T =ty +t, = 0.693 (R +2Rg) C
The frequency of oscillation is:
1.44

(Ra + 2Rp)C
Figure 6 may be used for quick determination of these RC
values.

1
===

Rg
] D=
The duty cycle is: Ra + 2Rg
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FIGURE 6. Free Running Frequency

FREQUENCY DIVIDER

The monostable circuit of Figure 7 can be used as a fre-
quency divider by adjusting the length of the timing cycle.
Figure 7 shows the waveforms generated in a divide by
three circuit.

»
v

y
vV

€ — CAPACITANCE (uF)

| Srw—
=T

TL/H/7851~11
Ve = 5V Top Trace: Input 4V/Div.
TIME = 20 ps/DIV. Middle Trace: Output 2V/Div.
Ra = 9.1 k01 Bottom Trace: Capacitor 2V/Div.
C = 0.01 pF
FIGURE 7. Frequency Divider

PULSE WIDTH MODULATOR

When the timer is connected in the monostable mode and
triggered with a continuous pulse train, the output pulse
width can be modulated by a signal applied to pin 5. Figure
8 shows the circuit, and in Figure 9 are some waveform
examples.

Ovoc
TRIGGER Q=12 ; |piscHARGe
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ImooutaTION
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1
TL/H/7851-12
FIGURE 8. Puise Width Modulator
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Vee = &V Top Trace: Modulation 1V/Div.
TIME = 0.2 ms/DIV. Bottom Trace: Output Voltage 2V/Div.
Ra = 0.1k
C = 0.01 uF
FIGURE 9. Pulse Width Modulator

PULSE POSITION MODULATOR

This application uses the timer connected for astable opera-
tion, as in Figure 10, with a modulating signal again applied
to the control voltage terminal. The pulse position varies
with the modulating signal, since the threshold voltage and
hence the time delay is varied. Figure 71 shows the wave-
forms generated for a triangle wave modulation signal.




Applications Information (continued)

@O +Ve
Ra
3
2 ?
Ra
LMESE
MODULATION
OQUTPUT O—ri 3 §P—0 ¢
TL/H/7851-14

FIGURE 10. Pulse Position Modulator

L N e

TL/H/7851-15
Vee = 5V Top Trace: Modulation Input 1V/Div.
TIME = 0.1 ms/DiV. Bottom Trace: Output 2V/Div.
Ra = 39kn
Rg = 3kn
C = 0.01 pF

FIGURE 11. Pulse Position Modulator
LINEAR RAMP

When the pullup resistor, Ra, in the monostable circuit is
replaced by a constant current source, a linear ramp Is gen-
erated. Figure 12 shows a circuit configuration that will per-
form this function.

Vee W
1
. [
TRIGGERO—— 2 7
LM5S5 §
OUTPUT O—4 3 §
1

%

FIGURE 12
Figure 13 shows waveforms generated by the linear ramp.
The time interval is given by:
2/3VooRe(Ry + R C

TL/H/7851-16

T =
R1Vee — Vee (Ry + Rg)
Vgg = 0.6V

ot i

>

\ ,//
] i
TU/H/7851-17

Voo = 5V Top Trace: Input 3V/Div.

TIME = 20 us/DIV. Middie Trace: Output 5V/Div.

Ry = 47kQ Bottom Trace: Capacitor Voltage 1V/Div.
Rz = 100 kQ1

Rg = 27kN

C = 0.01 pF

FIGURE 13. Linear Ramp

50% DUTY CYCLE OSCILLATOR

For a 50% duty cycle, the resistors Ry and Rg may be
connected as in Figure 14. The time period for the out-




Applications Information (continued)

put high is the same as previous, t,
output low it is tp =

= 0.693 Ra C. For the

Note that this circuit will not oscillate if Rg is greater than
1/2 Rp because the junction of R and Rg cannot bring pin

[ ] c [RB - 2R A] 2 down to 1/3 Vg and trigger the lower comparator.
Ra Rp)/(Ra + R in|——=
(BaRe)/(Ra + Re) 2Rg — Ra ADDITIONAL INFORMATION
. _ 1 Adequate power supply bypassing is necessary to protect
Thus the frequency of oscllation is f = t+tp associated circuitry. Minimum recommended is 0.1 uF in
parallel with 1 pF electrolytic.
’ Wee K
Lower comparator storage time can be as long as 10 us
Ra when pin 2 is driven fully to ground for triggering. This limits
. 51% the monostable pulse width to 10 us minimum.
. ' P Delay time reset to output is 0.47 ps typical. Minimum reset
2 1 —AA pulse width must be 0.3 ps, typical.
Pin 7 current switches within 30 ns of the output (pin 3)
LG5S s ¢ . voltage.
SUTHIT O——13 L] -t
. —r— 0.81F
] 0.01,F
TL/H/7851-18
FIGURE 14. 50% Duty Cycle Osclillator
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Physical Dimensions inches (millimeters) (Continued)
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LM555/LM555C Timer

Physical Dimensions inches (millimeters) (Continued)
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SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or

systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and whose
failure to perform, when properly used in accordance
with instructions for use provided in the labeling, can
be reasonably expected to result in a significant injury
to the user.

2. A critical component is any component of a life

support device or system whose failure to perform can
be reasonably expected to cause the failure of the life
support device or system, or to affect its safety or
effectiveness.
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Features

® Low Voltage and Standard Voltage Operation
5.0 (Vcc = 4.5V to 5.5V)
2.7 (Vec = 2.7V to 5.5V)
2.5 (Vcec = 2.5V to 5.5V)
3-Wire Serial Interface
2 MHz Clock Rate (5V) Compatibility
Self-Timed Write Cycle (10 ms max)
High Reliability
Endurance: 1 Million Cycles
Data Retention: 100 Years
Automotive Grade and Extended Temperature Devices Available
8-Pin PDIP and JEDEC SOIC Packages

Description

The AT93C46A provides 1024 bits of serial electrically erasable programmable read
only memory (EEPROM ) organized as 64 words of 16 bits each. The device is opti-
mized for use in many industrial and commercial applications where low power and
low voltage operation are essential. The AT93C46A is available in space saving 8-pin
PDIP and 8-pin JEDEC packages.

The AT93C46A is enabled through the Chip Select pin (CS), and accessed via a
3-wire serial interface consisting of Data Input (DI), Data Output (DO), and Shift Clock
(8K). Upon receiving a READ instruction at DI, the address is decoded and the data
is clocked out serially on the data output pin DO. The WRITE cycle is completely
self-timed and no separate ERASE cycle is required before WRITE. The WRITE cycle
is only enabled when the part is in the ERASE/WRITE ENABLE state. When CS is
brought “high” following the initiation of a WRITE cycle, the DO pin outputs the
READY/BUSY status of the part.

The AT93C46A is available in 4.5V to 5.5V, 2.7V to 5.5V, and 2.5V to 5.5V versions.

Pin Configurations

Pin Name Function RSP
CS Chip Select N
cs [ ] 1 8 || vee
SK Serial Data Clock
DI Serial Data Input sk ]2 7 [ oc
DO Serial Data Output om[]s 6 [ ] NC
GND Ground po[ | 4 6§ |__] GND
Vee Power Supply
NC No Connect
DC Don't Connect
8-Pin SOIC
T
cs [ |1 8 [_]vee

sk | 2 7 [ Joc
ot | 3 6 |_|NC
po[ | 4 s [ Jeno

AIMEL

3-Wire

Serial CMOS
E2PROMs

1K (64 x 16)

0539A

2-79



AIMEL

Absolute Maximum Ratings*

i
. *NOTICE: Stresses beyond those listed under “Absolute Maxi-
Operatlng Temperature ................... -55°C to +125°C mum Ratings” may cause permanent damage to the device.
This is a stress rating only and functional operation of the
S’torage Temperature ...................... -65°C to +150°C device at these or any other conditions beyond those indi-
Voltage on Anv Pin cated in the operational sections of this specification is not
with Ige act ty G d 1.0V to +7.0V implied. Exposure to absolute maximum rating conditions
sp 0 BrOUNG .ovvevvensrennasens : O +/. for extended periods may affect device reliability.
Maximum Operating Voltage .........cccccereeeruenne. 6.25V
DC Output Current.......cccevccrrcvennveerceenneenns 5.0mA

Block Diagram
Vee GND

N

MEMORY ARRAY

ADDRESS

64x16 < DECODER

i

DATA >
REGISTER

Nl i

MODE
DECODE
LOGIC

OUTPUT
BUFFER

CS ———

CLOCK

SK »|  GENERATOR Do

280 AT93C46A meesee————————
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Pin Capacitance ("
Applicable over recommended operating range from Ta = 25°C, f = 1.0 MHz, Vcc = +5.0V (unless otherwise noted).

Test Conditions Max Units Conditions
Cout Output Capacitance (DO) 5 pF Vout =0V
CiIN Input Capacitance (CS, SK, DI) 5 pF VIN =0V
Note: 1. This parameter is characterized and is not 100% tested.
DC Characteristics
Applicable over recommended operating range from: Ta = -40°C to +85°C, Vcc = +2.5V to +5.5V,
Tac = 0°C to +70°C, Vo = +2.5V to +5.5V (uniess otherwise noted).
Symbol Parameter Test Condition Min Typ Max Units
Veed Supply Voltage 1.8 5.5 \'
Vcez Supply Voltage 25 5.5 Vv
Vees Supply Voltage 27 5.5 Vv
Vces Supply Voltage 4.5 5.5 \
READ at 1.0 MHz 0.5 2.0 mA
lcc Supply Current Vce =5.0V
PPY WRITE at 1.0 MHz 0.5 2.0 mA
IsB1 Standby Current Vce = 2.5V CS=0V 14.0 20.0 A
IsB2 Standby Current Vcec =2.7V CS=0V 14.0 20.0 A
Ise3 Standby Current Vce = 5.0V CS=0V 35.0 50.0 pA
iL Input Leakage ViN=0V to Vcc 0.1 1.0 pA
loL Output Leakage Vin =0V to Vce 0.1 1.0 HA
ViL1 (| Input Low Voltage -0.1 0.8
Vint @ | Input High Voltage -3V < Vec <5.5V 2.0 Vee + 1
Viz () | Input Low Voltage 0.0 Vcex 0.3
Viz (| Input High Voltage 1.8V<Vee <27V Vcex 0.7 Vee + 1 v
VoL1 Output Low Voltage loL=2.1mA 0.4 Vv
VOH1 Output High Voltage 4.5V.sVce <5.5V loH = -0.4 mA 24 Vv
VoLz Output Low Voltage loL=0.15mA 0.2 \4
VOH2 Output High Voltage 1.8V<Vee <27V loH=-100pA  Vcc-0.2 Vv
Note: 1. ViLmin and ViH max are reference only and are not tested.
2-81
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AC Characteristics
Applicable over recommended operating range from Ta = -40°C to + 85°C, Vcc = +2.5V to + 5.5V,

CL =1 TTL Gate and 100 pF (unless otherwise noted).

Symbol Parameter Test Condition Min Typ Max Units
45V <Vee £5.5V 0 2
SK Clock 2.7V £Vce £5.5V 0 1
fex Frequency 2.5V<Vee £56.5V 0 0.5 MHz
1.8V <Vee £5.5V 0 0.25
4.5V <Vce £5.5V 250
\ , 2.7V<Vce £5.5V 250
tski | SKHigh Time 2.5V <Voe <5.5V 500 ns
; 1.8V <Vge £5.5V 1000
4.5V <Vgc 5.5V 250
. 2.7V <Vce £5.5V 250
| sk SK Low Time 2.5V < Voo < 5.5V 500 ns
1.8V <Vge £5.5V 1000
4.5V <Vcec £5.5V 250
t Minimum CS Low 2.7V <Vcc £5.5V 250 ns
cs Time 2.5V < Ve <55V 500
1.8V <Vce <£5.5V 1000
4.5V £ Vge £5.5V 50
| tcss CS Setup Time Relative to SK gg i xgg i gg\\; 138 ns
1.8V <Vce £5.5V 200
4.5V <Vcc £55V 100
tois DI Setup Time Relative to SK ggg f xgg f ggg ;88 ns
1.8V <Vce £5.5V 400
tcsH CS Hold Time Relative to SK 0 ns
4,5V <Vcc <55V 100
toH | DI Hold Time Relative to SK 5.7 = 1/0C =230 o ns
1.8V <Vcec £5.5V 400
4.5V <Vcc £5.5V 250
| tppy "Output Delay to ‘I’ AC Test gg& f xgg f ggg ggg ns
: BV< <5.
, 1.8V <Vce 5.5V 1000
t 4.5V <Vce £5.5V 250
| troo Output Delay to ‘0’ AC Test %3 f \\;gg f gg& ggg ns
f 1.8V <V¢ce £5.5V 1000
I 4.5V <Vce £5.5V 250
. 2.7V £V¢ee £5.5V 250
tsv CSto Status Valid  AC Test 2.5V < Voo <5.5V 500 ns
' 1.8V <Vce £5.5V 1000
4.5V <Vce £5.5V 100
toF CS to DO in High AC Test 2.7V £V¢co £5.5V 100 ns
Impedance CS=ViL 2.5V <Vcec £5.5V 200
1.8V <Vge £5.5V 400
twp Write Cycle Time 01 10 ms
4.5V <Vcc £5.5V 1 ms
2-82 AT93C46A e eT———
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Instruction Set for the AT93C46A

Address

Instruction SB  Op Code x 16 Comments

READ 1 10 As - Ag Reads data stored in memory, at specified address.

EWEN 1 00 11XXXX Write enable must precede all programming modes.

ERASE 1 11 As - Ap Erase memory location An - Ao.

WRITE 1 01 As - Ao Writes memory location An - Ao.

ERAL 1 00 10XXXX Erases all memory locations. Valid only at Voc = 4.5V to 5.5V.
WRAL 1 00 01XXXX Writes all memory locations. Valid only at Vcc = 4.5V to 5.5V.
EWDS 1 00 00XXXX Disables all programming instructions.

AlIMEL 283
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Functional Description

The AT93C46A is accessed via a simple and versatile
three-wire serial communication interface. Device opera-
tion is controlled by seven instructions issued by the host
processor. A valid instruction starts with a rising edge of
CS and consists of a Start Bit (logic ‘1") followed by the
appropriate Op Code and the desired memory Address
location.

READ (READ): The Read (READ) instruction contains
the Address code for the memory location to be read. After
the instruction and address are decoded, data from the
selected memory location is available at the serial output
pin DO. Output data changes are synchronized with the
rising edges of serial clock SK. It should be noted that a
dummy bit (logic ‘0’) precedes the 16 bit data output string.

ERASE/WRITE (EWEN): To assure data integrity, the
part automatically goes into the Erase/Write Disable
(EWDS) state when power is first applied. An Erase/Write
Enable (EWEN) instruction must be executed first before
any programming instructions can be carried out. Please
note that once in the Erase/Write Enable state, program-

' ming remains enabled until an Erase/Write Disable
(EWDS) instruction is executed or Vcc power is removed
from the part.

ERASE (ERASE): The Erase (ERASE) instruction pro-
grams all bits in the specified memory location to the logi-

- cal ‘1’ state. The self-timed erase cycle starts once the
ERASE instruction and address are decoded. The DO pin
outputs the READY / BUSY status of the part if CS is
brought high after being kept low for a minimum of 250 ns

. (tcs). A logic ‘1’ at pin DO indicates that the selected mem-

- ory location has been erased, and the part is ready for
another instruction.

Timing Diagrams
[ Synchronous Data Timing

WRITE (WRITE): The Write (WRITE) instruction con-
tains the 16 bits of data to be written into the specified
memory location. The self-timed programming cycle starts
after the last bit of data is received at serial data input pin
DI. The DO pin outputs the READY/BUSY status of the
part if CS is brought high after being kept low for a mini-
mum of 250 ns (tcs). A logic ‘0" at DO indicates that pro-
gramming is still in progress. A logic ‘1’ indicates that the
memory location at the specified address has been written
with the data pattern contained in the instruction and the
part is ready for further instructions.

ERASE ALL (ERAL): The Erase All (ERAL) instruction
programs every bit in the memory array to the logic ‘1’
state and is primarily used for testing purposes. The DO
pin outputs the READY/BUSY status of the part if CS is
brought high after being kept low for a minimum of 250 ns
(tcs). The ERAL instruction is valid only at Vcc = 5.0V +
10%.

WRITE ALL (WRAL): The Write All (WRAL) instruction
programs all memory locations with the data patterns
specified in the instruction. The DO pin outputs the
READY/BUSY status of the part if CS is brought high after
being kept low for a minimum of 250 ns (tcs). The WRAL
instruction is valid only at Vcc = 5.0V £ 10%.

ERASE/WRITE DISABLE (EWDS): To protect against
accidental data disturb, the Erase/Write Disable (EWDS)
instruction disables all programming modes and should be
executed after all programming operations. The operation
of the READ instruction is independent of both the EWEN
and EWDS instructions and can be executed at any time.

V
D) o ST WA L
elcssple——— lskH ——ple—— skt ——» iq-» tesH
ViH
SK ViL l
- tois —pie—toIH
ViH
D vy, X X
f‘PDO -tPD1 ‘—ﬂ tor
VoH —\
DO (READ) VoL
t
PR le—»>| toF
Vo
DO (PROGRAM) VoL STATUS VALID

Note: 1. This is the minimum SK period.

2.84 AT93C46A
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Organization Key for Timing Diagrams

AT93C46A
o x 16
AN As
Dn D1s

Timing Diagrams (Continued)

READ Timing
/ /l tcs

1 1
CS /
SRR
DI TS @ //;><E>\ _y
1

DO # ' CX XA )

EWEN Timing (")
/L

cs _/ A cs
K Mmmmwm

Note: 1. Requires a minimum of nine clock cycles.

EWDS Timing

s/ ’ tcs

« _JUUUuUdy iUy

Note: 1. Requires a minimum of nine clock cycles.

- AIMEL

(continued)
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Timing Diagrams (Continued)
WRITE Timing

CS J / # \tc_s/
MUUWM

HIGH IMPEDANCE
DO a A BUSY READY

«—— twp

WRAL Timing (-2
s s tcs
os _/ \/
« T AL

HIGH IMPEDANCE ’ BUSY
DO e a READY
LJWP

Notes: 1. Valid only at Voo = 4.5V to 5.5V.
2. Requires a minimum of nine clock cycles.

ERASE Timing

s« _[IUUUuuy WM{UM

tcs

/ d ey CHECK % STANDBY
CS STATUS N

T OEOOGE
DI /l /L

AN-1 AN2 —» tgy

tiH

HIGH IMPEDANCE P M HIGH IMPEDANCE
7

DO 7

(continued)
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Timing Diagrams (Continued)

 TERAL Timing ()
Snhinnnninnnpinnns
// tCS /;/
Z l STANDBY

1 0 0 1 0
D l /_\ A y/A y/A
/4 /4
—» tsv -~

HIGH IMPEDANCE
DO
[—twp

tH
HIGH IMPEDANCE

Note: 1. Valid only at Ve = 4.5V to 5.5V.
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Ordering Information

twp (max lcc (max Isg (max f
(max) ¢ (max) 58 (max) MAX Ordering Code Package | Operation Range
(ms) (uA) (nA) (kHz)
10 2000 50.0 2000 AT93C46A-10PC 8P3 Commercial
AT93C46A-10SC 851 (0°C to 70°C)
10 800 20.0 1000 AT93C46A-10PC-2.7 8P3 Commercial
AT93C46A-10SC-2.7 851 (0°C to 70°C)
10 600 20.0 500 AT93C46A-10PC-2.5 8P3 Commercial
AT93C46A-10SC-2.5 851 (0°C to 70°C)
10 2000 50.0 2000 AT93C46A-10PI 8P3 Industrial
AT93C46A-10SI 851 (-40°C to 85°C)
10 800 20.0 1000 AT93C46A-10P1-2.7 8P3 Industrial
AT93C46A-10SI-2.7 881 (-40°C to 85°C)
10 600 20.0 500 AT93C46A-10PI-2.5 8P3 Industrial
AT93C46A-10S1-2.5 851 (-40°C to 85°C)
Package Type
8P3 8 Lead, 0.300" Wide, Plastic Dual Inline Package (PDIP)
881 8 LLead, 0.150" Wide, Plastic Gull Wing Small Outline (JEDEC SOIC)
Options
Blank Standard Device (4.5V to 5.5V)
-2.7 Low Voltage (2.7V to 5.5V)
-2.5 Low Voitage (2.5V to 5.5V)
-1.8 Low Voltage (1.8V to 5.5V)

2-88 AT93C46A mesessseresssesss—————
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PRELIMINARY PRODUCT SPECIFICATION

Z86E30/E31/E40

Z8 4K OTP MICROCONTROLLER

FEATURES

ROM RAM* o Speed
Device (KB) (Bytes) Lines (MHz)
ZB6E30 4 237 24 16
Z86E31 2 125 24 16
Z86E40 4 236 32 16

Note: *General-Purpose

m  Standard Temperature (Ve = 3.5V to 5.5V)
B Extended Temperature (Vo = 4.5V to 5.5V)

W Available Packages:
28-Pin DIP/SOIC/PLCC OTP (Z86E30/31 only)
28-Pin DIP Window (Z86E30/31 only)
40-Pin DIP OTP/Window (Z86E40 only)
44-Pin PLCC/QFP OTP (Z86E40 only)
44-Pin PLCC Window (Z86E40 only)

B Software Enabled Watch-Dog Timer (WDT)

B Push-Pull/Open-Drain Programmable on
Port 0, Port 1, and Port 2

B 24/32 Input/Output Lines
M Auto Latches

M Auto Power-On Reset (POR)

M Programmable OTP Options:
RC Oscillator
EPROM Protect
Auto Latch Disable
Permanently Enabled WDT
Crystal Oscillator Feedback Resistor Disable
RAM Protect

Low-Power Consumption: 60 mW

Fast Instruction Pointer: 0.75 ps

Two Standby Modes: STOP and HALT

Digital Inputs CMOS Levels, Schmitt-Triggered

Software Programmable Low EMI Mode

Two Programmable 8-Bit Counter/Timers Each
with a 6-Bit Programmable Prescaler

M Six Vectored, Priority Interrupts from Six
Different Sources

B Two Comparators

E On-Chip Oscillator that Accepts a Crystal, Ceramic
Resonator, LC, RC, or Extemal Clock Drive

GENERAL DESCRIPTION

The Z86E30/E31/E40 8-Bit One-Time Programmable
(OTP) Microcontrollers are members of Zilog's single-chip
Z8%® Mcu family featuring enhanced wake-up circuitry,
programmable Watch-Dog Timers, Low Noise EMI op-
' tions, and easy hardware/software system expansion ca-

pability.

Four basic address spaces support a wide range of mem-
ory configurations. The designer has access to three addi-

tional control registers that allow easy access to register
mapped peripheral and 1/O circuits.

For applications demanding powerful [/O capabilities, the
Z86E30/E31 have 24 pins, and the Z86E40 has 32 pins of
dedicated input and output. These lines are grouped into
four ports, eight lines per port, and are configurable under
software control to provide timing, status signals, and par-

DS97Z8X0500
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ZB6E30/E31/E40
Z8 4K OTP Microcontroller

Zilog

allel I/0 with or without handshake, and address/data bus
for interfacing external memory.

Notes: All Signals with a preceding front slash, /", are

Power connections follow conventional descriptions be-
low:

active Low, for example, B//W (WORD is active Low); /B/W Connection Circuit Device
(BYTE is active Low, only). Power Vee Vop
Ground GND Vss
(E40 Only)
| ' |
Output  Input VCC GND XTAL /AS /DS R//W /RESET
Port 3 Machine Timing
= ) :
lL Instruction Control
Counter/ /1_J RESET
Timers (2) N— ALU WDT, POR
FLAGS 1?
Interrupt | A [
Control N oTp
Register ﬁ
TwoAnalog || Pointer
Comparators [N— Program
Port 2 poto K N Port1

it

(Bit Programmable)

gy

Address or /O
(Nibble Programmable)

Y

Address/Data or /O
(Byte Programmable)

(E40 Only)

Figure 1. Z86E30/E31/E40 Functional Block Diagram
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ZB6E30/E31/E40

log Z8 4K OTP Microcontroller
D7-0
AD 11-0
Z8MCU |
AD 11-0
MSN Address
Port 3 MUX
/M:\ Data
AD 11-0 > EPROM  K—— A1 MUX
D7-0 78
2 TEST ROM A N Port 2
Port 0 A ! v
OTP
> Options
PGM + Test 4 T
Mode Logic |

VPP

P33
/OE
EPM /PGM P31

P32 P30
/CE
XT1
Figure 2. EPROM Programming Block Diagram
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ZBGE30/E31/E40

Z8 4K OTP Microcontroller Zilog
PIN IDENTIFICATION
Table 1. 40-Pin DIP Pin Identification
<7 Standard Mode

Ré/;l\sl E ! 40 3 {DD; Pin # Symbol Function Direction

P26 O 1 P23 1 R/W Read/Write Output

P27 O [ P22 2-4 P25-P27  Port 2, Pins 5,6,7 In/Output

P04 o R P 57 P04-P06  Port0, Pins 4,5,6 In/Output

ggg E ;' Egg 8-9 P14-P15 Port 1, Pins 4,5 In/Output

P14 d ~ P13 10 P07 Port 0, Pin 7 In/Output

P15 O O P12 11 Vee Power Supply

P07 40-Pin DIP GND 12-13 P16-P17  Portd, Pins 6,7 In/Output

VCC & R P02 14 XTAL2 Crystal Oscillator Output

P16 O 0 P11 -

P17 o - P10 15  XTALA Crystal Oscillator Input
XTALZ o 5 POt 16-18 P31-P33 Port 3, Pins 1,2,3 Input
XTAL1 o B POO 19 P34 Port 3, Pin 4 Output

P31 O 0 P30 20 /AS Address Strobe Output

ggg E - ggg 21 /RESET  Reset Input

P34 O L Pas 2 P35 Port 3, an 5 Output

/AS d 20 21 b /RESET 23 P37 Port 3, Pin7 Output

24 P36 Port 3, Pin 6 Output
25 P30 Port 3, Pin 0 Input
Figure 3. 40-Pin DIP Pin Configuration* 26-27 PO00-PO1 Port 0, Pins 0,1  In/Output
Standard Mode 28-29 P10-P11  Port1, Pins 0,1 In/Output
30 P02 Port 0, Pin 2 In/Output
31 GND Ground
32-33 P12-P13  Port1,Pins 2,3 In/Output
34 P03 Port 0, Pin 3 In/Output
35-39 P20-P24 Port 2, Pins In/Output
0,1,2,3,4
40 /DS Data Strobe Output
Notes:

*Pin Configuration and |dentification identical on DIP
and Cerdip Window Lid style packages.
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Zilog Z8 4K OTP Microcontroller
o MMAN ags] N~ OO
fPiicosance
aopnonononnnon
/6 1 40
P21 7 ¢ 39p P30
P22 ¢ 1 P36
P23 O O P37
P24 O O P35
/DS O O /RESET
NC o 44-Pin PLCC H R//RL
R/W O O /AS
P25 O 0 P34
P26 O O P33
P27 O O P32
P04 O 17 291 P31
18 28
gooOoogooooog
©o © e
$Ei5288a5=3
&
Figure 4. 44-Pin PLCC Pin Configuration
Standard Mode
Table 2. 44-Pin PLCC Pin Identification Table 2. 44-Pin PLCC Pin Identification
Pin# Symbol Function Direction Pin# Symbol Function Direction
12 GND Ground 33 /AS Address Strobe Output
34 P12-P13 Port 1, Pins 2,3 In/Output 34 R//RL ROM/ROMIess Input
5 P03 Port 0, Pin 3 In/Output select
6-10 P20-P24 Port 2, Pins In/Output 35 /RESET Reset Input
| 0,1,2,3,4 36 P35 Port 3, Pin 5 Output
11 /DS Data Strobe Output 37 P37 Port3,Pin7  Output
12 NC No Connection 38 P36 Port3,Pin6  Output
13 R//W Read/Write Output 39 P30 Port 3, Pin 0 Input
14-16  P25-P27 Port 2, Pins 5,6,7In/Output 40-41  P00-PO1 Port 0, Pins 0,1 In/Output
- 17-19  P04-P06 Port 0, Pins 4,5,6In/Output 42-43 P10-P11 Port 1, Pins 0,1 In/Output
i 20-21 P14-P15 Port 1, Pins 4,5 In/Output 44 Po2 Port 0, Pin 2 In/Output
l 22 P07 Port 0, Pin7 In/Output
23-24 VCC Power Supply
l 25-26 P16-P17 Port 1, Pins 6,7 In/Output
27 XTAL2 Crystal Oscillator Output
28 XTALA Crystal Oscillator Input
29-31 P31-P33 Port 3, Pins 1,2,3Input
32 P34 Port 3, Pin 4 Output
DS97Z8X0500 PRELIMINARY 5
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SgeN2far-osg
(s o W o TN TR O B O N s VR o TR « T 4 WY 8
pooonoononaoan
33
P21 O 34 3 P30
P22 O D P36
P23 o B P37
P24 O P35
/DS O O /RESET
NC O 44-Pin QFP O R/RL
R/W O 0 /AS
P25 O O P34
P26 O b P33
P27 O 3 P32
P04 44 123 P31
N\ 1° 11
RS S
EEEEEggEEéi
b &
Figure 5. 44-Pin QFP Pin Configuration
Standard Mode
Table 3. 44-Pin QFP Pin Identification Table 3. 44-Pin QFP Pin Identification
Pin# Symbol Function Direction Pin# Symbol Function Direction
1-2 P05-P06 Port 0, Pins 5,6 In/Output 27 P02 Port 0, Pin 2 In/Output
34 P14-P15 Port 1, Pins 4,5 In/Output 28-29 GND Ground
5 Po7 Port 0, Pin7 In/Output 30-31 P12-P13 Port 1, Pins 2,3 In/Output
67 VCC  Power Supply 32 P03 Port 0, Pin 3 In/Output
89 P16-P17 Port 1, Pins 6,7 In/Output 33-37 P20-4 Port2, Pins 0,1,2,3,4 In/Output
10 XTAL2 Crystal Oscillator Output 38 /DS Data Strobe Output
11 XTAL1  Crystal Oscillator Input 39 NC No Connection
- 12-14 P31-P13 Port 3, Pins 1,2,3 Input 40 RI/W Read/Write Output
15 P34 Port 3, Pin 4 Output 41-43  P25-P27 Port 2, Pins 5,6,7 In/Output
16 /AS Address Strobe Output 44 P04 Port 0, Pin 4 In/Output
17 R/RL  ROM/ROMless select Input
18 /RESET Reset Input
19 P35 Port 3, Pin5 Output
20 P37 Port 3, Pin7 Output
21 P36 Port 3, Pin 6 Output
22 P30 Port 3, Pin 0 Input
23-24 P00-P0O1 Port 0, Pin 0,1 In/Output
25-26 P10-P11 Port 1, Pins 0,1 In/Output
6 PRELIMINARY DS97Z8X0500
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log
U/
NC d 1 40 NC
D5 o N D4
D6 O O D3
D7 O 0 D2
A4 O 0 D1
A5 O 3 DO
A6 O O A3
NC O 0 NC
NC O 1 NC
A7 O 40-Pin DIP O GND
VCC O O A2
NC O O NC
NC O NC
NC O M A1
/CE O O A0
/OE O O /PGM
EPM O [ A10
VPP O = A1
A8 3 O A9
NC d 20 21 NC

Figure 6. 40-Pin DIP Pin Configuration*
EPROM Mode

Table 4. 40-Pin DIP Package Pin Identification

EPROM Mode
Pin# Symbol Function Direction
1 NC No Connection
2-4 D5-D7 Data 5,6,7 In/Output
5-7 A4-A6 Address 4,5,6 Input
8-9 NC No Connection
10 A7 Address 7 Input
11 Vee Power Supply
12-14 NC No Connection
15 /CE Chip Select Input
16 /OE Output Enable Input
17 EPM EPROM Prog. Mode  Input
18 VPP Prog. Voltage Input
19 A8 Address 8 Input
20-21 NC No Connection
22 A9 Address 9 Input
23 A1l Address 11 Input
24 A10 Address 10 Input
25 /PGM Prog. Mode Input
26-27 AO0-Al Address 0,1 Input
28-29 NC No Connection
30 A2 Address 2 Input
31 GND Ground
32-33 NC No Connection
34 A3 Address 3 Input
35-39 DO-D4 Data 0,1,2,3,4 In/Output
40 NC No Connection
Note:

*Pin Configuration and Description identical on DIP and Cerdip
Window Lid style packages.
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0o 52 0o
B2z2266%=2=2x8%
nnooaooonnnnn
6 1 40
D1 7 ¢ 39F /PGM
D2 0 A10
D3 0 Al1
D4 0 A9
NC O NC
NC 44 -Pin PLCC n NC
NC 3 NC
D5 O A8
D6 0 VPP
D7 1 EPM
A4 17 290 /OE
18 28
googogooogoOgoaa
2299%882928
> >
Figure 7. 44-Pin PLCC Pin Configuration
EPROM Programming Mode
Table 5. 44-Pin PLCC Pin Configuration Table 5. 44-Pin PLCC Pin Configuration
EPROM Programming Mode EPROM Programming Mode
Pin # Symbol Function Direction Pin # Symbol Function Direction
1-2 GND Ground 31 Vep Prog. Voltage Input
3-4 NC No Connection 32 A8 Address 8 Input
D A3 Address 3 Input 33-35 NC No Connection
6-10 D0-D4  Data0,1,2,3,4  In/Output 36 A9 Address 9 Input
1113 NC No Connelfibg 37 ATi Address 11 Input
14-16 D5-D7 Data 5,6,7 In/Output 38 A10 Address 10 Input
17-19 A4-A6 Address 4,5,6 Input 39 /PGM Prog. Mode Input
2021 NC No Connection 4041 AOA1 _ Address 0,1 Input
22 A7 Address 7 Input 42-43 NC No Connection
2324  VCC Power Supply 44 A2 Address 2 Input
26-27 NC No Connection
28 /CE Chip Select Input
29 /OE Output Enable Input
30 EPM EPROM Prog. Input
Mode
PRELIMINARY DS97Z8X0500
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an
822255388z
nononoononnnonn
33 23
D1 d 34 2P /PGM
D2 O 1 A10
D3 O 0 A1l
D4 O 0 A9
NC O O NC
NC O 44 -Pin QFP 0 NC
NC 0 NC
D5 ¢ 3 A8
D6 O O VPP
D7 O 0 EPM
A4 44 12b /OE
N\ 1° 11
googooQoooooad
22992958892Y
>>
Figure 8. 44-Pin QFP Pin Configuration
EPROM Programming Mode
Table 6. 44-Pin QFP Pin Identification Table 6. 44-Pin QFP Pin ldentification
EPROM Programming Mode EPROM Programming Mode
- Pin# Symbol Function Direction Pin#  Symbol Function Direction
1-2 A5-A6  Address 5,6 Input 23-24  A0,A1  Address 0,1 Input
3-4 NC No Connection 25-26 NC No Connection
5 A7 Address 7 Input 27 A2 Address 2 Input
6-7 Vee Power Supply 28-29 GND  Ground
8-10 NC No Connection 30-31 NC No Connection
11 /CE Chip Select Input 32 A3 Address 3 Input
12 /OE Output Enable Input 33-37 D0-D4 Data0,1,2,3,4 In/Output
13 EPM EPROM Prog. Input 38-40 NC No Connection
Mode 41-43 D5-D7 Data5,6,7 In/Output
14 Vep Prog. Voltage Input 44 A4 Address 4 Input
15 A8 Address 8 Input
16-18 NC No Connection
19 A9 Address 9 Input
20 A11 Address 11 Input
21 A10 Address 10 Input
22 /PGM Prog. Mode Input

DS9728X0500
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28 4K OTP Microcontroller Zilog
\/ -/
P2s 41 28 b P24 D51 28 0 D4
P26 o 0 P23 D6 o 0 D3
P27 0 P22 D7 O 0 D2
P04 O 0 P21 A4 O 2 D1
P05 O O P20 A5 O M DO
P06 O 0 P03 A6 O A3
P07 O 28-Pin DIP [ VSS A7 O 28-Pin DIP b VSS
VCC O D P02 VCC o 1 A2
XTAL2 O 0 PO1 NC O 0 Af
XTAL1 O > P00 /CE O 3 AO
P31 O 5 P30 JOE © 5 /PGM
P32 o P36 EPM O 3 A10
P33 O 1 P37 VPP O O A11
P34 14 151 P35 A8 d 14 1511 A9
]
Figure 9. Standard Mode Figure 10. EPROM Programming Mode
28-Pin DIP/SOIC Pin Configuration* 28-Pin DIP/SOIC Pin Configuration*
&
Table 7. 28-Pin DIP/SOIC/PLCC
Pin Identification*
Pin# Symbol Function Direction
13 P25-P27 Port2, Pins 5,6,  In/Output SNERTEY
4-7 P04-P07  Port 0, Pins 4,5,6,7 In/Output ~T T
8 Vee Power Supply /4 ] 26
] - [ ] -
9 XTAL2 Crystal Oscillator Output P05 5 2SpPA
10 XTALT Crystal Oscillator _ Input ggg . H I‘:ﬁg
| - (= m|
E 11-13 P31-P33  Port 3, Pins 1,2,3 input oL 28-Pin PLCC [ vss
- 14-15 P34-P35 Port 3, Pins 4,5 Output XT2 L po2
| 16 P37 Port 3, P!n 7 Output XT1 O L PO1
17 P36 Port 3, Pin 6 Output P31 o 11 19 b Poo
18 P30 Port 3, Pin 0 Input L2 . 1DB
- 19-21 P00-P02  Port 0, Pins 0,1,2 In/Output N®O<0OMN®OO
22 Vss Ground S O O S
23 P03 Port 0, Pin 3 in/Output
L 24-28 P20-P24  Port 2, Pins In/Output
| 0,1,2,3,4
Notes: .
*Pin Identification and Configuration identical on DIP and anur; 1. g.tandarft:l Mod-e
Cerdip Window Lid style packages. 28-Pin PLCC Pin Configuration
v 10 PRELIMINARY DS97Z8X0500
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TN OUTON
L dialialalalalial
4 1 26
“"A5 5 * 25 DT
A6 O M DO
A7 O M A3
VCC o 28-Pin PLCC 4 VSS
NC O 0 A2
/CE O 0 A1l
11 1
/OE O 12 189:|A0
guogoodd
S0 oo r-O0O0=
< < ~—
$E22z%3

Figure 12. EPROM Programming Mode
28-Pin PLCC Pin Configuration

Table 8. .28-Pin EPROM

Pin Identification*

Pin# Symbo! Function Direction

1-3 D5-D7 Data’%,6,7 In/Output

4-7 A4-A7 Address 4,5,6,7 Input

8 Ve Power Supply

9 NC No connection

10 /ICE Chip Select Input

1" /OE Output Enable Input

12 EPM EPROM Prog. Input
Mode

13 Vpp Prog. Voltage Input

14-15 A8-A9  Address 8,9 Input

16 A1 Address 11 input

17 A10 Address 10 Input

18 /PGM Prog. Mode Input

19-21  A0-A2 Address 0,1,2 Input

22 Vss Ground

23 A3 Address 3 Input

24-28 DO0-D4 Data0,1,2,3,4 In/Output

Notes:

*Pin Identification and Configuration identical on DIP and
Cerdip Window Lid style packages.
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Z86E30/E31/E40

28 4K OTP Microcontroller Zilog
ABSOLUTE MAXIMUM RATINGS

Parameter Min Max Units
Ambient Temperature under Bias —40 +105 C
Storage Temperature —65 +150 C
Voltage on any Pin with Respect to Vgg [Note 1] -0.6 +7 \
Voltage on Vpp Pin with Respect to Vgg -0.3 +7 \'
Voltage on XTAL1 and /RESET Pins with Respect to Vgg [Note 2] -0.6 Vpp+1 \'
Total Power Dissipation 1.21 W
Maximum Allowable Current out of Vgg 220 mA
Maximum Allowable Current into Vpp 180 mA
Maximum Allowable Current into an Input Pin [Note 3] —600 +600 A
Maximum Allowable Current into an Open-Drain Pin [Note 4] —600 +600 A
Maximum Allowable Output Current Sinked by Any 1/O Pin 25 mA
Maximum Allowable Output Current Sourced by Any I/O Pin 25 mA
Maximum Allowable Output Current Sinkedd by /RESET Pin 3mA

Notes:
1. This applies to all pins except XTAL pins and where otherwise noted.
2. There is no input protection diode from pin to Vpp.
3. This excludes XTAL pins.
4. Device pin is not at an output Low state.

- Stresses greater than those listed under Absolute Maxi-  Total power dissipation should not exceed 1.2 W for the
mum Ratings may cause permanent damage to the de-  package. Power dissipation is calculated as follows:

~ vice. This is a stress rating only; functional opération of the
device at any condition above those indicated in the oper-  Total Power Dissipation = Vpp x [ Ipp — (sum of loy) ]
 ational sections of these specifications is not implied. Ex-  + sum of [ (Vpp — Von) X lox ]
~ posure to absolute maximum rating conditions for an ex-  + sum of (Vo X lg.)
- tended period may affect device reliability.

3
s

]

STANDARD TEST CONDITIONS

The characteristics listed below apply for standard test
conditions as noted. All voltages are referenced to
Ground. Positive current flows into the referenced pin
(Test Load).

From Output
Under Test

O

—= 150 pF

Figure 13. Test Load Diagram

12 PRELIMINARY
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CAPACITANCE
Ta =25°C, Voo = GND =0V, f = 1.0 MHz; unmeasured pins returned to GND.

Parameter Min Max
Input capacitance 0 12 pF
Output capacitance 0 12 pF
I/O capacitance 0 12 pF

DC ELECTRICAL CHARACTERISTICS

Ta= 0 °C to +70 °C

Vee Typical
Sym Parameter Note [3] Min Max @ 25°C Units Conditions Notes
VcH Clock Input High 3.5V 0.7Vee  Veet0.3 1.8 V  Driven by External
Voltage 5.5V 0.7 Vee Vce+0.3 25 V  Clock Generator
VoL Clock Input Low 3.5V GND-0.3 0.2V 0.9 V  Driven by External
Voltage 4.5V GND-0.3  0.2Vge 1.5 V  Clock Generator
VIH Input High Voltage 3.5V 0.7Vee  Vget0.3 25 \'
5.5V 0.7Vee  Vpet+0.3 25 \
ViL Input Low Voltage 3.5V GND-0.3  0.2V¢e 1.5 \Y
5.5V GND-0.3  0.2Vg¢ 1.5 \'
VoH Output High Voltage 3.5V Vee-0.4 3.3 V  loy=-05mA
Low EMI Mode 5.5V Vee -0.4 4.8 Vv
VoH1 Output High Voltage 3.5V Vec—0.4 3.3 V.  lgy=-20mA
5.5V VCC—O.4 4.8 \ IOH =-2.0 mA
VoL Output Low Volitage 3.5V 0.4 0.2 V. logL=10 mA
Low EMI Mode 4.5V 0.4 0.2 Y loL=1.0 mA
VoL1 Output Low Voltage 3.5V 04 0.1 V loL=+4.0 mA 8
45V’ 0.4 0.1 V. g =+4.0 mA 8
VoLz Output Low Voltage 3.5V 1.2 0.5 V  loL=+12mA 8
4.5V 1.2 0.5 Vv loL=+ 12 mA 8
VRH Reset Input High 3.5V 8Vce Vee 1.7 \
Voltage 5.5V 8Vee Vee 2.1 \
VAL Reset Input Low 3.5V GND-0.3 0.2Vgc 1.3 \' 13
Voltage 5.5V GND-0.3 o2 Vee 1.7 Vv
VoLr Reset Output Low 3.5V 0.6 0.3 V lgL=1.0mA
Voltage 5.5V 0.6 0.2 \ loL = 1.0 mA
Vorrser Comparator Input 3.5V 25 10 mV
Offset Voltage 4.5V 25 10 mVv
Vicr Input CommonMode 3.5V 0 Ve -1.0V Vv 10
Voltage Range 5.5V 0 Ve -1.0V \Y 10
I Input Leakage 3.5v -1 2 0.032 PA V=0V, Ve
loL Output Leakage 3.5V -1 2 0.032 pA V=0V, Ve
IR Reset Input Current 3.5V -20 -130 -85 A
4.5V —20 -180 =112 HA
DS9728X0500 PRELIMINARY 13
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Ta=0°C to +70 °C
Vee Typical
Sym Parameter Note [3] Min Max @ 25°C Units Conditions Notes
lcc Supply Current 3.5V 20 7 mA @ 16 MHz 4,5
5.5V 25 20 mA @ 16 MHz 45
locy Standby Current 3.5V 8 3.7 mA  V|y=0V,Vee 4,5
Halt Mode 5.5V 8 3.7 mA @ 16 MHz 4,5
3.5V 7.0 2.9 mA  Clock Divide by 4,5
| 5.5V 7.0 2.9 mA 16 @ 16 MHz 4,5
lee2 Standby Current 3.5V 10 2 BA  ViN=0V, Ve 6,11
Stop Mode 5.5V 10 3 pA Vin=0V, Ve 6,11
3.5V 800 600 }lA VIN =0V, VCC 6,11,14
5.5V 800 600 HA Vin = OV, Veg 6,11,14
IALL Auto Latch 3.5V 0.7 8 2.4 HA ov <VIN<VCC 9
Low Current 5.5V 14 15 4.7 HA oV <ViN<Vee 9
( IALH Auto Latch 3.5V 0.6 -5 -1.8 A OV<V|N<VCC 9
High Current 5.5V -1 -8 -3.8 A O0V<V|n<Vee 9
Teor Power On Reset 3.5V 3.0 24 7 ms
5.5V 2.0 13 4 ms
Vi Auto Reset Voltage 2.3 3.1 2.9 \' 1,7
Notes:
1. Device does not function down to the Auto Reset voltage
2. GND=0V
3. The V¢ voltage specification of 5.5V guarantees 5.0V + 0.5V and
the V¢ voltage specification of 3.5V guarantees 3.5V only.
4. All outputs unloaded, I/O pins floating, inputs at rail.
5. CL1=CL2 =22 pF
6. Same as note [4] except inputs at V¢
7. Max. temperature is 70°C
8. STD Mode (not Low EMI Mode)
9. Auto Latch (mask option) selected
10. For analog comparator inputs when analog comparators are
enabled
11. Clock must be forced Low, when XTAL1 is clock driven and XTAL2
is floating
12. Typicals are at Vg = 5.0V and Vg = 3.5V
13. Z86C40 only
14. WOT running
14 PRELIMINARY DS9728X0500
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Ta=—40 °C to +105 °C
Vee Typical
Sym Parameter Note [3] Min Max @ 25°C  Units Conditions Notes
VeH Clock Input High 4.5V 0.7 Vee Veet0.3 25 V  Driven by External
Voltage 5.5V 0.7 Vee Vec+0.3 25 V  Clock Generator
VoL Clock Input Low 4.5V GND-0.3 0.2Vge 1.5 V  Driven by External
Voltage 5.5V GND-0.3 0.2 Vge 1.5 V  Clock Generator
VIH Input High Voltage 4.5V 0.7 Vee Vce+0.3 2.5 \'
5.5V 0.7 Vee Vec+0.3 2.5 \
ViL Input Low Voltage 4.5V GND-0.3 0.2Vce 1.5 \
5.5V GND-0.3 0.2Vee 1.5 \"
Vou Output High 4.5V Vec—0.4 4.8 V. lopy=—-05mA 8
Voltage Low EMI 5.5V Vee—0.4 4.8 V. loy=-05mA 8
Mode
VOH1 Output High Voltage 4.5V Vee-0.4 4.8 V  lgy=-20mA 8
4.5V VCC—O.4 4.8 \ IOH =-2.0 mA 8
VoL Output Low Voltage 4.5V 0.4 0.2 V  lg=1.0 mA
Low EMI Mode 5.5V 04 0.2 \ loL= 1.0 mA
VoL1 Output Low Voltage 4.5V 0.4 0.1 V  lor=+4.0 mA 8
5.5V 0.4 0.1 \Y loL = +4.0 mA 8
Vor2 Output Low Voltage 4.5V 1.2 0.5 V. lo=+12mA 8
5.5V 1.2 0.5 \Y loL=+12mA 8
VRH Reset Input High 3.5V 8 VCC VCC 1.7 Vv 13
Voltage 5.5V 8Vee Vee 2.1 \Y 13
VoLRr Reset Output Low 3.5V 0.6 0.3 V  logo=1.0mA 13
Voltage 5.5V 0.6 0.2 \% loL=1.0mA 13
Vorrser Comparator Input 4.5V 25 10 mV
Oftset Voltage 5.5V 25 10 mV
Vicr Input Common 4.5V 0 Veoe-1.5V \ 10
Mode Voltage 5.5V 0 Vee-1.5V \Y 10
Range
|||_ lnput Leakage 4.5V -1 2 <1 ],LA VIN = OV, VCC
5.5V —1 2 <1 },I.A VIN = OV, VCC
loL Output Leakage 4.5V -1 2 <1 BA  ViN=0V, Ve
5.5V -1 2 <1 HA  Viy=0V, Ve
IR Reset Input Current 4.5V -18 ~180 -112 pA
5.5V -18 -180 -112 ULA
lec Supply Current 4.5V 25 20 mA @ 16 MHz 4,5
5.5V 25 20 mA @ 16 MHz 4,5
lcct . Standby Current 4.5V 8 3.7 mA V=0V, Ve 4,5
Halt Mode @ 16 MHz
5.5V 8 3.7 mA V=0V, Vee 45
@ 16 MHz
lece Standby Current 4.5V 10 2 pPA  Viy=0V, Ve 6,11,14
(Stop Mode) 5.5V 10 3 HA  Viy=0V, Ve 6,11,14
IALL Auto Latch Low 4.5V 1.4 20 4.7 }lA oV < VIN < VCC 9
Current 5.5V 1.4 20 47 HA OV <V < Vee 9
DS9778X0500 PRELIMINARY 15




Z8GE30/E31/EA0

~ Z8 4K OTP Microcontroller Zilog
Ta=—40°C to +105 °C
Vee Typical
Sym Parameter Note [3] Min Max @ 25°C Units Conditions Notes
LaLH Auto Latch High 4.5V -1.0 -10 -3.8 MA OV <V|y<Vee 9
Current 5.5V -1.0 -10 -3.8 MA OV < Vin <Vee 9
Teor  Power On Reset 4.5V 2.0 14 4 mS
5.5V 2.0 14 4 mS
Viy Auto Reset Voltage 2.0 3.3 2.9 \ 1
1. Device does not function down to the Auto Reset voltage
2. GND=0V
3. The V¢ voltage spec. of 5.5V guarantees 5.0V +/- + 0.5V
4, All outputs unloaded, I/O pins floating, inputs at rail
5. CL1=CL2=22pF
6. Same as note [4] except inputs at V¢
7. Max. temperature is 70°C
8. STD Mode (not Low EMI Mode)
9. Auto Latch (mask option) selected
10. For analog comparator inputs when analog comparators are
enabled
11. Clock must be forced Low, when XTAL1 is clock driven and XTAL2
is floating
12, Typicals are at Voo = 5.0V
13. Z86C40 only
14. WDT is not running
16 PRELIMINARY DS9728X0500




Z86E30/E31/E40

Z8 4K OTP Microcontroller

Port 0 1
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I
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)
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)
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—
Port 1 A7-A0 5 { D7-Do IN
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/AS -
/| ®
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@ |
/DS 7
(Read) N
4
Port1 A7- AO D7-D0 OUT
™
1 @ I !
/DS i
(Write)

Figure 14. External /O or Memory Read/Write Timing

Z86C40 Only
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Z86E30/E31/E40

Z8 4K OTP Microcontrolier Zilog
Tp =0°C to 70°C
16 MHz
Note [3]
No Symbol Parameter Vee Min Max Units Notes
1 TdA(AS) Address Valid to /AS Rise 3.5V 25 ns 2
Delay 5.5V 25 ns
2 TdAS(A) /AS Rise to Address Float 3.5V 35 ns 2
Delay 5.5V 35 ns
3 TdAS(DR) /AS Rise to Read Data 3.5V 180 ns 1,2
Req'd Valid 5.5V 180 ns
4 TwAS /AS Low Width 3.5V 40 ns 2
5.5V 40 ns
5 TdAS(DS) Address Float to /DS Fall 3.5V 0 ns
5.5V 0 ns
6 TwDSR /DS (Read) Low Width 3.5V 135 ns 1,2
5.5V 135 ns
7 TwDSW /DS (Write) Low Width 3.5V 80 ns 1,2
5.5V 80 ns
8 TdDSR(DR) /DS Fall to Read Data Req'd 3.5V 75 ns 1,2
Valid 5.5V 75 ns
9 ThDR(DS) Read Data to /DS Rise Hold 3.5V 0 ns 2
Time 5.5V 0 ns
10 TdDS(A) /DS Rise to Address Active 3.5V 50 ns 2
Delay 5.5V 50 ns
11 TdDS(AS) /DS Rise to /AS Fall Delay 3.5V 35 ns 2
5.5V 35 ns
12 TdR/W(AS) R//W Valid to /AS Rise 3.5V 25 ns 2
Delay 5.5V 25 ns
13 TdDS(R/W) /DS Rise to R//W Not Valid 3.5V 35 ns 2
5.5V 35 ns
14 TdDW(DSW)  Write Data Valid to /DS Fall 3.5V 55 25 ns 2
(Write) Delay 5.5V 55 25 ns
15 TdDS(DW) /DS Rise to Write Data Not 3.5V 35 ns 2
Valid Delay 5.5V 35 ns
16 TdA(DR) Address Valid to Read Data 3.5V 230 ns 1,2
Req’d Valid 5.5V 230 ns
17 TdAS(DS) /AS Rise to /DS Fali Delay 3.5V 45 ns 2
5.5V 45 ns
18 TdDM(AS) /DM Valid to /AS Fall Delay 3.5V 30 ns 2
5.5V 30 ns
20 ThDS(AS) /DS Valid to Address Valid 3.5V 35 ns
Hold Time 5.5V 35 ns
Notes:
1. When using extended memory timing add 2 TpC
2. Timing numbers given are for minimum TpC
3. The Vg voltage specification of 5.5V guarantees 5.0V +/- £0.5V and
the V¢ voltage specification of 3.5V guarantees 3.5V only
Standard Test Load
All timing references use 0.7 V¢ for a logic 1 and 0.2 V¢ for a logic 0
For Standard Mode (not Low-EMI Mode for outputs) with SMR D1 =0, DO =0
18 PRELIMINARY DS97Z28X0500




Z86E30/E31/E40

Zilog Z8 4K OTP Microcontroller
Tp =-40°C to 105°C
16 MHz
Note [3]
No Symbol Parameter Vee Min Max Units Notes
1 TdA(AS) Address Valid to /AS Rise 4.5V 25 ns 2
Delay 5.5V 25 ns
2 TdAS(A) /AS Rise to Address Float 4.5V 35 ns 2
Delay 5.5V 35 ns
3 TdAS(DR) /AS Rise to Read Data 4.5V 180 ns 1,2
Req'd Valid 5.5V 180 ns
4 TwAS /AS Low Width 4.5V 40 ns 2
5.5V 40 ns
5 TdAS(DS) Address Float to /DS Fall 4.5V 0 ns
5.5V 0 ns
6 TwDSR /DS (Read) Low Width 4.5V 135 ns 1,2
5.5V 135 ns
7 TwDSW /DS (Write) Low Width 4.5V 80 ns 1,2
5.5V 80 ns
8 TdDSR(DR) /DS Fall to Read Data Req'd 4.5V 75 ns 1,2
Valid 5.5V 75 ns
9 ThDR(DS) Read Data to /DS Rise Hold 4.5V 0 ns 2
Time 5.5V 0 ns
10 TdDS(A) /DS Rise to Address Active 4.5V 50 ns 2
Delay 5.5V 50 ns
11 TdDS(AS) /DS Rise to /AS Fall Delay 4.5V . 35 ns 2
5.5V 35 ns
12  TdR/W(AS) R//W Valid to /AS Rise 4.5V 25 ns 2
Delay 5.5V 25 ns
13 TdDS(R/W) /DS Rise to R//W Not Valid 4.5V 35 ns 2
5.5V 35 ns
14 TdDW(DSW)  Write Data Valid to /DS Fall 4.5V 55 25 ns 2
(Write) Delay 5.5V 55 25 ns
15 TdDS(DW) /DS Rise to Write Data Not 4.5V 35 ns 2
Valid Delay 5.5V 35 ns
16 TdA(DR) Address Valid to Read Data 4.5V 230 ns 1,2
Req'd Valid 5.5V 230 ns
17 TdAS(DS) /AS Rise to /DS Fall Delay 4.5V 45 ns 2
5.5V 45 ns
18 TdDM(AS) /DM Valid to /AS Fall Delay 4.5V 30 ns 2
5.5V 30 ns
20 ThDS(AS) /DS Valid to Address Valid 4.5V 35 ns
; Hold Time 5.5V 35 ns
" Notes:

1. When using extended memory timing add 2 TpC
- 2. Timing numbers given are for minimum TpC

3. The V¢ voltage specification of 5.5V guarantees 5.0V +/- 0.5V and

the V¢ voltage specification of 3.5V guarantees 3.5V only

Standard Test Load
All timing references use 0.7 V¢ for a logic 1 and 0.2 V¢ for a logic 0

For Standard Mode (not Low-EMI Mode for outputs) with SMR D1 =0, DO =0
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ZBBE30/E31/E40
ZB 4K OTP Microcontroller

Zilog
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Figure 15. Additional Timing Diagram
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Z86E30/E31/E40
Zilog 28 4K OTP Microcontroller

| Additional Timing Table (Divide-By-One Mode)
|

f Ta= 0°Cto+70°C T, =-40°Cto +105°C
]

4 MHz 4 MHz
Vee
No Symbol Parameter Note [6] Min Max Min Max  Units Notes
1 TpC Input Clock Period 3.5V 250 DC 250 DC ns 1,7,8
5.5V 250 DC 250 DC ns 1,7,8
2 TrC,TfC  Clock Input Rise & 3.5V 25 25 ns 1,7.8
: Fall Times 5.5V 25 25 ns 1,7,8
| 3 TwC Input Clock Width 3.5V 100 100 ns 1,7,8
I 5.5V 100 100 ns 1,7,8
4  TwTinL Timer Input Low 3.5V 100 100 ns 1,7,8
Width 5.5V 70 70 ns 1,7,8
5  TwTinH Timer Input High 3.5V 5TpC 5TpC 1,7,8
i Width 5.5V 5TpC 5TpC 1,7.8
r 6 TpTin Timer Input Period 3.5V 8TpC 8TpC 1,7,8
5.5V 8TpC 8TpC 1,7,8
7  TiTin, TfTin Timer Input Rise 3.5V 100 100 ns 1,7,8
& Fall Timer 5.5V 100 100 ns 1,7,8
- 8A TwiL Int. Request Low 3.5V 100 100 ns 1,2,7,8
' Time 5.5V 70 70 ns 1,2,7,8
8B TwiL Int. Request Low 3.5V 5TpC 5TpC 1,3,7,8
Time 5.5V 5TpC 5TpC 1,3,7,8
9 TwiH Int. Request Input 3.5V 5TpC 5TpC 1,2,7,8
High Time 5.5V 5TpC 5TpC 1,2,7,8
10 Twsm STOP Mode 3.5V 12 12 ns 4,8
. Recovery Width 5.5V 12 12 ns 4.8
; Spec
1 11 Tost Oscillator Startup 3.5V 5TpC 5TpC 4,8,9
Time 5.5V 5TpC

Notes:
1. Timing Reference uses 0.7 V¢ for a logic 1 and 0.2 V¢ for a logic 0.
2. Interrupt request via Port 3 (P31-P33).
3. Interrupt request via Port 3 (P30).
4. SMR-D5 =1, POR STOP Mode Delay is on.
5. Reg. WDTMR.
6. The V(¢ voltage specification of 5.5V guarantees 5.0V ++/- 0.5V and
the V¢ voltage specification of 3.5V guarantees 3.5V only.
SMR D1 =0.
Maximum frequency for internal system clock is 4 MHz when
using XTAL divide-by-one mode.
9. For RC and LC oscillator, and for oscillator driven by clock driver.

© N
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Z86E30/E31/EAD
- Z8 4K OTP Microcontroller Zilog

- Handshake Timing Diagrams

{(
/)

Data In Data In Valid Next Data In Valid
{(
)
-~ ’J / if 7
/DAV Delayed DAV /
(Input) K 5}(
r4
RDY \ / Delayed RDY /
(Output) ~ 5)(

Figure 16. Input Handshake Timing

{
-\ T
Data Out Data Out Valid " Next Data Out Valid
k-l |
A
/DAY
(Output)
®
RDY
(Input)

Figure 17. Output Handshake Timing
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Zi_1|og

Z86E30/E31/E40

Z8 4K OTP Microcontroller

Additional Timing Table

Ta = -40 °C to +105 °C

16 MHz
Vee
No Symbol Parameter Note [6] Min Max Units Conditions Notes
1 TpC Input Clock Period 3.5V 62.5 DC ns 1,7,8
5.5V 62.5 DC ns 1,7,8
2 TrC,TIC Clock Input Rise & 3.5V 15 ns 1,7,8
Fall Times 5.5V 15 ns 1,7.8
3 TwC Input Clock Width 3.5V 31 ns 1,7,8
5.5V 31 ns 1,7,8
4 TwTinL Timer Input Low 3.5V 70 ns 1,7,8
Width 5.5V 70 ns 1,7,8
5 TwTinH  Timer Input High 3.5V 5TpC 1,7,8
Width 5.5V 5TpC 1,7,8
6 TpTin Timer Input Period 3.5V 8TpC [1,7,8
5.5V 8TpC 1,7,8
7 TrTin, TfTin Timer Input Rise 3.5V 100 ns 1,7,8
& Fall Timer 5.5V 100 ns 1,7,8
8A Twil Int. Request Low 3.5V 70 ns 1,2,7,8
Time 5.5V 70 ns 1,2,7,8
8B TwiL Int. Request Low ~ 3.5V 5TpC 1,3,7,8
Time 5.5V 5TpC 1,3,7,8
9 TwiH Int. Request Input 3.5V 5TpC 1,2,7,8
High Time 5.5V
10 Twsm STOP Mode 3.5V 12 ns 4,8
Recovery Width 5.5V 12 ns 4,8
Spec
11 Tost Oscillator Startup 3.5V 5TpC 4,8
Time 5.5V 5TpC 4,8
12 Twdt Watch-Dog Timer 3.5V 10 ms D0=0 5,11
Delay Time 5.5V 5 ms D1=0 5,11
Betfore Timeout 3.5V 20 ms DO =1 5,11
5.5V 10 ms D1=0 5,11
3.5V 40 ms D0=0 5,11
5.5V 20 ms D1=1 5,11
3.5V 160 ms DO=1 5,11
5.5V 80 ms D1=1 5,11
Notes:
1. Timing Reference uses 0.7 VCC for a logic 1 and 0.2 VCC for a logic 0
2. Interrupt request via Port 3 (P31-P33)
3. Interrupt request via Port 3 (P30)
4. SMR-D5 =1, POR STOP Mode Delay is on
5. Reg. WDTMR
6. The VCC voltage spec. of 5.5V guarantees 5.0V +/- + 0.5V
7. SMRD1=0
8. Maximum frequency for internal system clock is 4 MHz when using
XTAL divide-by-one mode.
9. For RC and LC oscillator, and for oscillator driven by clock driver.
10. Standard Mode (not Low EMI output ports)

. Using internal RC

- DS97Z8X0500
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Z86E30/E31/E40
Z8 4K OTP Microcontroller

Zilog

PIN FUNCTIONS

EPROM Programming Mode

D7-D0 Data Bus. The data can be read from or written to
external memory through the data bus.

A11-A0 Address Bus. During programming, the EPROM
address is written to the address bus.

VCC Power Supply. This pin must supply 5V during the
EPROM read mode and 6V during other modes.

/CE Chip Enable (active Low). This pin is active during
EPROM Read Mode, Program Mode, and Program Verify
Mode.

/OE Output Enable (active Low). This pin drives the direc-
tion of the Data Bus. When this pin is Low, the Data Bus is
output, when High, the Data Bus is input.

EPM EPROM Program Mode. This pin controls the differ-
ent EPROM Program Mode by applying different voltages.

Vpp Program Voltage. This pin supplies the program volt-
age.

/PGM Program Mode (active Low). When this pin is Low,
the data is programmed to the EPROM through the Data
Bus.

Application Precaution

The production test-mode environment may be enabled
accidentally during normal operation if excessive noise
surges above Vg occur on pins XTAL1 and /RESET.

In addition, processor operation of Z8 OTP devices may be
affected by excessive noise surges on the Vpp, /CE, /EPM,
/OE pins while the microcontroller is in Standard Mode.

Recommendations for dampening voltage surges in both
test and OTP mode include the following:

B Using a clamping diode to V¢
W Adding a capacitor to the affected pin

Standard Mode

XTAL Crystal 1 (time-based input). This pin connects a
parallel-resonant crystal, ceramic resonator, LC, RC net-
work, or external single-phase clock to the on-chip oscilla-
tor input.

XTAL2 Crystal 2 (time-based output). This pin connects a
parallel-resonant crystal, ceramic resonator, LC, or RC
network to the on-chip oscillator output.

R//W Read/Write (output, write Low). The R//W signal is
Low when the CCP is writing to the external program or
data memory (Z86E40 only).

/RESET Reset (input, active Low). Reset will initialize the
MCU. Reset is accomplished either through Power-On,
Watch-Dog Timer reset, STOP-Mode Recovery, or exter-
nal reset. During Power-On Reset and Watch-Dog Timer
Reset, the internally generated reset drives the reset pin
low for the POR time. Any devices driving the reset line
must be open-drain in order to avoid damage from a pos-
sible conflict during reset conditions. Pull-up is provided in-
ternally. After the POR time, /RESET is a Schmitt-trig-
gered input.

To avoid asynchronous and noisy reset problems, the
Z86E40 is equipped with a reset filter of four external
clocks (4TpC). If the extemnal reset signal is less than 4TpC
in duration, no reset occurs. On the fifth clock after the re-
set is detected, an internal RST signal is latched and held
for an internal register count of 18 external clocks, or for
the duration of the external reset, whichever is longer. Dur-
ing the reset cycle, /DS is held active Low while /AS cycles
at a rate of TpC/2. Program execution begins at location
000CH, 5-10 TpC cycles after /RESET is released. For
Power-On Reset, the reset output time is 5 ms. The
Z86E40 does not reset WDTMR, SMR, P2M, and P3M
registers on a STOP-Mode Recovery operation.

/ROMless (input, active Low). This pin, when connected to
GND, disables the internal ROM and forces the device to
function as a Z86C90/C89 ROMIless Z8. (Note that, when
left unconnected or pulled High to Vg, the device func-
tions normally as a Z8 ROM version).

Note: When using in ROM Mode in High EMI (noisy) envi-
ronment, the ROMless pins should be connected directly
to Vcc.
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Zilog

Z86E30/E31/E40
Z8 4K OTP Microcontroller

Port 0 (PO7-P00). Port 0 is an 8-bit, bidirectional, CMOS-
compatible 1/0 port. These eight I/O lines can be config-
ured under software control as a nibble /O port, or as an
address port for interfacing external memory. The input
buffers are Schmitt-triggered and nibble programmed. Ei-
ther nibble output that can be globally programmed as
push-pull or open-drain. Low EMI output buffers can be
giobally programmed by the software. Port 0 can be placed
under handshake control. In Handshake Mode, Port 3
lines P32 and P35 are used as handshake control lines.
The handshake direction is determined by the configura-
tion (input or output) assigned to Port 0's upper nibbie. The
lower nibble must have the same direction as the upper
nibble.

For external memory references, Port 0 provides address
bits A11-A8 (lower nibble) or A15-A8 (lower and upper nib-
ble) depending on the required address space. If the ad-
dress range requires 12 bits or less, the upper nibble of
Port O can be programmed independently as 1/O while the
lower nibble is used for addressing. If one or both nibbles
are needed for /O operation, they must be configured by
writing to the Port 0 mode register. In ROMIless mode, after
a hardware reset, Port 0 is configured as address lines
A15-A8, and extended timing is set to accommodate slow
memory access. The initialization routine can include re-
configuration to eliminate this extended timing mode. In
ROM mode, Port 0 is defined as input after reset.

Port 0 can be set in the High-Impedance Mode if selected
as an address output state, along with Port 1 and the con-
trol signals /AS, /DS, and R//W (Figure 18).

DS97Z8X0500 PRELIMINARY
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ZBHBE3O/E31/E40
ZB 4K OTP Microcontroller Zilog

==
=

-———— Handshake Controls
/DAVO and RDYO
————® (P32 and P35)

Port 0 (1/O)

Open-Drain

PAD

Out |—
1.5 <. 2.3V Hysteresis /’;L

I
0<} oq { | Auto Latch
MY l
I
l

Figure 18. Port 0 Configuration
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Zilog

Z86E30/E31/E40
Z8 4K OTP Microcontroller

Port 1 (P17-P10). Port 1 is an 8-bit, bidirectional, CMOS-
compatible port with multiplexed Address (A7-A0) and
Data (D7-DO) ports. These eight /O lines can be pro-
grammed as inputs or outputs or can be configured under
software control as an Address/Data port for interfacing
external memory. The input buffers are Schmitt-triggered

' and the output buffers can be globally programmed as ei-

ther push-pull or open-drain. Low EMI output buffers can

~ be globally programmed by the software. Port 1 can be
- placed under handshake control. In this configuration, Port

|
‘.

3, lines P33 and P34 are used as the handshake controls

RDY1 and /DAV1 (Ready and Data Available). To inter-
face external memory, Port 1 must be programmed for the
multiplexed Address/Data mode. If more than 256 external
locations are required, Port O outputs the additional lines
(Figure 19).

Port 1 can be placed in the high-impedance state along
with Port 0, /AS, /DS, and R//W, allowing the Z86E40 to
share common resources in multiprocessor and DMA ap-
plications.

MCU

W

P

Port 2 (1/O)

Handshake Controls
/DAV1 and RDY1
(P33 and P34)

Open-Drain
OEN I> | ) t
PAD
—o—|
Out
L 4
S5-e—»23VH i
15/] 3V Hysteresis /77
In
N T 1
I
Auto Latch

Figure 19. Port 1 Configuration (Z86E40 Only)
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ZB8G6E30/E31/E40
Z8 4K OTP Microcontroller

Zilog

Port 2 (P27-P20). Port 2 is an 8-bit, bidirectional, CMOS-
compatible 1/0 port. These eight /O lines can be contfig-
ured under software control as an input or output, indepen-
dently. All input buffers are Schmitt-triggered. Bits pro-
grammed as outputs can be globally programmed as
either push-pull or open-drain. Low EMI output buffers can

be globally programmed by the software. When used as an
I/O port, Port 2 can be placed under handshake control.

In Handshake Mode, Port 3 lines P31 and P36 are used as
handshake control lines. The handshake direction is deter-
mined by the configuration (input or output) assigned to bit
7 of Port 2 (Figure 20).

Z86E40
MCU

Y 7 ol

> Port 2 (1/0)

Handshake Controls
/DAV2 and RDY2
(P31 and P36)

Open-Drain

E
ON'DO

PAD

Out

9
TTL Level Shifter

JAN

R = 500 KQ

o —— —

Auto Latch

Figure 20. Port 2 Configuration
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Zilog

ZB86E30/E31/E40
Z8 4K OTP Microcontroller

Port 3 (P37-P30). Port 3 is an 8-bit, CMOS-compatible
port with four fixed inputs (P33-P30) and four fixed outputs
(P37-P34). These eight lines can be configured by soft-
ware for interrupt and handshake control functions. Port 3,
Pin 0 is Schmitt- triggered. P31, P32 and P33 are standard
CMOS inputs with single trip point (no Auto Latches) and
P34, P35, P36 and P37 are push-pull output lines. Low
EMI output buffers can be globally programmed by the
software. Two on-board comparators can process analog
signals on P31 and P32 with reference to the voltage on
P33. The analog function is enabled by setting the D1 of
Port 3 Mode Register (P3M). The comparator output can
be outputted from P34 and P37, respectively, by setting
PCON register Bit DO to 1 state. For the interrupt function,
P30 and P33 are falling edge triggered interrupt inputs.
P31 and P32 can be programmed as falling, rising or both
edges triggered interrupt inputs (Figure 21). Access to
Counter/Timer 1 is made through P31 (Ty\) and P36
(Tour)- Handshake lines for Port 0, Port 1, and Port 2 are
also available on Port 3 (Table 9).

Note: P33-P30 differs from the Z86C30/C31/C40 in that
there is no clamping diode to V¢ due to the EPROM high-
voltage circuits. Exceeding the Vjy maximum specification
during standard operating mode may cause the device to
enter EPROM mode.

DS97Z28X0500
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Zilog

I.

Z86E40
MCU

Port 3
(/O or Control)

Auto Latch
P30 P30 Data
35 Latch IRQ3
R247 = P3M
o, 1 =Analog
| D1 0 = Digital
|
‘v.
, DIG.
P31 (AN1) °\o o IRQ2, Tin, P31 Data Latch
]
A4
|
AN. |
Q'
|
|
|
P32 (AN2) ‘_°\v. o IRQO, P32 Data Latch
+ o
P33 (REF)
o—

| From Stop Mode
Recovery Source

o |RQ1, P33 Data Latch

Figure 21. Port 3 Configuration
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ZB6E30/E31/E40

Zilog Z8 4K OTP Microcontroller
Table 9. Port 3 Pin Assignments

Pin /0 CTC1 Analog Interrupt PO HS P1HS P2 HS Ext
P30 IN IRQ3
P31 IN TN AN1 IRQ2 D/R

E P32 IN AN2 IRQO D/R
P33 IN REF IRQ1 D/R
P34 ouT AN1-Out R/D /DM
P35 ouT R/D

r P36 ouT Tout R/D

[ P37 ouT An2-Out

Comparator Inputs. Port 3, P31, and P32, each have a
comparator front end. The comparator reference voltage
P33 is common to both comparators. In analog mode, P31
and P32 are the positive input of the comparators and P33
is the reference voltage of the comparators.

Auto Latch. The Auto Latch puts valid CMOS levels on all
CMOS inputs (except P33-P31) that are not extemally
driven. Whether this level is 0 or 1, cannot be determined.
A valid CMOS level, rather than a floating node, reduces
excessive supply current flow in the input buffer. Auto
- Latches are available on Port 0, Port 2, and P30. There
are no Auto Latches on P31, P32, and P33.

Low EMI Emission. The Z86E40 can be programmed to
operate in a low EMI Emission Mede in the PCON register.
The oscillator and all I/O ports can be programmed as low
EMI emission mode independently. Use of this feature re-
sults in:

The pre-drivers slew rate reduced to 10 ns typical.

Low EMI output drivers have resistance of 200 Ohms

(typical).
Low EMI Oscillator.

Intemal SCLK/TCLK= XTAL operation limited to a
maximum of 4 MHz - 250 ns cycle time, when Low EM!
Oscillator is selected and system clock (SCLK = XTAL,
SMR Reg. Bit D1 =1).

Note for emulation only:

Do not set the emulator to emulate Port 1 in low EMI
mode. Port 1 must always be configured in Standard
Mode.

DS9728X0500
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Z86E30/E31/E40
Z8 4K OTP Microcontroller

Zilog

FUNCTIONAL DESCRIPTION

 The MCU incorporates the following special functions to
enhance the standard Z8 architecture to provide the user
with increased design flexibility.

. RESET. The device is reset in one of three ways:
: 1. Power-On Reset

2. Watch-Dog Timer

: 3. STOP-Mode Recovery Source

Note: Having the Auto Power-on Reset circuitry built-in,
 the MCU does not need to be connected to an external
power-on reset circuit. The reset time is 5 ms (typical). The
MCU does not re-initialize WDTMR, SMR, P2M, and P3M
' registers to their reset values on a STOP-Mode Recovery
operation.

Note: The device Vg must rise up to the operating Vg
specification before the TPOR expires.

Program Memory. The MCU can address up to 4 KB of
Internal Program Memory (Figure 22). The first 12 bytes of
program memory are reserved for the interrupt vectors.
These locations contain six 16-bit vectors that correspond
to the six available interrupts. For EPROM mode, byte 12
(0O00CH) to address 4095 (OFFFH) consists of program-
mable EPROM. After reset, the program counter points at
the address 000CH, which is the starting address of the
user program.

In ROMless mode, the Z86E40 can address up to 64 KB
of External Program Memory. The ROM/ROMIess option
is only available on the 44-pin devices.

EPROM ROMless
65535
External
ROM and RAM
4096
External
4095 On-Chip One Time PROM ROM and RAM
Location of 12
First Byte of
Instruction 11 IRQ5 IRQ5
Executed
After RESET 10 IRQ5 IRQ5
9 IRQ4 IRQ4
8 - IRQ4 IRQ4
7 IRQ3 IRQ3
Interrupt
Vector _ ¢ IRQ3 IRQ3
(Lower Byte) \
5 ™ IRQ2 IRQ2
4 _Lv IRQ2
Interrupt —" IrQ2 Q
Vector IRQ1 IRQ1
(Upper Byte)
2 IRQ1 IRQA1
1 iIRQO IRQO
0 IRQO IRQO

Figure 22. Program Memory Map
(ROMless Z86E40 Only)
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Z86E30/E31/E40
Z8 4K OTP Microcontroller

EPROM Protect. When in ROM Protect Mode, and exe-
- cuting out of External Program Memory, instructions LDC,
~ LDCI, LDE, and LDEI cannot read Internal Program Mem-

- ory.

When in ROM Protect Mode and executing out of Internal
Praogram Memory, instructions LDC, LDCI, LDE, and LDEI
can read Internal Program Memory.

Data Memory (/DM). In EPROM Mode, the Z86E40 can
address up to 60 KB of external data memory beginning at

location 4096. In ROMIess mode, the Z86E40 can address
up to 64 KB of data memory. External data memory may
be included with, or separated from, the external program
memory space. /DM, an optional I/O function that can be
programmed to appear on pin P34, is used to distinguish
between data and program memory space (Figure 23).
The state of the /DM signal is controlled by the type of in-
struction being executed. An LDC opcode references
PROGRAM (/DM inactive) memory, and an LDE instruc-
tion references data (/DM active Low) memory.

EPROM ROMless
65535
External External
Data Data
Memory Memory
4096
4095
Not Addressable
0

Figure 23. Data Memory Map
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Expanded Register File (ERF). The register file has been
expanded to allow for additional system control registers,
mapping of additional peripheral devices and input/output
ports into the register address area. The Z8 register ad-
dress space RO through R15 is implemented as 16 groups
of 16 registers per group (Figure 26). These register
groups are known as the Expanded Register File (ERF).

The low nibble (D3-D0) of the Register Pointer (RP) select
the active ERF group, and the high nibble (D7-D4) of reg-
ister RP select the working register group. Three system
configuration registers reside in the Expanded Register
File at bank FH: PCON, SMR, and WDTMR. The rest of
the Expanded Register is not physically implemented and
is reserved for future expansion.

R253 RP

Register File. The register file consists of three /O port
registers, 236/125 general-purpose registers, 15 control
and status registers, and three system configuration regis-
ters in the expanded register group. The instructions can
access registers directly or indirectly through an 8-bit ad-
dress field. This allows a short 4-bit register address using
the Register Pointer (Figure 24). In the 4-bit mode, the reg-
ister file is divided into 16 working register groups, each
occupying 16 continuous locations. The Register Pointer
addresses the starting location of the active working-regis-
ter group.

Note: Register Bank EO-EF can only be accessed through
working register and indirect addressing modes. (This
bank is available in ZB6E30/E40 only.)

D7| Dé| D5| D4| D3| D2| D1

DO

Expanded Register Group

Working Register Group

Default setting after RESET = 00000000

Figure 24. Register Pointer Register
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70
6F

60
5F

50
4F

40
3F

30
2F

20
1F

OF

r7 6 15 r4 3 2 1 ro

The upper nibble of the register file address

provided by the register pointer specifies
the active working-register group.

Specified Working
Register Group

Register Group 1

Register Group 0
I/O Ports

* Expanded Register Group (0) is selected
in this figure by handling bits D3 to DO as
"0" in Register R253 (RP).

Figure 25. Register Pointer

<

R253
(Register Pointer)

Note: Registers 80H
through EFH are
available in the Z86C30
only.

The lower nibble
of the register
file address
provided by the
instruction points
to the specified
register.

R15to RO

R15 to R4*

R3 to RO*

DS97Z8X0500
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Z8° STANDARD CONTROL REGISTERS

RESET CONDITION
| D7|De] D5| D4| 03[02] D1]DO |

REGISTER
REGISTER POINTER % FF SPL olojJo|Jo]o]o]o]o
{7[ 6] s]4]s][2]1]0] % FE SPH oloJoJoJojJo]o]o
Working Register Expanded Register %D AP 010f{01010401010
Group Pointer Group Pointer % FC FLAGS ujujujufujujuju
% FB IMR olujujululujulu
% FA IRQ ojojojojojojojo
% F9 IPR vjujujujujujulu
1 % F8 PO1M olt1jojo|1]1]oO]1
% F7 P3M ojojojojojojoj]o
* % F6 P2M 1111t ty1]1]1
78 Reg. File % F5 PREO ujujujujujujujo
%FF % F4 TO ujujujujujujulu
%FO % F3 PRE1 Ufuvtujujujujojo
ZBEESO/E4D Only % F2 T ulululufulufufu
% F1 TMR olojojojojojo]o
% FO Reserved
EXPANDED REG. GROUP (F)
y REGISTER RESET CONDITION
& % (F) OF WDTMR ujuvjujogt1jt]o]1
SU——— ZBBE30/E40 Only % (F) OE Reserved
%7F *I %(@EoD SMR2 ujujulutuljujo]o
% (F) 0C Reserved
1 %(ros SMR oJof1]lolofo]ojo
% (F) OA Reserved
% (F) 09 Reserved
Reserved % (F) 08 Reserved
% (F) 07 Reserved
%OF % (F) 06 Reserved
%00 % (F) 05 Reserved
% (F) 04 Reserved
% (F) 03 Reserved
% (F) 02 Reserved
% (F) 01 Reserved
% (F) 00 PCON 11111t 1]1]t]o
EXPANDED REG. GROUP (0)
Notes: REGISTER RESET CONDITION
. U = Unknown *1 % (0)03 P3 {11 ]1juUfuju]u
' 1 For Z86E40 (ROMless) reset condition: "10110110" *1 % (0)02 P2 ulululutulululu
* Wil not be reset with a STOP Mode Recovery % (0) 01 P1 viululululululu
** Will not be reset with a STOP Mode Recovery, except Bit DO. % (0) 00 PO ulululululululu

Figure 26. Expanded Register File Architecture
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General-Purpose Registers (GPR). These registers are
undefined after the device is powered up. The registers
keep their last value after any reset, as ong as the reset
occurs in the Vg voltage-specified operating range. The
register R254 is general-purpose on Z86E30/E31. R254
and R255 are set to 00H after any reset or STOP-Mode re-
covery.

RAM Protect. The upper portion of the RAM's address
spaces 80H to EFH (excluding the control registers) can
be protected from reading and writing. This option can be
selected during the EPROM Programming Mode. After this
option is selected, the user can activate this feature from
the internal EPROM. D6 of the IMR control register (R251)
is used to turn off/on the RAM protect by loadinga 0 or 1,
respectively. A 1 in D6 indicates RAM Protect enabled.
RAM Protect is not available on the Z86E31.

Stack. The Z86E40 external data memory or the internal
register file can be used for the stack. The 16-bit Stack
Pointer (R254-R255) is used for the external stack, which
can reside anywhere in the data memory for ROMIess
mode, but only from 4096 to 65535 in ROM mode. An 8-bit
Stack Pointer (R255) is used for the internal stack on the
ZB6E30/E31/E40 that resides within the 236 general-pur-
pose registers (R4-R239). SPH (R254) can be used as a
general-purpose register when using internal stack only.
R254 and R255 are set to O0H after any reset or STOP-
Mode Recovery.

Counter/Timers. There are two 8-bit programmable
counter/timers (TO and T1), each driven by its own 6-bit
programmable prescaler. The T1 prescaler is driven by in-
ternal or external clock sources; however, the TO prescaler
is driven by the internal clock only (Figure 27).

The 6-bit prescalers can divide the input frequency of the
clock source by any integer number from 1 to 64. Each
prescaler drives its counter, which decrements the value
(1 to 256) that has been loaded into the counter. When the
counter reaches the end of count, a timer interrupt request,
IRQ4 (TO) or IRQS5 (T1), is generated.

DS9728X0500
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The counters can be programmed to start, stop, restart to
continue, or restart from the initial value. The counters can
also be programmed to stop upon reaching zero (single
pass mode) or to automatically reload the initial value and
continue counting (modulo-n continuous mode).

The counters, but not the prescalers, can be read at any
time without disturbing their value or count mode. The
clock source for T1 is user-definable and can be either the

internal microprocessor clock divided by four, or an exter-
nal signal input through Port 3. The Timer Mode register
configures the external timer input (P31) as an external
clock, a trigger input that can be retriggerable or non-retrig-
gerable, or as a gate input for the internal clock. Port 3 line
P36 serves as a timer output (ToyT) through which TO, T1
or the internal clock can be output. The counter/timers can
be cascaded by connecting the TO output to the input of
T1.

0sC
._
D1 (SMR) Internal Data Bus
Wirite + U Write + lL Read * ﬁ
+2
PREO TO TO
Initial Value Initial Value Current Value
Y Register Register Register
DO (SMR) l L l L ]/
6-Bit 8-l?it ‘
+16 = S Down = Down |
Counter Counter IRQ4
Internal
Clock
+2 | . TOUT
External Clock P36
Clock
Logic
6-Bit 8-Bit IRQ5
| +4 Down ] Down
\ J Counter Counter ———1
Internal Clock ﬁ TT
Gated Clock PRE1 T1 T1
Triggered Clock Initial Value Initial Value Current Value
Register Register Register
TIN P31

we" J[

wo! 1]

Read 4 u

Internal Data Bus

Figure 27. Counter/Timer Block Diagram
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interrupts. The MCU has six different interrupts from six  in counter/timers. The Interrupt Mask Register globally or
different sources. The interrupts are maskable and priori-  individually enables or disables the six interrupt requests
tized (Figure 28). The six sources are divided as follows:  (Table 10).

four sources are claimed by Port 3 lines P33-P30) and two

IRQO [RQ2

IRQ1, 3,4,5 ‘ ‘

Interrupt

Select

1

IRQ
W4z }
® o o . ® [ J
| S |
IMR
6
//
Global IPR
Interrupt
Enable lL

Interrupt Priority
————————|
Request ® Logic

Vector Select

Figure 28. Interrupt Block Diagram

Table 10. Interrupt Types, Sources, and Vectors

Name Source Vector Location Comments

IRQO /DAVO, IRQO 0,1 External (P32), Rising/Falling Edge Triggered
IRQ1 IRQ1 2,3 External (P33), Falling Edge Triggered

IRQ2 /DAV2, IRQ2, Ty 4,5 External (P31), Rising/Falling Edge Triggered
IRQ3 IRQ3 6,7 External (P30), Falling Edge Triggered

IRQ4 TO 8,9 Internal

IRQ5 Ti 10, 11 Internal
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When more than one interrupt is pending, priorities are re-
solved by a programmable priority encoder that is con-
trolled by the Interrupt Priority Register (IPR). An interrupt
machine cycle is activated when an interrupt request is
granted. Thus, disabling all subsequent interrupts, saves
the Program Counter and Status Flags, and then branches
to the program memory vector location reserved for that in-
terrupt. All interrupts are vectored through locations in the
program memory. This memory location and the next byte
contain the 16-bit starting address of the interrupt service
routine for that particular interrupt request.

To accommodate polled interrupt systems, interrupt inputs
are masked and the interrupt request register is polled to
determine which of the interrupt requests need service.

An interrupt resulting from AN1 is mapped into IRQ2, and
an interrupt from AN2 is mapped into IRQO. Interrupts
IRQ2 and IRQO0 may be rising, falling or both edge trig-
gered, and are programmable by the user. The software
may poll to identify the state of the pin.

Programming bits for the Interrupt Edge Select are located
in bits D7 and D6 of the IRQ Register (R250). The config-
uration is shown in Table 11.

Table 11. IRQ Register Configuration

IRQ Interrupt Edge
D7 D6 P31 P32
0 0 F F
0 1 F R
1 0 R F
1 1 R/F R/F
Notes:
F = Falling Edge
R = Rising Edge

Clock. The on-chip oscillator has a high-gain, parallel-res-
onant amplifier for connection to a crystal, RC, ceramic
resonator, or any suitable external clock source (XTAL1 =
Input, XTAL2 = Output). The crystal should be AT cut, 10
KHz to 16 MHz max, with a series resistance (RS) less
than or equal to 100 Ohms.

The crystal should be connected across XTAL1 and
XTAL2 using the vendor's recommended capacitor values
from each pin directly to device pin Ground. The RC oscil-
lator option can be selected in the programming mode.
The RC oscillator configuration must be an external resis-
tor connected from XTAL1 to XTAL2, with a frequency-set-
ting capacitor from XTAL1 to Ground (Figure 29).

— XTAL1 XTAL1 | XTAL1 _D°_ XTAL1
ct f
& XTAL2 XTAL2 | XTAL2 - XTAL2
c2 f
Ceramic Resonator or LC RC External Clock
Crystal C1,C2 =22 pF @ 5V Vcce (TYP)
C1,C2=47pFTYP*
F =8 MHz L=130puH* C1 =100 pF
F=3MHz* R=2K
F =6 MHz

* Typical value including pin parasitics

Figure 29. Oscillator Configuration
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~ Power-On Reset (POR). A timer circuit clocked by a ded-
- icated on-board RC oscillator is used for the Power-On Re-
- set (POR) timer function. The POR timer allows V¢ and
the oscillator circuit to stabilize before instruction execu-
tion begins.

The POR timer circuit is a one-shot timer triggered by one
of three conditions:

1. Power fail to Power OK status
2. STOP-Mode Recovery (if D5 of SMR=0)
3. WDT time-out

The POR time is a nominal 5 ms. Bit 5 of the STOP mode
Register (SMR) determines whether the POR timer is by-
passed after STOP-Mode Recovery (typical for an external
clock and RC/LC oscillators with fast start up times).

HALT. Turns off the internal CPU clock, but not the XTAL
oscillation. The counter/timers and external interrupt IRQO,
IRQ1, and IRQ2 remain active. The device is recovered by
interrupts, either externally or internally generated. An in-
terrupt request must be executed (enabled) to exit HALT
mode. After the interrupt service routine, the program con-
tinues from the instruction after the HALT.

In order to enter STOP or HALT mode, it is necessary to
first flush the instruction pipeline to avoid suspending exe-
cution in mid-instruction. To do this, the user must execute
a NOP (opcode=FFH) immediately before the appropriate
sleep instruction, that is:

FF NOP ; clear the pipeline
6F STOP ; enter STOP
:mode
or
FF NOP ; clear the pipeline
7F HALT ; enter HALT mode

STOP. This instruction turns off the internal clock and ex-
ternal crystal oscillation and reduces the standby current
to 10 microamperes or less. STOP mode is terminated by
one of the following resets: either by WDT time-out, POR,
a STOP-Mode Recovery Source, which is defined by the
SMR register or external reset. This causes the processor
to restart the application program at address 000CH.

Port Configuration Register (PCON). The PCON regis-
ter configures the ports individually; comparator output on
Port 3, open-drain on Port 0 and Port 1, low EMI on Ports
0, 1, 2 and 3, and low EMI oscillator. The PCON register is
located in the expanded register file at Bank F, location 00
(Figure 30).
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PCON (FH) 00H

D4 D2 | D1

D7| D6 | D5 D3

DO

L

Comparator Output Port 3
0 P34, P37 Standard Output*
1 P34, P37 Comparator Output

0 Port1 Open Drain
1 Port 1 Push-pull Active*

0 Port0 Open Drain
1 Port 0 Push-pull Active*

0 Port0 Low EMI
1 Port0 Standard*

Port 1 Low EMI
Port 1 Standard*

Port 2 Low EMI
Port 2 Standard*

Port 3 Low EMI
Port 3 Standard*

- =0 =<0

* Default Setting After Reset

Low EMI Oscillator
0 Low EMI
1 Standard*

Figure 30. Port Configuration Register (PCON)
(Write Only)

Comparator Output Port 3 (D0). Bit 0 controls the com-
parator output in Port 3. A "1" in this location brings the
comparator outputs to P34 and P37, and a "0" releases the
Port to its standard I/O configuration. The default value is
0.

Port 1 Open-Drain (D1). Port 1 can be configured as an
open-drain by resetting this bit (D1=0) or configured as
push-pull active by setting this bit (D1=1). The default val-
ueis 1.

Port 0 Open-Drain (D2). Port 0 can be configured as an
open-drain by resetting this .bit (D2=0) or configured as
push-pull active by setting this bit (D2=1). The defauit val-
ueis 1.

Low EMI Port 0 (D3). Port 0 can be configured as a Low
EMI Port by resetting this bit (D3=0) or configured as a
Standard Port by setting this bit (D3=1). The default value
is 1.

Low EMI Port 1 (D4). Port 1 can be configured as a Low
EMI Port by resetting this bit (D4=0) or configured as a
Standard Port by setting this bit (D4=1). The default value
is 1. Note: The emulator does not support Port 1 low EMI
mode and must be set D4 = 1.

Low EMI Port 2 (D5). Port 2 can be configured as a Low
EMI Port by resetting this bit (D5=0) or configured as a
Standard Port by setting this bit (D5=1). The default value
is 1.

Low EMI Port 3 (D6). Port 3 can be configured as a Low
EMI Port by resetting this bit (D6=0) or configured as a
Standard Port by setting this bit (D6=1). The default value
is 1.

Low EMI OSC (D7). This bit of the PCON Register con-
trols the low EMI noise oscillator. A "1" in this location con-
figures the oscillator with standard drive. While a "0" con-
figures the oscillator with low noise drive, however, it does
not affect the relationship of SCLK and XTAL. The low EMI

DS8778X0500
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mode will reduce the drive of the oscillator (OSC). The de-
fault value is 1. Note: 4 MHz is the maximum external
clock frequency when running in the low EMI oscillator
mode.

STOP-Mode Recovery Register (SMR). This register se-
" lects the clock divide value and determines the mode of
- STOP-Mode Recovery (Figure 31). All bits are Write Only

SMR (F) 0B

D7|D6| D5| D4| D3| D2} D1| DO

—

except bit 7 which is a Read Only. Bit 7 is a flag bit that is
hardware set on the condition of STOP Recovery and re-
set by a power-on cycle. Bit 6 controls whether a low or
high level is required from the recovery source. Bit 5 con-
trols the reset delay after recovery. Bits 2, 3, and 4 of the
SMR register specify the STOP-Mode Recovery Source.
The SMR is located in Bank F of the Expanded Register
Group at address OBH.

SCLK/TCLK Divide by 16
0 OFF™**
1 ON

External Clock Divide by 2
0 SCLK/TCLK =XTAL/2*
1 SCLK/TCLK =XTAL

Stop Mode Recovery Source

000 POR and/or External Reset*
001 P30

010 P31

011 P32

100 P33

101 P27

110 P2 NOR 0:3

111 P2 NOR 0:7

Stop Delay
0 OFF
1 ON*

Stop Recovery Level
0 Low™
1 High

* Default setting after RESET.

Stop Flag
0 POR*
1 Stop Recovery

** Default setting after RESET and STOP-Mode Recovery.

Figure 31. STOP-Mode Recovery Register
(Write-Only Except Bit D7, Which is Read-Only)
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SCLK/TCLK Divide-by-16 Select (D0). This bit of the
SMR controls a divide-by-16 prescaler of SCLK/TCLK.
The purpose of this control is to selectively reduce device
power consumption during normal processor execution
(8CLK control) and/or HALT mode (where TCLK sources
counter/timers and interrupt logic).

External Clock Divide-by-Two (D1). This bit can elimi-
nate the oscillator divide-by-two circuitry. When this bit is
0, the System Clock (SCLK) and Timer Clock (TCLK) are
aqual to the external clock frequency divided by two. The
SCLK/TCLK is equal to the external clock frequency when
this bit is set (D1=1). Using this bit together with D7 of

PCON further helps lower EMI (i.e., D7 (PCON) = 0, D1
(SMR) = 1). The default setting is zero.

STOP-Mode Recovery Source (D2, D3, and D4). These
three bits of the SMR register specify the wake up source
of the STOP-Mode Recovery (Figure 32). Table 12 shows
the SMR source selected with the setting of D2 to D4. P33-
P31 cannot be used to wake up from STOP mode when
programmed as analog inputs. When the STOP-Mode Re-
covery sources are selected in this register then SMR2
register bits DO, D1 must be set to zero.

Note: If the Port2 pin is configured as an output, this output
level will be read by the SMR circuitry..

SMR2 D1 DO
00
SMR2 D1 DO SMR2 D1 DO
yoo 01 10
& P20___
P23 P27
SMR D4 D3 D2
000
VDD SMR D4 D3 D2 SMR D4 D3 D2 SMR D4 D3 D2 SMR D4 D3 D2 SMR D4 D3 D2

P30

[

P32

i1 1

0 0 1 1 0 0 10 1
01 0
01 1 P20
P33 P27
P23

To POR
o E RESET
Stop-Mode Recovery Edge I
Select (SMR)
To P33 Data
Latch and IRQ1
P33 From Pads MUX >
|
Digital/Analog Mode
Select (P3M)
Figure 32. STOP-Mode Recovery Source
DS9728X0500 PRELIMINARY 45



Z86E30/E31/E40
Z8 4K OTP Microcontroller

Zilog

Table 12. STOP-Mode Recovery Source

D4 D3 D2 SMR Source selection

0 0 0  POR recovery only

0 0 1 P30 transition

0 1 0 P31 transition (Not in analog
mode)

0 1 1 P32 transition (Not in analog
mode)

1 0 0 P33 transition (Not in analog
mode)

1 0 1 P27 transition

1 1 0 Logical NOR of Port 2 bits 0-3

1 1 1 Logical NOR of Port 2 bits 0-7

STOP-Mode Recovery Delay Select (D5). The 5 ms RE-
SET delay after STOP-Mode Recovery is disabled by pro-
gramming this bit to a zero. A 1 in this bit will cause a 5 ms
RESET delay after STOP-Mode Recovery. The default
condition of this bit is 1. If the fast wake up mode is select-
ed, the STOP-Mode Recovery source needs to be kept ac-
tive for at least 5TpC.

STOP-Mode Recovery Level Select (D6). A 1 in this bit
defines that a high level on any one of the recovery sourc-
es wakes the MCU from STOP mode. A 0 defines low level
recovery. The defauit value is 0.

Cold or Warm Start (D7). This bit is set by the device
upon entering STOP mode. A "0" in this bit indicates that
the device has been reset by POR (cold). A "1" in this bit
indicates the device was awakened by a SMR source
(warm).

STOP-Mode Recovery Register 2 (SMR2). This register
contains additional Stop-Mode Recovery sources. When
the Stop-Mode Recovery sources are selected in this reg-
ister then SMR Register. Bits D2, D3, and D4 must be 0.

SMR:10 Operation
™M DO Description of Action
0 0 POR and/or external reset recovery
0 1 Logical AND of P20 through P23
1 0 Logical AND of P20 through P27

Watch-Dog Timer Mode Register (WDTMR). The WDT
is a retriggerable one-shot timer that resets the Z8 if it
reaches its terminal count. The WDT is disabled after Pow-
er-On Reset and initially enabled by executing the WDT in-
struction and refreshed on subsequent executions of the
WDT instruction. The WDT is driven either by an on-board
RC oscillator or an external oscillator from XTAL1 pin. The

POR clock source is selected with bit 4 of the WDT regis-
ter.

Note: Execution of the WDT instruction affects the Z (Ze-
ro), S (Sign), and V (Overflow) flags.

WDT Time-Out Period (DO and D1). Bits 0 and 1 control
a tap circuit that determines the time-out periods that can
beobtained (Table 13). The default value of DO and D1
are 1 and 0, respectively.

Table 13. Time-out Period of WDT

Time-out of Time-out of
the Internal the System

D1 DO RC OSC Clock
0 0 5ms 128 SCLK
0 1 10 ms* 256 SCLK*
1 0 20 ms 512 SCLK
1 1 80 ms 2048 SCLK

Notes:
*The default setting is 10 ms.

WDT During HALT Mode (D2). This bit determines
whether or not the WDT s active during HALT mode. A *1"
indicates that the WDT is active during HALT. A "0" dis-
ables the WDT in HALT mode. The default value is 1.

WDT During STOP Mode (D3). This bit determines
whether or not the WDT is active during STOP mode. A 1
indicates active during STOP. A "0" disables the WDT dur-
ing STOP mode. This is applicable only when the WDT
clock source is the internal RC oscillator.

Clock Source For WDT (D4). This bit determines which
oscillator source is used to clock the intemal POR and
WDT counter chain. If the bit is a 1, the internal RC oscil-
lator is bypassed and the POR and WDT clock source is
driven from the external pin, XTAL1, and the WDT is
stopped in STOP mode. The default configuration of this
bit is 0, which selects the RC oscillator.

Permanent WDT. When this feature is enabled, the WDT
is enabled after reset and will operate in Run and Halt
mode. The control bits in the WDTMR do not affect the
WDT operation. If the clock source of the WDT is the inter-
nal RC oscillator, then the WDT will run in STOP mode. If
the clock source of the WDT is the XTAL1 pin, then the
WDT will not run in STOP mode.

Note: WDT time-out in Stop-Mode will not reset
SMR,SMR2,PCON, WDTMR, P2M, P3M, Ports 2 & 3 Data
Registers.

WDTMR Register Accessibility. The WDTMR register is
accessible only during the first 60 internal system clock
cycles from the execution of the first instruction after Pow-
er-On Reset, Watch-Dog reset or a STOP-Mode Recovery
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- (Figures 33 and 34). After this point, the register cannotbe ~ WDTMR cannot be read and is located in Bank F of the Ex-
 modified by any means, intentional or otherwise. The  panded Register Group at address location OFH.

WDTMR (F) OF
p7| D6| D5| D4| D3| D2| D1] DO

WDTTAP INTRC OSC System Clock
00 5ms 128 SCLK
01* 10 ms 256 SCLK
10 20 ms 512 SCLK
11 80 ms 2048 SCLK

WDT During HALT

0 OFF

1 ON*

WDT During STOP

0 OFF

1 ON*

XTAL1/INT RC Select for WDT
0 On-Board RC *

1 XTAL

Reserved (Must be 0)

* Default setting after RESET

Figure 33. Watch-Dog Timer Mode Register
Write Only
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/Reset —— 4 Clock
)— Soc [Clear 18 Glock RESET
‘ CLK Generator RESET

Internal
/RESET

WDT Select 1
(WDTMR) { wor mp seLect |
CLK Source
Select
(WDTMR)
XTAL \ 4 M 5ms POR 5ms 15ms 25ms 100ms
ul | CK WDT/POR Counter Chain
Internal X /GLR
RC OSC.

2V Operating
VDD —+\Voitage Det.
VLV —

WDT

From Stop
Mode =0~

Recovery 1 ©
Source 1

Stop Delay
Select (SMR)

Figure 34. Resets and WDT

Auto Reset Voltage. An on-board Voltage Comparator
checks that Vi is at the required level to ensure correct
operation of the device. Reset is globally driven if Vg is
below V| (Figure 35).

Note: V¢ must be in the allowed operating range prior to
the minimum Power-On Reset time-out (TpgR)-
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Figure 35. Typical Z86E40 Vy Voltage vs Temperature
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Zilog

EPROM MODE.

Table 14 shows the programming voltages of each pro-
gramming mode. Table 15, Figures 38, 39, and 40 show
the programming timing of each programming mode. Fig-
ure 41 shows the circuit diagram of a Z86E40 program-
ming adaptor, which adapts from 2764A to Z86E40. Fig-
ure 43 shows the flow-chart of an Intelligent Programming
Algorithm, which is compatible with 2764A EPROM
(Z86E40 is 4K EPROM, 2764A is 8K EPROM). Since the
EPROM size of ZB6E30/E31/E40 differs from 2764A, the
programming address range has to be set from 0000H to
OFFFH for the Z86E30/E40 and 0000H to O7FFH for
Z86E31. Otherwise, the upper portion of EPROM data will
overwrite the lower portion of EPROM data. Figure 39
~ shows the adaptation from the 2764A to Z86E30/E31.

Note: EPROM Protect feature allows the LDC, LDCI, LDE,
and LDEI instructions from internal program memory. A
- ROM look-up table can be used with this feature.

During programming, the Vpp input pin supplies the pro-
gramming voltage and current to the EPROM. This pin is
also used to latch which EPROM mode is to be used (R'W
EPROM or R/W Option bits). The mode is set by placing
the correct mode number on the least significant bits of the
address and raising the EPM pin above V. After a setup
time, the Vpp pin can then be raised or lowered. The

latched EPROM mode will remain until the EPM pin is re-
duced below V.

Mode Name Mode # LSB Addr
EPROM R/'W 0 0000
Option Bit R/'W 3 0011

EPROM R/W mode allows the programming of the user
mode program ROM.

Option Bit R/W allows the programming of the Z8 option
bits. When the device is latched into Option Bit R/W mode,
the address must then be changed to 63 decimals
(000000111111 Binary). The Options are mapped into this
address as follows:

@

Option
Unused
Unused
32 KHz XTAL Option
Permanent WDT
Auto Latch Disable
RC Oscillator Option
RAM Protect
ROM Protect

O -~ N WL

Table 14 gives the proper conditions for EPROM R/W op-
erations, once the mode is latched.

Table 14. EPROM Programming Table

Programming

Modes Vep EPM ICE /OE /PGM ADDR DATA Vee
EPROM READ1 X VH VL ViL ViH ADDR Out 4.5Vt
EPROM READ2 X VH ViL ViL Vi ADDR Out 5.5Vt
PROGRAM Vpp VH V"_ VIH V||_ ADDR In 6.4V
PROGRAM Vpp Vy ViL Vi ViH ADDR Out 6.0V
VERIFY
OPTION BIT PGM Vep Vy ViL Vi ViL 63 IN 6.4V
OPTION BIT READ X Vy ViL ViL VIH 63 ouT 6.0V
Notes:

VE=13.0V+0.1V

Vi = As per specific Z8 DC specification.

- VIL= As per specific Z8 DC specification.

X=Not used, but must be set to V, V|3, or V)._level.

NU = Not used, but must be set to either V| or V;_level.

Ipp during programming = 40 mA maximum.

loc during programming, verify, or read = 40 mA maximum,

*Vc has a tolerance of £0.25V.

T Zilog recommends an EPROM read at Voo =4.5Vand 5.5V to
ensure proper device operations during the V¢ after programming,
but Vge = 5.0 Vis acceptable.
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Z!llog Z8 4K OTP Microcontroller
Table 15. EPROM Programming Timing
Parameters Name Min Max Units
1 Address Setup Time 2 usp
2 Data Setup Time 2 us
3 Vpp Setup 2 us
4 Ve Setup Time 2 us
5 Chip Enable Setup Time 2 us
6 Program Pulse Width 0.95 1.05 ms
7 Data Hold Time 2 us
8 /OE Setup Time 2 TE]
9 Data Access Time 200 ns
10 Data Output Float Time 100 ns
11 Overprogram Pulse 2.85 ms
Width/Option Program
Pulse Width
12 EPM Setup Time 2 us
13 /PGM Setup Time 2 us
14 Address to /OE Setup Time 2 usp
15 /OE Width 250 ns
16 Address to /OE Low 125 ns
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VIH
Address VIL Address Stable X Address Stable X
ViH M
Data VIL Invalid X Valid Xlnvalid X Valid X
- @k
VH @

VPP VIL /— \
o N
™

TN

5.5V
- @ )
Volo) /
4.5V
VIH
JCE a /
VIL \ (C
)
VIH -+ (5 |« (C
-\
JOE 7
VIL
VIH & i ¢
/PGM )
VIL

Figure 36. EPROM Read Mode Timing Diagram
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‘[
{ Z86E40 TIMING DIAGRAMS
r
i
|

VIH
~ Address ><_ Address Stable X
VIL
, VIH T ®
| 4 L B
Data Data Stable ) Data Out Valid
\IR 7 B
; — @ D)
f VH / S(
o /| N\
, VIH
VH A S{
EPM )_\_
VIL
6v / S{
VCC /‘
4.5V
ViH @ By @
h'
/CE
ViL \ 19_/—
4—@—> ¢
VIH /
hY 4
/OE
ViL \u 7z
VIH
/PGM v b Y
IL
<o 0~
@,
[4—————  Program Cycle i Verify Cycle ——

Figure 37. Timing Diagram of EPROM Program and Verify Modes
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Ui U2
DO 35] ppo P10 28X A0 104 4o 0o 11— DO
D1 36f 5y 1 22X AL 9 o1 H2 Ot
p2 57|, P12 |32 % a2 sl,, 02 13 D2
D3 38l pns P13 2% A3 Tlas 0315 D3
0439, I mM_ef,, oq |16 Da
5
D3 21pps P15 |—2X AS A5 o5 {17 DS
D6 pog P16 112 x A8 af . 05|18 D6
D7 4], P73 AT 3], o719 07
A8 25| 0
A0 4
27
2 PO1 P31 A0 211 410
30 EPM
A P02 P32 17_____. ..u Al
3 18V
" 31 pos p3a | S FVPP x—=24 a12
5 19 A8 27
= Po4 pa4 |19 A8 d /PGM GND| 14 GND
6] nos pas | 22____A9 1 KOhm 4 2 20
As 7 24 A10 { /Cs vccl2s  vee
P06 pas |22 210 2 p28 VCC
A7 2] pa7 |28 At 1KOhm 1\ A2 2 o verh ) VPP
1 31 GND
20 W 1 vee 2764 Pins o
¥=0) /As —— .
40 15 ICE O —— 0.01uF
¥4 /ps XTAL1 -
GND 14
=214 jRESET XTAL2 |—X D
Z86E40
40-Pin DIP
o 125V 1 ,\'j\“/\/z Y 2
U3 I 1 KOhm 10 KOhm
« Q
u.
125V 16 | x1 o1l 1 =8 8 \bB
- o © S - zZ To
1 — EPM GND 12.5 Volt
GND 4 {X3 _ 1 p3l3 g
o
1
VCC 15 {1x1 1
4
X_Siel/o_oz 13 o
|
5 |
5 |sa o-D4ls
i
10 ]
X2
vee |50V
IH5043

Figure 38. Z86E40 Z8 OTP Programming Adapter
For use with Standard EPROM Programmers
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ul U2
Do 24f ... A0 1of o oo |t DO
D154 Al 9 A1 o1 2 D1
D2 26] ., A2 81 o2 |13 D2
D3 27| .. A3 d P 03 |15 D3
Da_ 28], A4 1 W o4 16 D4
D5 P25 AS 5 A5 o5 B2 D5
D8 P26 A6 3 W oe |18___Ds
074 po7 A7 3] 7 o7 ooz
A4 25| xg
A0
= 19 POO p3o |18 /PGM A5 24 A9
20 1 /OE
v PO1 P31 i 0 2 At0
2 21) Loo paz |12 A7 <]
13
v 2 pos P33 VP: —2] a2
4 A 7
| - P04 pas | 14 2d ram GND| 14__GND
5 POS P35 15 A9 1KOhm1 R2 2 20 oS h vee
A6 A10 NW—=G vee] 28
81pos pas |17 P =
A7 7} oo7 paz |16 Al 1 KOhm 1 AAN2—22d] 10E vep| 1 VPP
2764 Pins iL
I' ICE o 0.01puF
XTAL1 N -
9
XTaL2 =X GND
Z86E30/31 .
28-Pin DIP
Socket R4 R3
12.5V A2 1A 2
1 KOhm 10 KOhm
w o 2
us - i AN
C/k> Z Ju
12.5V 16 1 X1 g D1 1 GND GND 12.5 Voit
1 3 O O
I b— EPM
GND 4 |X3 oRal3 P1
i & R5
5.0V 1 2
VCC 15 {ix1 I
E— . |~ 1KOhm
4 S8
uwn
x—SLel’o—D2 E 2 Ta
; GND
5 |
F X_S_4_\oﬂix
10 I
X2 50V
e vee Note: The programming address must be set to
000C0H - OFFFH (Lower 4K Byte Memory). For Z86E30
IH5043 0000H - 07FFH (Lower 2K Byte Memory). For Z86E31
Figure 39. Z86E30/E31 Programming Adaptor Circuitry
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Start

A
Addr =
First Location

Y

Program
1 ms Pulse

Y

|

Increment N

Verify ‘Byte

Pass

Prog. One Pulse
3xN ms Duration

Increment

e Last Addr ?

Vee = Vpp = 4.5V

Note:
* To ensure proper operaton, Verify All Fail o

Zilog recommends Vcc range 1

of the device Vcc spacification,

But Vee = 5.0V is acceptable. \

Vec = Vpp =5.5V ‘ Device Falled
[}
Verify All

Bytes

Pass

Device Passed

Figure 40. Z86E40 Programming Algorithm
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EXPANDED REGISTER FILE CONTROL REGISTERS

PCON (FH) 00H

|D7| s | Ds | D4ID3| DZI | Do|

L

Comparator Qutput Port 3
0 P34, P37 Standard*
P34, P37 Comparator Output

Port 1 Open-Drain
Port 1 Push-Pull Active*t

Port0 Open-Drain
Port 0 Push-pull Active*

1
0
1
0
1
0 Port0 Low EMI
1
0
1
0
1
0

Port 0 Standard*

Port 1 Low EM!
Port 1 Standard*t

Port 2 Low EMI
Port2 Standard*

Port 3 Low EMI
1 Port3 Standard*

Low EMI Oscillator
0 LowEMI
1 Standard*

* Default Setting Atter Reset
1 Must Be 1 for Z86E30/E31

Figure 41. Port Configuration Register
Write Only

SMR (FH) 0B
[D7] Ds| D5]D4| D3| Dz] D1| DOI

AL SCLK/TCLK Divide-by-16
0 OFF**
1 ON

Extemal Clock Divide by 2
0 SCLK/TCLK =XTAL/2*
1 SCLK/TCLK =XTAL

Stop Mode Recovery Source
000 POR Only and/or Extemal Reset*
001 P30
010 P31
o011 P32
100 P33
101 P27
110 P2 NOR 0-3
111 P2NOR0-7

Stop Delay

0 OFF

1 ON*

Stop Recovery Level

0 Low*

1 High

Stop Flag
0 POR*
1 Stop Recovery

* Defautt sefting after RESET.
** Default setting after RESET and STOP-Mode Recovery.

Figure 42. STOP-Mode Recovery Register
Write Only Except Bit D7, Which is Read Only

WDTMR (F) OF
LD7] D6l Ds] D4I DSI DZ' D1 ] Dol

_L WDTTAP INTRC OSC System Clock
00 5ms 128 SCLK
o1 10 ms 256 SCLK
10 20 ms 512 SCLK
k1 80 ms 2048 SCLK

WDT During HALT

0 OFF

1 ON*

WDT During STOP

0 OFF

1 ON*

XTAL1/INT RC Select for WDT
0 On-Board RC *

1 XTAL

Reserved (Must be 0)

* Default setting after RESET
Figure 43. Watch-Dog Timer Mode Register

Write Only

SMR2 (0F) DH
o7| pe| bs| D4| D3| D2| D1| DO

Stop-Mode Recovery Source 2

00 POR only*

01 AND P20,P21,P22,P23

10 AND P20,P21,P22,P23,P24,
P25,P26,P27

Reserved (Must be 0)

Note: Not used in conjunction with SMR Source

Figure 44. STOP-Mode Recovery Register 2
Write Only
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- Z8 4K OTP Microcontroller Zilog
r Z8 CONTROL REGISTER DIAGRAMS
)
|
R240 R243 PRE1
| o7| os] 05|04 |03 |02 [o1 |00 | { o7 06 | 05| 04| 03 D2| D1] DO |
I Reserved (Must be 0) l— Count Mode
0 T1 Single Pass*
1 T1 Modulo N
. Clock Source
Figure 45. Reserved 1 T1 Internal
0 T1 Extemal Timing Input
¢ (TIN Mode)
Prescaler Modulo
L R241 TMR (Range: 1-64 Decimal
Sl 01-00 HEX)
T p7l osl Ds| D4l D3| p2]l b1 DO *Default After Reset
i L
? Eg;ggﬁom Figure 48. Prescaler 1 Register
| F3H: Write Only
: 0 Disable TO Count*
1 Enable TO Count
0 No Function*
1 LoadT1 R244 TO
0 Disable T1 Count* D7|D6 | D5 |D4 |D3 |[D2 |D1 |DO
1 Enable T1 Count
TIN Modes
00 External Clock Input* TO Initial Value
01 Gate Input (When Written)
10 Trigger Input (Range: 1-256 Decimal
(Non-retriggerable) 01-00 HEX)
1 Tngger |nput TO Current Value
(Retriggerable) (When Read)
TOUT Modes
T e Figure 49. Counter/Timer 0 Register
10 T1 Out F4H; Read/Write

11 Internal Clock Qut

Default After Reset = O0H

Figure 46. Timer Mode Register
F1H: Read/Write

R242 T1
|E'Ds ps| b4 | pa| b2 o1 |00

T1 Initial Value
(When Written)

(Range: 1-256 Decimal

01-00 HEX)
T1 Curment Value

{When Read)

Figure 47. Counter/Timer 1 Register
F2H: Read/Write

R245 PREO

D7| D6| D5] D4| D3| D2| D1| DO

I— Count Mode

0 T1 Single Pass
1 T1 ModuloN

Reserved (Must be 0)

Prescaler Modulo
(Range: 1-64 Decimal
01-00 HEX)

Figure 50. Prescaler 0 Register
F5H: Write Only
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F245 P2M R248 PO1M
D7| De| D5| D4| D3| D2 D1| DO
D7| D6] D5] D4| D3| D2| D1| DO [ll[lllll
l— P03 - POO Mode
P20 - P27  1/O Definition g? |°“‘P“'
. f nput
0 Defines Bit as Output 1X A11-A8
- 1 Defines Bit as Input*
[ Dsfault After Reset Stack Selection
0 Extemnal
1 Internal

Figure 51. Port 2 Mode Register
F6H: Write Only

P17 - P10 Mode
00 Byte Outputt
01 Byte Input
10 AD7-ADO
11 High-Impedance AD7 - ADO,
/AS, /DS, /RIW, A11 - A8,

R247 P3M A15 -A12, If Selected
| D7 I D6 I D5 | D4 I D3 ]02J D1 Joo | Extemal Memory Timing
-1 I . 1 Extended
0 Port 2 Open-Drain PO7 - PO4 Mode
1 Port 2 Push-pull Active 00 Output
01 Input
0 P31, P32 Digital Mode 1ol PO
f 1 P31, P32 Analog Mode Reset Condition = 0100 1101B
1 0 P32 =Input For ROMless Condition = 1011 0110B
| =Inp + Z86E30/E31 Must be 00
| P35 = Output
? 1 P32 =/DAVO/RDYO
; P35 = RDYO/DAVO
; Figure 53. Port 0 and 1 Mode Register
‘x 00 P33 = Input .
P34 = Output F8H: Write Only
01) P33=Input 1
g 10} P34 = /DM Z86E30/E31 Only
: 11 P33 =/DAVi/RDY1
p P34 = RDY1//DAV1
i
E 0 P31 =Input (TIN)
| P36 = Output (TOUT) dvvaVily
| 1 P31 =/DAV2/RDY2 ID7ID6|D5|D4IDS]D2|D1 |Do |
: P36 = RDY2//DAV2 — L
} 0 P30 = Input | l
; P37 = Output Interrupt Group Priority
'i Reserved (Must be 0) gg? ge:«ir:eg
: Default After Reset = 00H 010 A>B>C
1 Z86E30/E31 Must Be 00 (1);10 ?; cC> ?\
. > >
‘ 101 C>B>A
10 B>A>C
Figure 52. Port 3 Mode Register 111 Reserved .
F7H: Write Only IRQr, 1R Priotty (Group C)
1 IRQ4 > IRQ1
IRQO, IRQ2 Priority (Group B)
0 IRQ2 > IRQO
1 IRQO > IRQ2
IRQ3, IRQS Priority (Group A)
0 IRQ5 > IRQ3
1 IRQ3 > IRQ5
Reserved (Must be 0)
. Figure 54. Interrupt Priority Register
F9H: Write Only
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R250 IRQ

D7|De| D5| D4} D3| D2| D1 DO

I— IRQO = P32 Input

IRQ1 = P33 Input
IRQ2 = P31 Input
IRQ3 = P30 Input
IRQ4 =TO
IRQ5 =T1

Inter Edge

P31{ P32) =00
P31d P32T =01
P31 T P320 =10

Default After Reset = 00H P31 Ty P32 TN = 11

Figure 55. Interrupt Request Register
FAH: Read/Write

R251 IMR

D7|Dé| D5| D4 D3| D2| D1| DO

1 Enables IRQ5-IRQ0
(DO = IRQO)

1 Enables Interrupts
1 This option must be selected when ROM code is

submitted for ROM Masking, otherwise this control bit
Is disabled permanently.

Figure 56. Interrupt Mask Register
FBH: Read/Write

R262 FLAGS

D7|D6| D5| D4} D3| D2| D1] DO

-

User Flag F1
User Flag F2
Half Carry Flag

Overflow Flag

Sign Flag

Zero Flag

Carry Flag

Figure 57. Flag Register
FCH: Read/Write

R253 RP

D7|D6|D5|D4|D3|D2|D1}D0

L

Expanded Register File

Working Register Pointer
Default After Reset = 00H

Figure 58. Register Pointer
FDH: Read/Write

R254 SPH

D7| D6| D5| D4| D3| D2| D1| DO

1 Enables RAM Protect

Z86E40)

tack Pointer Upper
Byte (SP8 - SP15)
Z86E30/E31)

= 0 State
1 =1 State

Figure 59. Stack Pointer High
FEH: Read/Write

R255 SPL

D7| D6| D5]| D4} D3] D2| D1} DO

Decimal Adjust Flag

Stack Pointer Lower
Byte (SPO - SP7)

Figure 60. Stack Pointer Low
FFH: Read/Write
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PACKAGE INFORMATION
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Figure 61. 40-Pin DIP Package Diagram
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Figure 62. 44-Pin PL.CC Package Diagram
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Figure 63. 44-Pin QFP Package Diagram
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Figure 64. 40-Pin Cerdip Window Lid Package Diagram
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Figure 65. 28-Pin DIP Package Diagram

Figure 66. 28-Pin Window Cerdip Package Diagram
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Figure 67. 18-Pin SOIC Package Diagram
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ZBBE4016PSC  Z86E4016VSC  ZB86E4016FSC  Z86E4016ESE

- ZBBE4016PEC ~ ZB6E4016VEC  Z86E4016FEC  Z86E4016ESE

E

.

]
)

ZBBE30 (16 MH2)
28-Pin Cerdip
28-Pin DIP Window Lid

Z86E3016PSC  Z86E3016ESE
ZOBE3016PEC  Z86E3016SSC

Z86E3016SEC
Z86E31 (16 MHz)
28-Pin DIP 28-Pin Cerdip
Window Lid

ZB86E3116PSC  Z86E3116SSC

For fast results, contact your local Zilog sales office for assistance in ordering the part desired.

Package Temperature

. P = Plastic DIP S=0°Cto+70°C

E =-40°Cto +105 °C
V = Plastic Chip Carrier

Speed
16 = 16 MHz

F = Plastic Quad Flat Pack

K = Cerdip Window Lid £
Environmental

C= Plastic Standard

E = Hermetic Standard

Example:
Z 86E40 16 P S C is a Z86E40, 16 MHz, DIP, 0°C to +70°C, Plastic Standard Flow

‘ l—— Environmental Flow

Temperature
Package

Speed

Product Number
Zilog Prefix

Zilog Z8 4K OTP Microcontroller
ORDERING INFORMATION
- ZB6E40 (16 MHz)
40-Pin Cerdip
40-Pin DIP 44-Pin PLCC 44-Pin QFP Window Lid
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MOTOROLA
m SEMICONDUCTOR
TECHNICAL DATA

MOC3041

6-Pin DIP Optoisolators MOC3042
Triac Driver Output MOC3043

These devices consist of gallium arsenide infrared emitting diodes opticaily coupled to

& monolithic silicon detactor performing the function of a Zero Voltage Crossing bilaters! S.PIN DIP

triac driver. OISO ORS
They are designed for use with a triac in the interface of logic systems to equipment TRI(A):TDRIVEL: I)U‘I"PUT

powered from 240 Vac lines, such as solid-state relays, industrial controls, moteyss, sole- 400 VOLTS

noids and consumer appliances, etc.

o Simplifies Logic Control of 240 Vac Power

® Zero Voltage Crossing

® High Breakdown Voltage: VDrM = 400 V Min

® High Isolation Voltage: Vigo = 7500 V Gusranteed

o Small, Economical, 6-Pin DIP Package

o dv/dt of 2000 V/us Typ, 1000 V/us Guaranteed

e UL Recognized, File No. E54915 Q\)

® VDE approved per standard 0883/6.80 (Certificate number 41853), with additional
approval to DIN IEC380/VDE0806, IEC435/VDEO80S, IEC65/VDE08G0, VDEO110b,
covering all other standards with equal or less stringent requirements, including (0T .83
{EC204/VDE0113, VDE0160, VDE0832, VDE08B33, etc. CASE 730A-02

o Special lead form available (add suffix “T" to part number) which satisfies VDE0OB8B3/ PLASTIC
6.80 requirement for 8 mm minimum crespage distance between input and output
solder pads.

® Various lead form options available. Consult “Optoisolator Lead Form Options™ data

sheet for details. COUPLER SCHEMATIC
MAXIMUM RATINGS (T4 = 25°C unless otherwise noted)
[ Rating [ symbot | vate | unn |
INFRARED EMITTING DIODE
Reverse Voltage VR 8 Volits 1 [ 8
Forward Current — Continugus Ig 60 mA
2
Total Power Dissipation @ T = 25°C Po 120 mw 2 os
Negligible Power in Output Driver %
L
Derate above 25°C 1.41 mwrc 3 0 crossms 4
OUTPUT DRIVER Lhcun
Off-State Output Terminal Voltage VDRM 400 Voits
Pesk Repetitive Surge Current ITsSM 1 A
(PW = 100 us, 120 pps)
Tots! Power Dissipation @ T = 25°C Pp 150 mw
Derate above 26°C 1.76 mwWrC 1. ANOOE
2. CATHODE
TOTAL DEVICE INC
isolation Surge Voltags (1} Viso 7500 Vac 4. MAIN TERMINAL
{Peak ac Voitage, 60 Hz, 1 Second Dursation} 8. SUBSTRATE
—— - 00 NOT CONNECT
Total Power Dissipation @ Ta = 25°C Po 250 mw 6. MAIN TERMINAL
Derate above 25°C 2.94 mwre
Junction Temperature Range Ty ~-40 10 +100 c
Ambient Operating Temperature Range Ta -40to +85 °c
Storage Temporature Range Tstg -4010 +150 *C
Soldering Temperature (10 5} — 260 °c

{1} isolation surge voRage, ViSO, is an internal device dislectric breakdown rating.
For this test, Pins 1 and 2 ars common, and Pins 4, 5 and § ars common.



Fra. ON-STATE CURRENT (mA)

MOC3041, MOC3042, MOC3043

ELECTRICAL CHARACTERISTICS (TA - 25°C unless otherwise noted)

[ Characteristic 1 “svmbol |7 "Min 1w T e [ uon |
INPUT LED
Reverse Leatage Current n — 0.05 100 nA
(Vg = 6V)
Forward Voliage Vg - 1.3 . 1.5 Voits
(g = 30 mA)
OUTPUT DETECTOR (I = 0 unless otherwise noted)
Leakage with LED O, Either Direction loRM1 - 2 100 nA
(Rsted VpRM. Note 1)
Pesk On-State Voltage, Either Direction Vim - 18 3 Volis
(lym = 100 mA Peak)
Criticel Rate of Rise of Of-State Voltage (Nats 3) dvidt 1000 2000 - Vius
COUPLED
LED Trigger Current, Current Required to Latch Qutput 33 mA
{Main Terminal Voltage = 3 V, Note 2) MOC3041 — — 15
MOC3042 - — 10
MOC3043 - —_ 5
Holding Current, Either Direction ¥} — 100 -— nhA
Isolation Voltage (f ~ 60 Hz, t = 1 sec) Viso 7500 - —_ Vac(pk)
ZERO CROSSING
fnhibit Voitege \ ViH -— 5 20 Volts
(I = Rated g1, MT1-MT2 Voltage above which device will
not trigger.}
Leakage in Inhibited State loAM2 - — 500 pnA
(If = Rated IfT. Rated VDRM. Off State)
Notes: 1. Test voltage must be applied within dvrdt rating.
2. All devices are guaranteed to trigger st an If value less than or equal to max tgy. Theret, g Ip lies b max

Y7 (15 mA for MOC3041, 10 mA for MOC3042, 5 mA for MOC3043} and absolute max Ig 160 mAl,

of the load-driving thyristor{s} onty.

3. This is static dv/dt. See Figure 7 for test circuit, C

ing dv:dt is a f

TYPICAL ELECTRICAL CHARACTERISTICS
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Figure 1. On-State Characteristics -
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Figure 2. Trigger Current versus Temperature




MOC3041, MOC3042, MOC3043
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Figure 5. Trigger Current versus Temperature Figure 6. LED Current Required to Trigger
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H = ¢————o the D.U.T.
PULSE ! Cresy 2. 100x scope probes are used, to aliow high speeds and voltages.
INPUT MERCURY 3. The worsi-case condition for static dv/dt ip established by triggering
X100 the D.U.T. with a { LED input then ing the
WETTED ¥ oo currant. The variable RYEST allows the dwdt to be gradustly
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MOC3041, MOC3042, MOC3043

Vee Ra T Typical circuit for use when hot line switching is

O—A—— WA ~—o0 HOT required. In this circuit the ""hot” side of the line is

MOCINY/ switched and the load connected to the cold or neutral

:D,_L w Po S side. The load may be connected to either the neutral or
- 200 ) 2 hot line.

Ll Rin is calculated 30 that Ig is equal to the rated It of

1 the part, 5 mA for the MOC3043, 10 mA for the MOC3042,
m2 1 or 15 mA for the MOC3041. The 39 ohm resistor and 0.01

1 uF capacitor are for snubbing of the trisc and may or may
@" NEUTRAL not be necessary depending upon the particular triac and

*For highly inductive loads (powsr factor < 0.5), change this valus 1o load used.
360 ohms.
Figure 8. Hot-Line Switching Application Circuit
e\,
mg O
Suggested method of firing two, back-to-back SCR's,
Vi ' 6 with a Motorola triac driver. Diodes can be 1N4001; resis-
¢ o—f - tors, R1 and R2, are optional 330 ohms.
-Rin 2| MOCM | X SCA
| b—‘V\N-‘ 04y —o0
040 5 } peR
3 4 5 *For highly inductve loads (power factor < 0.5), changes this value to
o A 360 ohms.
Note: This optoisolator should not be used 1o drive » load directly. it is
| D2 intended to be e trigger device only.
R22
‘P
2 { LOAD l—— r\j
Figure 9. Inverse-Parallel SCR Driver Circuit
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fax id: 6004

PAL®C20 Series

Features

* CMOS EPROM technology for reprogrammability
* High performance atquarter power
—tpp=25ns

—tg=20ns

—t{co=15ns

—lcc=45mA

High performance at military temperature
—tpp=20ns

—t3=20ns

—tco=15ns

—lcc =70 mA

Commercial and military temperaturerange
High reliability

— Proven EPROM technology

—>1500V input protection from electrostatic dis-
charge

—100% AC and DC tested

—10% power supply tolerances

— High noise immunity

— Security feature prevents pattern duplication

Reprogrammable CMOS
PALC 16L8, 16R8, 16R6, 16R4

—100% programming and functional testing
Functional Description

Cypress PALC20 Series devices are high- speed electrically
programmable and UV- erasable logic devices produced in a
proprietary N-well CMOS EPROM process. These deviceaiti-
lize a sum-of-products (AND-OR) structure providing users
with the ability to program custom logic functions serving
unique requirements.

PALs are offered in 20-pin plastic and ceramic DIP, plastic
S0J, and ceramic LCC packages. The ceramic package can
be equipped with an erasure window; when exposed to UV
light, the PAL is erased and can then be reprogrammed.

Before programming, AND gates or product terms are con-
nected via EPROM cells to both true and complement inputs.
Programming an EPROM cell disconnects an input term from
a product term. Selective programming of these cells allows a
specific logic function to be implemented in a PALCdevice.

PALC devices are suppled in four functional configurations
designated 16R8, 16R6, 16R4, and 16L8. These 8 devices
have potentially 16 inputs and 8 outputs configurable by the
user. Output configurations of 8 registers, 8 combinataal, 6

registers and 2 combinatorial as well as 4 registers and 4 com-
binatorial are provided by the 4 functional variations of the
product family.

Logic Symbols and DIP and SOJ Pinouts

16R8 16R6 16R4 16L8
./ N/ \/ N
cpP [—>— 20 Vo oP[—>— 20] Veo cPl—>— 20] Ve 10— 20 V
Iz HTS-[E 0 izH el zH  flmuo IEH i occ
IEH HOP-fEo IEH o IEH o IEH 18] 110
EH o I H-fEo TH @ o ITH 7] /o
IEH  [E-fE O EH 2 L3P O IEH % (o 1IEH 4 Eesfmvo
EHe feEo  EHSE iAo ST EAR-EO e ey 1O
1A o S it (CAC \IH [ o T eEo i oo
IEH RO o IEH T i3 O IEH  Ee{Evo IEH ey f@vo
BN EgP-Eo IE- 13 10 IBH  Eer{dvo By 2o
Vss [ <M OE  Vss [[@ <M OE  Vss [0 ~MEIOE  Vss [ 1
C20-1 C20-2 C20-3 C20-4
LCC Pinouts
(6]
——-%o
1 | 0 | 7o
1 | (o] | o]
1 1 (o] i [¢]
: : (o] | (o]
910111213 910111213 ° : 910111213 °
T8l cs TBI58°  co6 TBI58  caov
PAL is a registered trademark of Advanced Micro Devices.
Cypress Semiconductor Corporation + 3901 North First Street ¢ SanJose ¢ CA95134 ¢  408-943-2600

June 1986 — Revised September 1995
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Universal PAL Devices

16v8 PALCE16V8H-5 20J EE CMOS 8 8 8 GAL Device Equivalent 5 1428 - - 125
PALCE16V8H-7 20P, J 7.5 100 - - 115
PALCE16V8H-10 20P, S,J 10 66.7 10 66.7 115
PALCE16V8H-15 15 455 15 455 90
PALCE16V8H-25 25 37 25 37 90
PALCE16V8Q-10 10 66.7 - - 55
PALCE16V8Q-15 20P, J 15 455 15 455 55
PALCE16V8Q-20 - - 20 416 65
PALCE16V8Q-25 25 37 25 37 55
PALCE16V8Z-12 Zero-Power - - 12 62.5 | 0.030
PALCE16V8Z-15 15 50 15 50 0.015
PALCE16V8Z-25 25 33.3 25 333 | 0.015
PALLV16V8-10 33V 10 71.4 - - 55
PALLV16V8Z-20 3.3V Zero-Power - - 20 40 0.030

20v8 PALCE20V8H-5 248, 28J EE CMOS 12 8 8 GAL Device Equivalent 5 142.8 - - 125
PALCE20V8H-7 24P, 28J 7.5 100 - - 115
PALCE20V8H-10 10 66.7 - - 115
PALCE20V8H-15 15 455 15 455 90
PALCE20V8H-25 15 455 15 455 90
PALCE20V8Q-10 24P, S, 28J 10 66.7 - - 55
PALCE20V8Q-15 24P, 28J 15 455 - - 65
PALCE20V8Q-20 20 416 - B 65
PALCE20V8Q-25 25 37 25 37 65

22V10 PAL22V10-7 24P, 28J TTL 12 10 8-16 Varied Term Distribution 7.5 91 - - 220
PAL22V10-10 10 7 - - 180
PAL22V10-15 15 50 - - 180
AmPAL22V10A 25 285 - - 180
PALCE22V10H-5 28J EE CMOS 5 142.8 - - 125
PALCE22V10H-7 24P, 28J 75 100 - - 115
PALCE22V10H-10 24P, S, Z, 28J 10 83.3 10 83.3 120
PALCE22V10H-15 24P, Z,28J Bus-Friendly Inputs and I/0s 15 50 15 50 90
PALCE22V10H-20 24P, 28J - - 20 416 130
PALCE22V10H-25 24P, S, 28P Bus-Friendly Inputs and I/0s 25 333 25 333 90
PALCE22V10Q-10 24P, 28J 10 83.3 - - 55
PALCE22V100-15 15 50 - - 55
PALCE22V10Q-25 Bus-Friendly Inputs and I/0s 25 333 - - 55
PALCE22V10Z-15 24P, 28J Zero Power - - 15 50 0.030
PALCE22V10Z-25 24P, S, 28J 25 333 25 333 | 0.030
PALLV22V10-7 24P, 28J 33V 75 100 - - 75
PALLV22V10-10 10 88.3 - - 55
PALLV22V10-15 15 50 - - 55
PALLV22V10Z-25 24P, S, 28J 3.3V, Zero Power - - 25 33.3 | 0.030

24V10 PALCE24V10H-25 28P, J EE CMOS 14 10 8 28-Pin, GAL-Type 15 455 - - 115
PALCE24V10H-25 25 37 - - 115

26V12 PALCE26V12H-7 28P, J EE CMOS 14 12 8-16 Advanced 22V10 Macrocell, 75 105.3 1.5 1053 | 116
PALCE26V12H-10 Bus-Friendly Inputs and 1/0s 10 714 10 7.4 115
PALCE26V12H-15 15 50 15 50 105
PALCE26V12H-20 20 40 20 40 105

29M16 PALCE29M16H-25 24P, 28J EE CMOS 5 16 8-16 Advanced Macrocell 25 28.5 - - 100

Asynchronous PAL Devices
610 PALCE610H-15 24P, 28J EE CMOS 4 16 8 J-K F/Fs, Programmable CLK 15 455 - - 90
PALCE610H-25 25 37 - - 90
20RA10 PALCE20RA10H-7 28J EE CMOS 10 10 4 Programmable CLK 75 100 1.5 100 100
PALCE20RA10H-10 24P, 28J 10 76.9 10 76.9 100
PALCE20RA10H-15 15 52.6 15 52.6 100
PALCE20RA10H-20 20 37 20 37 90
29MA16 PALCE29MA16H-25 24P, 28J EE CMOS 5 16 4-12 Prog. CLK, Adv. Macrocell 25 28.5 - - 100




Standard PAL Devices

PAL16L8-4
PAL16R8-4
PAL16R6-4
PAL16R4-4

PAL16L8-5 28P, J 5 117 210
PAL16R8-5
PAL16R6-5
PAL16R4-5

PAL16L8-7 20P,J 75 74 180
PAL16R8-7
PAL16R6-7
PAL16R4-7

PAL16L8D/2 20P,J 10 58.8 180
PAL16R8D/2
PAL16R6D/2
PAL16R4D/2

PAL16L8B 20N, J, NL 15 37 180
PAL16R8B
PAL16R6B
PAL16R4B

PAL16L8B-2 20N, J, NL 25 25 90
PAL16R8B-2
PAL16R6B-2
PAL16R4B-2

PAL16L8A 20N, J, NL 25 25 180
PAL16R8A
PAL16R6A
PAL16R4A

PAL16L8B-4 20N, J, NL 35 16 55
PAL16R8B-4
PAL16R6B-4
PAL16R4B-4

20R8 PAL20L8-5 20P, 28J TTL 14 6Comb | 2Comb 7 5 a7 210
PAL20R8-5 12 4 8 Reg 8

PAL20R6-5 12 2 Comb 6 Reg 7,8
PAL20R4-5 12 4 Comb 4 Reg 7,8

PAL20L8-7 24P, 28J 75 74 210
PAL20R8-7
PAL20R6-7
PAL20R4-7

PAL20L8-10/2 24P, 28J 10 55.5 210
PAL20R8-10/2
PAL20R6-10/2
PAL20R4-10/2

PAL20L8B 24NS, 28NL 15 37 210
PAL20R8B
PAL20R6B
PAL20R4B

PAL20L8B-2 24NS, 28NL 25 25 105
PAL20R8B-2
PAL20R6B-2
PAL20R4B-2

PAL20L8A 24NS, 28NL 25 25 210
PAL20R8A
PAL20R6A
PAL20R4A

18P8 AmPAL18P8B 20P, J TTL 10 8 8 8 15 - 180
AmPAL18P8AL 25 90
AmPAL18P8A 25 180
AmPAL18P8L 35 90




. P N Plastic DIP - NL PLCC 28-Pin non-JEDEC

: P NS Plastic SKINNYDIP® J FN PLCC 28-Pin JEDEC
z - Shrink Small Outline Package J - PLCC
S - Small-Outline (SOIC) v - 44-Pin Thin Quad Flatpack
J

NL PLCC-20-Pin Y - Plastic Quad Flatpack

— 1. “MMI marked” devices are those that have an MMI logo marking and were produced by Monolithic Memories, Inc. before the companies merged.
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