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1990

ABSTRACT

i

This thesis is design applied microcontroller
(#8031) and real time clock (#85187) to control electric
device at.high efficiency. Detail program on-off time
of electric devi¢e can program to 8 channel.

Program can sect time in 1 mninute minimum.
Working of circuit is contrel by software which control
all circuit. Detail of «circuit and software arein

this thesis.
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205C PERIODS EN-HANCEMENT MODEFET

OEPLETION MODE FET

6Dt , {

) 2702526
A. HMOS Configurztion. The enhancement mode transistor
N is turned on for 2 osc. perlods after G makes a 0-to-1 transition,
v s A
Vee  Vee ¥ee
20SC. FERIODS
'
& o
FROM PORY
LATCH
)
INPUT
DATA
READ
PORT PIN
270252-7

B.CHMOS Configuration. pFET 1is turned on for 2 osc, perlods after Q !
makes a 0-to-1 transition. During this tirme, pFET 1 also turns on pFET 3
through the Inverter to form a latch which holds the 1. pFET 2 is also on.
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LNBLTﬁL%uLaﬂYMﬁHH?ﬁ HD44780 UUNILNINTITTLHANGINUL B
Tagas 812819880 10 ms wagainly VDD 89 4.5 Volt uda  Tasas
< o [ 24
LANA2L aa9Y

1. DISPLAY CLEAR QSﬁﬂﬂqiaﬂgﬂgﬂﬂﬂﬂﬂu

2. FUNCTION SET  Tag4ziinainiglu
DL = 1 : tlunt5eantiiiu 8 1n
N =0 : t3niiu 1 usshanas
NITHARINR
F =0 : L%ﬂ CHR = 5x7 Dot
3. DISPLAY ON/OFF D = 0 : DISPLAY OFF
) ¢ = 0 : CURSOR OFF
B = 0 : BLINK OFF
4. ENTRY MODE SET -I7D= 1 : LWuf1 counter mui
S = 0 : NO SHIFT

4 A 4, vod w e, G e oo
LuakiutﬂﬂLﬂiaﬂnﬂﬁﬂuuavﬂqzmﬂﬁﬂﬁﬂﬂaﬂﬂﬂnqu?wuuL1uﬂ1
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( Power ON ’

Wait more than 15 ms
after Vpp riscs to 4.5V

RS R/W DB:; DB« DBs DB¢ DBy DB: DB: DBo
o 0o o 0 1 1 X% Xx X X

T

Wait more than 4.1 ms

(BF cannot be checked before this instruction.

Function set (intetface is 8 bits lang)

RS R/W DB: DBs DBs DBs DBs DB: DB: DBe
6o 0o 0 °0 1 1 X X x X%

Wait more than 100 us

BF cannot be checked before this ihstruction.]

Function set (interface is 8 bits long)

RS R/W DB» DB¢ DBs DB« DBy DB2 DBi DBo
o 0 o0 o0 1 1 X X X X

-

RS R/W DB: DBe DB:s DB« LBy DBz DBy DBo
6 0 0 0 1 1 N F x %

Initialization &nds

F[ BF cannot be chcckcd before this instruction J

Function sct (interface is 8 bits Idng)

BF can be checked after the following insiructions. When BF is
not checked, the waiting time between instructions is longer than
the exccution instruction time. (See Table 2) )

function set

Interface is 8 bits long.
Specify the number of
display lines and character
font.

he number of display lines
and character font cannot be
changed afterwards.,

Bispln}' OFF
display ON

eniry mode sct

4
‘gﬂ‘n 3.3 TFLOWCHART OF INITIALIZATION

-7 -



' B Code Execution time | Exccution time
Instruction ! Description (V;:'-;\::SC, is (whsen fosc is
g 2 160 kHz)
RS |RAY |DB7 [OB6 |DBS {084 {DB3 | DB2 {DB1 | DBO Note 1 Note 2
. Clears all display and returns the
Clear display 0 0 0 0 0 0 0 [ 0 1 cursor 1o the home position B2 us~1.64ms [ 120 us ~ 49 ms
» {Addiess 0).
- Returns.the cursor to the home posi-
tion {Address 0). Also returns the
Return home 0 0 0 o 0 0 0 0 1 . display being shifted 10 the original 40 ps L16ms |120 us ~4.8ms
position. DD RAM contents remain
unchanged,
Sets the cursor move direction amﬁ
. ioe e the di )
Eniry mode 0 0 a 0 0 0 o 1 o s specifies or n.ox 1o shift the display 40 ps 120 ps
set These operations are performed
during data write and read.
. Sets ONJOFF of a!l display (D),
1 N
Display ON/- | 5 1 5 o o o [0 |+ | D | c | 8 |cusor ONJOFF (C), end blink of 40 ps 120 us
OFF control ..
cursor position character {B).
Moves the cursor and shifts the
Cuisor and s N .
0 0 0 0 [} ] SIC 'R/L . . display without chenging DD RAM 40 ps 120 us
display shift
contents
, Sets interface data length (DL)
Function set 0 o] o 4] 1 DL N F b M number of display lines {L.) and 40 us 120 us
_chasacter font {F),
Ses the CG RAM address. CG RAM
Set GG RAR
. e spnt i is 4
addrass. 0 0 0 1 Acg daxz‘: is sent and received after this 0 us 120 us
setting,
Set DD RAM . 0 | > jeu The.DD R:M ur.'!dress; DDhF'{AM ‘0 120
address DD qut is sent and received efter this A0 s us
setting. P
ey {24 IBE) indicet
Read busy o . A a ‘P.e.a:.‘s‘ Bue !I...,_ .B.E, .n.:.‘ncc.m'g " . .
Hag & odddress A 'merml operation is being performel HE HE
j ) and reads eddress caunter contents.
Write data ayi o o DRAM or CG
10 CG or 1 |o Write Data R;’:‘ 21910 PEKEAM or 40 s 120 ps
DD RAM ‘4
Read data ; Reads data from DD RAM or CG
10 CG or 1 1 Read Data R:::: 29 'em . ! 40 ps 120 ps
DD RAM e
YD -3 Increment {#1) /D = 0: Decrement {—1) DD RAM: Display dato RAM Execution time viiunge: vhen
S =13 A'ccompa;\ics display shift. CG RAM: Charscter generator RAM frequency changes.
SIC =1: Display shift S/C =0: Cursor move Acg: CG RAM address {Example)
R/L. =1: Shift to the right. App: DD RAM address When fosc is 270 kHaz:
R/L =0:  Shift 1o the teft. . Corresponds 1o cursor
DL =1: 8bits DL =0: 4 bis address, 250
N =1 2hines N =0: 1line AC: Address counter used for A0us x 270 = 37w
F =1: 5 x10dots F =0: 5 x 7 dots both of DD and CG RANV
BF =1: Internally operating address,
BF =0: Can accept instruction
*No effect
Notes 1, Applied to models driven by 1/8 duty or 111 duty.
2. Applicd to models drivén by 1/16 duty,
d L
A13I1N9N 1 gaddenae HD 44780
9
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TIHRE ( AHABDIAIR
1. CLEAR DISPLAY

RS R/W DB, DB

CODE 0 0 0 0 0 0 0 ¢ 0 1

. y H ] v
ﬂqﬁcunsLﬁuﬂﬂstﬁauﬁaqqqan?a SPACE (ASCII 20H) 119
> . < ¢
11U%9¥ DD RAM  nN9uUQUAarnNIn1ITLEN DD KAM ADDRESSER Lﬁugus
7 CURSOR qznﬁu%ﬁaédnuwﬁquuQWﬁﬂﬂﬁaﬂaqqaﬂﬁu SET 1/D=1 ,
o '
S Muitdaau
2. RETURN HOME

RS R/W DB, DB,
CODE 0 0 0 0 0 0 0 0 1 *
¥ No effect

YR Y e L W ) _
A1ANUIENINATLEN DD RAM ADDRESSER Lﬁuguﬂ @7 CURSER
o (3 ] ., & < Lo gt <
aynanlﬂaﬁmﬂuwuﬁnuqmﬁﬂauanaqqanﬂw naygaulaalwiiidasgn

3. ENTRY MODE SET

RS R/W DB, DB

o

CODE 0 0 0 0 0 0 0 1 |I/D} S

—~ ﬁ o 1 < o A ) “w

BIT I/D : Teagastduai1nIMuaIntual aau ﬁiﬂﬂ'\uﬂa%’allaq
» ‘as . N “n’, Ql: <~ ‘h! —~

IENTTIHW DD RAM ADDRESSLWIHUNNUIWTIAAARINUNTAY

1=14s, U=a6

- ¢ o . _ [y _ ﬂ g
BIT S lﬂuﬂ?ﬂqwuﬂuﬁﬂﬁmalﬂﬂﬂq S5=1 LA uﬂﬁi?ﬂﬁaga

s . . . Vo 4 . - -
WA CURSOR agnunﬁagagnmuiﬁnwciﬂﬂ a1 9=0

T — & N
ﬁﬂgﬂ?sﬂgﬂﬂﬂ @7 CURSOR azgnmulﬂnﬁanaﬂﬁa
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4. DISPLAY ON/OFF CONTROL

RS R/W DD, DB

CODE 0

BIT D

BIT C

BIT B

i
i
t
!
f

L]

5.

RS R/W

—~ . EY]
: iudntiida-Dantinaan1wiagsi D=1 3z ON uaz 01
D=0 az OFF
P . - e D . LRV .
: ILINBLERY CURSOR Iuun C=1 uzsarluaagn19ndasy
- e d4
CURSOR un C=0 1aa6a3 CURSOR Qsﬂéﬂ LINE 8 Tu
. N "J ) )
wuy 5x7 DOT wazlzagn LINE 11 Tuuuu5x10 DOT
ﬁ - [ - . e ]
: LduuntgnnIInIEwsusay CURSOR Teg B=1 un1Ings
< o - 3 - -
I #TzgraTswIuldTEdan 279.2 ms
H o ol
EE% L i i
e 1535 =41
u 7 \
g Cursor A .
§ x 7 dot character W HEEEE Alternating display
- font B S x 10 dut character
font
{a) Cursor Display Example (b) Blink Display Example

CURSOK OR DISPLAY SHIFT

DB., DD

CODE 0

0 0 0 1 |S/C|R/L} * *

G . e . ) . o 4w . a 2
L‘ljuﬂ']'ﬂ\?ﬂ'nﬂ&ﬂﬁl'ﬂ,uﬂlﬁ (3% CURSOR 3’!’33?“‘]3‘!3 lidtnantere

<y Iy 3 o -~ 4 -
iy taaluanavNlsnagL 18UUIsa 1Y Tas

S/¢C

S = R = R =

R/L
. » 1 . - . - ] Q\'U
0 nIN19818 CURSOR 3tnaunugtanliitna
1 fn19818 CURSOR R1n@qusibdianiynan
LY Y I v 4-\
0 ituniTdudainentAaiinaeiag
d L-F A Y Y 4 ‘jQ\
1 tdun1veuar1anuTnenaidnagnan



6. FUNCTION SET

RS R/W DB, DL

[ _ a ' v ﬁ ) -y -
tdun19 SET n19aaeal13= Mt Udutuy 8 unniga 4 un

BIT DL :
TA8D1ABNAITAAAD 4 1N DL=0

BIT N : iiuni7idnussfioudaena N=0 wdev L ussha &
N=1 TUdaYy 2 UTThe (WIauInnaa)

BIT F : Lﬁ%ﬂﬂ?%%ﬂﬂuﬂﬂ DOT AYFuUAa9Ha  Tasnd  F=0 Lﬁu

[
UL 5x7 uwar F=1 tdulyy 5x10

No. of

; . ,| Character Duty
N F dln_spla\ font e Remarks
. ines
00 T+ | 5x 7dots 1/8
01 1 5 x 10 dots 11
f Cannot display 2 lines
1. 2 5x 7 dots 116 with 5 x 10 dgt charac-
ter font, J
_ * Noeffen,
7. SET CG RAM ADDRESS
RS R/W DB, DB,
CODE 0 0 0 1 A A A A A A
— high order bit low order bit—

b 7]
% HDAAT B0 uuqsﬁwuqanqwudﬁag Z q@ﬁa DISPLAY DATA
RAM (DD RAM) <1194 80x8 1N war CHARACTER GENERATOR RAM  (CG
) - LN o
RAM) 47494 512 1n war 7200 In @1d9H9L11UN1TL8n  ADDRESS  u

. < L] «y 1
Cd RAM TA8®2SHIN1TLEN ADDRESS nﬂutﬁauﬁ§aaﬂu§a§aﬂﬁn CG RAM
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‘ 8. SET DD RAM ADDRESS

RS R/VW

DB, DB

CODE | ¢ | © L Al A A} A Al Al a

— high order bit low order bit—

Liudnde i Snd ADDRESS Tu DD RAM  Funi5ti2uniasuan

]
'Q"Iﬂ DI) RAM (DD RAM ﬂm'sunqvuamwﬂwuﬂa LCD) Tag3aTuIn ADDRESS
ﬂtﬂﬂﬂuﬂuﬂﬂﬂuﬂﬂﬂﬂﬂﬁﬁ'tﬁﬂﬂ'] N Gl']ﬂ

ﬂﬂ N=0 (1U3996) ADDRESS qsaé 00-4FH

#7 N=1 (2U55%ia) ADDRESS Ivag 00-27H dm¥uusafian 1
War 40H-67TH dmFuusifian 2

#288190175%0 ADDRESS mav DDRAM wminan LCD uuy 16 @9

ﬂﬂB‘I 4 y5gna

.. 1= 24\ g8 LML KT Ue A )/ SRraiaio \\od  bhddy 21l - distfay position

15 1o

* Jdine | go 01 1027031 04)05(06{071]081¢03/0paA 0B

2-lirie 40 [ 41 ) 42 | 42 | 44 | 45 46 | 47| 48 | «0 | aA |4 | aC 4D | 4E | 4F

0C | oD | OE | OF -~ DD RAN address,

Adine bqof {23l is 16 107 (18119 1 1A | IBJ1C]|ID{IE | IF

4-“!.16 50 | 517 (52536455 56 157 [ 58 | 59 [5A |58 |5C|s5D]SE|SF

HDM¥-16416H

9. READ BUSY TFLAG AND ADDRESS

RS R/W DB,

CODE

DB

1 |BF

— high order bit low order bit—

LiuENR 98 1uAN BUSY FLAG Tvazidufiquant1fia HD44780
] . 1 «§ ] s —
ag?unuuunﬂvnﬁQﬂuﬂqmﬁuag wqaaﬁﬁudnﬁww§ﬂuazﬁuﬁaﬁa Tos
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BF=1 ﬂﬂquﬂﬂﬁuﬂﬂiﬂﬁﬁﬁuﬂWH?u luuﬁauw~1uu1uﬂ
BF=0 wﬁauna 7nnauaw1aﬁﬁaelm

uﬂﬂqqﬂuﬂﬁLﬁuﬂﬁ#ﬁﬂﬁuﬂﬂﬁﬂuﬁ ADDRESS tav CG RAM,DD RAM

10. WRITE DATA TO CG or DD RAM

RS R/W DB7 DB0
CODE 1 0 D D D D D D D D
— high order bit low order bit—

;’].‘ < » v o o <4 ~ <4 ~ v
L uﬂﬂﬁatﬁauﬁagasﬁﬂlﬂiu CG win DD RAM Tegtualiauda
o N\ R N . .
yauay ADDRESS wvtwuw?aﬁﬂtmﬂamLuumnwuﬂﬂ%snzﬁn?u ENTRY MODE
ﬁaﬂwwumnquqﬂtﬁunw Lnﬂuuauaﬁaq CG RAM %38 DD RAM n1laiesnns

X
Lﬁﬂ ADDRESS 3av CG ﬂia DD RAM ﬁuuﬂﬂﬂuQSLﬂﬂuﬂBER

11. READ DATA FROM CG or DD RAM

RS R/W DB, DBQ
CODE 1 i D D D D D D D D
. — high order bit low order bit-—

. ' < —~
b uﬂﬂﬁﬁﬂﬂuﬁﬂuﬂﬁqﬂ CG wIa DD RAM 1
.

AN8UDAIIN

2

L]

o, o

Y 4 v
DD w3ia CU RAM uﬂaiquﬁﬁﬂﬁaqtﬁn ADDRESS nauiun ug ﬂﬂauﬁnaﬂuln
fuiin D wie g RAN



3.1.2 d'm REAL TIHE CLOCK (RTC)
3 o Yy a - 4 4 .
RTC #MM58167 uLﬂSﬂULanauaugﬂ—Lawngnwaiﬂ Fedru19n
U ~ . A ' g wa ¥
aunay L ysulinwainuuia
(4 N A - <~ 1 4 4 o
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v s [} ) (Y] y —~ L) - 33' 22
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<4 Lo~ IE\OU uqd
LWEY 2 untnuy 1uaaelriuunn 6 uae 7
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K

! STATUS - | - p———— Al
! BIT - - Do ], ADDRESS [—A4
T 1 S G N 31 DECODER [——AS
. -4 Y N
32768 REAL TIAE COUNTER |
2 46 BITS | L
G l L LR
Sl 5 PR L - Tx%@ 0
R TSTZATUS
ggg; o o] COMPARATOR 45 BIT /] REC & BITS
- . B TNTERUST
cs o 1 KHz T\L l:{:)— 1.0GIC
RD Bt T A 5 R
WR — . v & INT.CONTROL Ny
FDY € 56 BIT = REGY BITS INTERUPT
[9" £ -0 BUFFER ‘ 7Y , CUTFUT
2 T aND : ]
2 T Losic - b LIV ,
- X% 5 FIT_BI-DIRECTIONAL BUS
s 1 R STATDBY
— INTERUPT
D7 3 VR © . LDDPESS LOGIC
: Yoy - iNPUT
AN _ . . T
A \ STANDBY
SRR ' INTERUPT
S . : OUTPUT
4 3 % )
‘gl]ﬂ 3.4 BLOCKDIAGRAM OF MM58167
RAM
- r~ S T - [ g "‘ ~
MM58187 il RAM muta 56  Ungelftuntsinvdayatiatan
- < w 2 4 & - -~ o o
wiaﬁﬁsﬂUﬂagaﬂﬁimﬂﬂqntwanazLﬂsﬂusnaUﬂu REAL TIME COUNTER

‘v e \ d «} (v . of @ nl\ '
ﬁagalu RAM [zd@tu9aitdigutnguny REAL TIME COUNTER uaziaannits

-~ bd - - e - _ - ar o aq 'S
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UNIT HAX TENS HAX
COUNTER ADDRESS D0 D1 D2 D3 | BCD'| D4 D5 D6 D7 | BCD
CODE CODE
1/10,000 OF SEC. oy | - - - - D4 D5 D6 D7 | 9
HUNDREDTHS & TENS SEC (01h) | DO D1 D2 D3 D4 D5 D6 D7 | 9
SECOD (ozh) { DO D1 D2 D3 D4 D5 DS - 5
MINUTE 63y | D0 D1 D2 D3 D4 D5 D6 - 5
HOURS (04h) - D0 D1 D2 D3 D4 D5 - - 2
DAY OF THE WEEK 5y | D0 D1 .D2 - |, - - - - 0
DAY OF THE MONTH (o8l | p0..p1. D T3 |97 pa D5 - - 3
HONTH' (O7h) | 10, D1..D2.D3 | pa - - - | 1
1
@1 79N 2
. . <4 < a - PO ;
RAM asnﬂﬂﬂﬂuaﬂﬁugﬂuuutmuaunu REAL TIME COUNTER
k]
' (=3 o d\ ' P d\ . i .
waadnvtinaudeling titfagdeini i REAL TIME COUNTER u3ztin

N117 COMPARE fiy 0 T RAM

Do D1 Dz D3 DA D5 DS D7
‘ | | [ : l | ! I l N TERUPT
WRITE | IN mw | N N N IN N CONTROL
ONLY Q Q Q Q Q Q Q Q REGISTER
ADD. 11h

1/7MIN - 1/HOUR

1/SEC 1/DAY

10/SEC 1/WEEK
COMPARE —l 1/KONTH
IRTERUPT

RE2D | ¢ Dplc D |c D D |c D fc D |cD |cD |STATUS
ONLY Q Q Q .Q .- Q REGISTER
[ : l ‘ > SR 1 ADD. 10n

INTERUPT LOGIC
l ;

STATUS

«
zﬂﬂ 3.5 INTERUPT CONTROL REGISTER &
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INTERUPT and COMPARATOR

ﬁﬁmmﬂmﬁutma%%uﬁag 2 a1y, aH1ILINAD INTERUPT
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uuuanainia anaeielduni93 1 INTERUPT CONTROL REGISTER
3nGa8 A1981u INTERUPT CONTROL REGISTER ﬁqsiﬁﬁagauu DATA BUS
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4 <4 _ . a g )
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- 1] l@’;
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LnanaﬁnﬂiLﬂﬁﬂunﬁuuﬂﬁnﬂinﬂqﬂuﬂnm w?ﬁmaquu(QQWﬂﬂau
o4 ﬁ <4 ] Y 4
ynaun ABgt uwmmwmnnnmaqnauﬂa nwuuﬁﬁlﬁumnninﬂeﬂuﬁnm nqutwa
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wannaquﬂﬁtuunu 1un1mau a AsANUARANANKN
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[ . o

4 v e e B
STATUS BIT 'avuanéfx"iii"i'mmwnnflﬂwﬂﬂum’muuu IuuNIaN

de e
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ST

L SETDEE LHI&

PHYSICAL DATA .
87.0W x 60.0H x 10.0D mm

Modulesize ... .........
Min.view area ..........c.ooo..n 61.8W x 25.2H mim
Character construction ... .... i P 5x 7 dots
Charactersize ................ 2.95W x 4.15H mm
Character pitch . . .. .. it ve i i vt oo mons 3.55mm
Dotsize ......uve e nann. 0.55 x 0.655H min
Weight . ... . i it i i et e s about 40g
ABSOLUTE MAXIMUM RATINGS min max .
. Power supply for logic (Vpp -Vgg) ...... -0 70V
Power supply for LCD (Vpp - Vb .. .. .. 0 135V
Inputvoltage (Vin) .. ..o oo oot Vgs Vpp V
Operation temperature (Top), ... ...... 0°C 50°C
Storage temperature (TsTg) « v v v e nnn 20°C 70°C
=LECTRICAL CHARACTERISTICS (Vpp =5.0£0.25V 25°C)
Input high voltage (Vi) ........ YIS 2.2V min.
Input Jowvoltage (Vi) ... ... ...t 0.6V max.
Output high voltage (Vor) . (-lopn=0.205mA) 2.4V min.
Output low voltage (Vo) .. lloL=1.2mA) 0.4V max.
Power supply current {Ipp) (Vpp=5.0V)  2.0mAtyp.
‘ 3.0mA max.
Drivemethod . .. ... .0t iinennnn .1/16Duty
Power supply for LCD drive (Vpp - V)
At Ta=0"C...iiiiiiin i, 4.6V typ
Ta=25C.ovvnennnn. . NS 4.4V yp
Ta=50°C ..................... 3.6V typ

LAY PATTERN

=
ISP

- @F"TUJ' %
fémwﬁu59¢$m~
y~%gﬁﬁﬁ
-;@wﬁgmm
D
16 CHARACTERS X 4 LINES MODULE .

PIN CONNECTIONS

Pin No Symbol Level Function
1 VSSs — ov
2 VDD — 5V Power supply
3 VI = A
i H: Data input
=P ns R L: Instruction data input
n = H: Dataread
N R/ H/L L: Data write
6 E H.HL Enable signal
7 DO H/L
8 D1 H/L
9 D2 H/L
10 D3 L H/L
11 D4 HIL Data bus'line*
12 (LDS H/L
13 [o]3] H/L 8
14 - 07 H/L

e
oAy LR

e ln ‘case of 4 bus m'uucuon, deta is transferred by twice using only
4 buses of’ 04 -D7, and DO-D3 are not used; first operatuon is higher
order 4 bits Bnd, second is lower 4 bits of 8 bits, but in case of 8 bits
lnsuuctlon data is translerred Ly data bus of DO-D7.

4

TEST PROCEDURE '

{ POWER ON ]

A :(';: { ] 0%
G e
——0ogod oo
.| 0ooog 00
< 00aog ao
i Doood oo
- oaoon 0o
] | | O R
o o
— 00000 0o
B Looo0
Z ==qgp

I__
[ WAIT Uil I
Vee =45V min.

RS=0, WRITE 38H |
3 Cycles {Interval 4.1mS)

]
R ?5,_W»%’1TEB'2“H'—T[

]
[ RS=0, WRITE OTH ]

[ RS=0, WRITE CEH

. i
RS=1, WRITE DATA
Refer to FONT TABLE

If sbove instruction is executed by 8 bits, 5 x 7 dots character will
be displayed from left side of uppe: lineg and cursor moves 10 right,

& 1-E DO
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UM82C8167
ReaI—Time Clock(RTC)

“satures

Microprocessor compatible (8-bit data bus) POWER DOWN input that disables all inputs and out.
Milliseconds through month counters puts except for one of the interrupts

66 bits of RAM with comparator to compare the real Status bit to indicate rollover duwing a read

time counter to the RAM data 32,768 Hz crystal oscillator =

2 INTERRUPT OQUTPUTS with 8 pcssible interrupt Four-year calendar (ne leap year)

signals 24-hour clock

Single +5V power supply 24 pin dual-in-line package

‘General Description

fhe UMB8B2C8167 is o Sigate CMOS LSl used as a real rést of the system for standby low power operation by
time clock in micto system. This product includes an using of a POWER DOWN input, With an on chip
eddressable real timin counter, 56 hits of static RAM and oscillation circuit, it can generate the 32,768 Hz time
two interrupt outputs, User can disablo the chip from the base.

Pin Configuration _ Block Diagram ;
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Absolute Maximum Ratings*
Voltage at All inputs and Outputs

e e e Vpp +0.3 10 Vgg ~0.3
Operating Temperature, . ... ........ -25°C to +85°C
Storage Temperature . . . ...

Electrical Characteristics
(Ta = —25°C to +85°C, Vs = OV)

Comments*

Stresses above those listed under ° Absolute Maximum
Rating’ may cause permanent damage 1o the device. These
are stress ratings only. Functional operation of this device
at these or any other conditions above those indicated in
the operational sections of this specification is not implied
and exposure to absolute maximum rating conditions
for extended periods may affect device reliability.

Parameter Conditions Min.. Typ. Max. Units
Supply Voltage
Voo . Outputs Enabled 4.0 55 A
Vpp (Note 1) Power Down Mode 2.0 55 Y
Supply Current .
lpp . Static Qutputs TRI-SSTATE, fiy = DC, Vpp = 5.5V 10 LA
1pp. Dynamic Outputs TRI-STATE, fjy = 32 KHz, Vpp = . 20 HA
5.5V
Vi 2 Vpp — 0.3V, V| SVgg + 0.3V
Ipp. Dynamic Qutputs TRI-STATE, {1y =32 KHz 5 mA
. Vpp = 5.5V, Vi = 2.0V, Vy =08V
Input‘Voltage "~
VIL Logical Low 00 0.8 \4
Vi Logical High 20 Vop v
1L nput ;Leakage Current Vgs SVin S Vpp -1 1 HA
Output Voltage (1/0 and Interrupt Output)
Vo Logical Low Vpp = 4.75V, 1o = 1.6mA ) 0.4 Y
Vo Logical High Vpp = 4.75V, Igy = —~400uA, 24 \
® loy = —=10pA 0.8 Vpp \'
TRI-STATE VOUT =0V, -1 MA
Vout = Yop i HA
Output impedance (Ready and Standby Interrupt Output)
Logical Low, Sink Voo = 4.75V, g = 1.6mA 04 \
Logical High, Leakage Vout <Vpp 10 HA

Note 1: To insure that no illegal data is read from or written into the chip during power up, the power down input should
be enabled only after all other lines (Read, Write, Chip Select, and Data Bus) are valid.

AC Characteristics
Interrupt Timing
(0°C<Tp €70°C, 45V <Vpp <55V, Ves = 0V)

Symbol Parameter Min, Max, Units
HINTON Status Register Clock to INTERRUPT OUTPUT (Pin 13) High (Note 1} 5 us
1SBYON Compare Valid to STANDBY INTERRUPT (Pin 14) Low (Note 1} 5 us
UNTOFF Trailing Edge of Status Register Read to INTERRUPT QUTPUT Low 5 us
. Trailing Edge of Write Cycle 9d0 = 0; Address = 16 H) to STAND BY

SBYOFF | By INTERRUPT Off {high Impedance State) 5 Hs

Note 1: The status register clocks are: Tl)e corresponding counter’s. rollover 1o its reset state or the compare becoming
valid. The compare becomes valid 615 after the 1/10,000 of a second counter is clocked, if the real time counter

data matches the RAM data,




‘

©ome

UMB82C8167
Read Cycle Timing
(0°C<T, <70°C. 4.5V < Vpp €55V, Vgg = OV)

Symbol - Parameter Min. Max. Units
AR Addréss Bus Valid to Read Strobe 100 ns
tcsn Chip Select 1o Read Strobe 0 ns
tRRY Read Strobe to Ready Strobe 150 ns
trRyo Ready Strobe to Data Valid 800 ns
taD Address Bus Valid 1o Data Valid 1050 ns
tRH Data Hold Time From Trailing Edge of Read Strobe 0 ns
tyz Trailing Edgn of Read Strobe to TRI.STATE Mode* 250 ns
tRyH Rcad Hold Tine after Ready Strobe 0 ns
thA Address Bus Hold Time from Trailing Edge of Read Strobe 50 ns

trRypv Rising Edge of Ready to Data Valid 100 ns

Note 2: H 1ap = 0 and Chip Select, Address Valid or Read are coincident then they must exist for 1050 ns.

Write Cycle Timing \
(0°C KT, €70°C 4.5V <Vpp <55V, Vgg = OV

Symbol Parameter Min. Max, Units
aw Address Valid 10 Write Strobe 100 ns
tesw Chip Select 1o Write Stiobe 0 ns
tow Data Valid before Write Strobe 100 ns

wRY Write Strobe to Ready Strobe 150 ns
thy Ready 1 Strobe Width 800 ns
tRYH, Write Hold Time after Ready Strobe 0 ns
twp Data Hold Time after Write Strobe 50 ns
twa Address Hold Time after Write Strobe 50 ns

Note 3: If data changes while CS and WR are low, then it must memain coincident with 1050 ns after the data change to
ensure a valid writing.
Data bus loading is 100 pF. -
Ready output loading is 50 pF and 3 k§2 pull-up.
Input and output AC timing levels:
Logical one = 2.0V
Logical zero = 0.8V

Timing Waveforms
READ CYCLE TIMING
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WRITE lCYCLE TIMING

AD-A4 |
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DATA VALLID

Functional Description
Real Time Counter

The real -time counter is divided into 4-bit digits with 2
digits being accessed during any read or write cycle. Each
digit represents 8 BCD nurnber,and is defined in Table 1.
Any unused bits are held at a logical 2ero and' ignored
during a write. An unused.bit is any bit not necesszry 10
provide a full BCD number. For example, tens of hour can
not legally exceed the number 2, thus only 2 bits are
necessary to define the tens of hours. The other 2 bits

Table 1. Real Titne Counter Format

in the tens of hours digit are unused. The unused bits
are designated in Table 1 as dashes.

The addressable portion of the counter is from milliseconds
to months.  The counter itself is a ripple counter. The
ripple delay is less thaif 60pus above 4.0V and 300us at
2.0V.

c Units e Tens Max

ounter Addressed Do D1 D2 D3 BCD D4 D5 DG D7 BCD

Code Codo
1/10,000 of Seconds (00¢) - - = - D4 D5 DG DY 9
Hundredths and Tenths Sec (0144} Do D1 D2 D3 9 DA D5 D6 L7 9
Seconds (02} Do O1 D2 D3 9 D4 D5 DG -~ 5
Minutes (0344) DO D1V D2 D3 9 D4 D5 D6 - 5
Hdurs (04,4} DO D1 D2 D3 .9 D4 D5 - - 2
Day of the Week {0544 0o D1 D2 — 7 - = - - 0
Day of the Month (06,,) Do D1 D2 D3 9 D4 D5 - - 3
Month {074) Do DY D2 D3 9 D4 - - - 1

-{(—) Indicates unused bits

RAM

56 bits of RAM are contained on-chip. These can be used
for any necessary power down storage or as an alarm latch
{or 'c0mparison 10 the rea! time counter. The data in the
RAM can be compared to the real time counter on a digit
basis. The only digits that are not compared are the unit
ten thounandths of seconds and tens of days of the week
(these are unused in the real time counter). If the two

.

most significant bits of any RAM digit sre ones then this
RAM location will always compare.

The RAM is formatted the same as the real time counter,
4 bits per digits, 14 digits, however there are no nused bits.
The unused bits in the real time counter will compare
only to zeros in the RAM., )

.
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Interrupts and Comparator

There are two intentupt outputs,  The first and most
{laxible is t.he INTERRUPT OUTPUT (3 true high signal).
This output can be programmed 10 provide 8 different
output signals. They are: 10 Hz, 1 Hz, once per minut,
once per hour, once 3 day, once a week, once a month,
and when 3 RAM/real time counter comparison occurs,
To enable the output a ope is written into the interrupt
control register at the bit lotation corresponding the
desired output frequency (Figure 1). Once one or more
bits have been set in the interrupt control register, the
corresponding counter’s rollover 1o in reset state will clock
the interrupt status register and cause the interrupt output
to go high, To reset the interrupt and to identify which
frequency caused the interrupt, the interrupt status register
is read. Reading this register places the contents of the
status register on the data bus. The interrupt frequency
will be identified By a one in the respective bit position,
Removing the read will reset the interrupt,

The second interrupt is the STANDBY INTERRUPT
{open drain output, active low). This interrupt occurs
when enabled and when a RAM/ real time counter corn-
parison occurs. The STANDBY INTERRUPT is enabled
by writing a one on thé DJ line at address 16H or disobied
by writing 8 zero on the DO ling. This interrupt is not
‘riggered by the edge of the compare signa!. but rather
R by the level. Thus if the comnpare is enabled when the
STANDBY [INTERRUPT is enabled, the interrupt will
- turn on immediately.

LY

The comparator is a cascaded exclusive NOR. s output
is latched 61ps after the rising edge of the 1KHz clock
signal (input to the ten thousandth of seconds counter).
This allows the counter to ripple thiough before looking
at the comparator. FOr operation at fess than 4.0V, the
thousandth of seconds counters should not be included in
a compare because of the possibility of having a ripple
delay greater than 61us, (For output timing see interrupt
timing.}

Table 2 and 3 are refered for the address inpul codes and
functions and for the counter and latch reset format.

Power Down Mode

The POWER DOWN input is essentially a second chip
select, It disables all inputs and outputs except for the
STANDBY INTERRUPT. When this input is at a logical
zero, the device will not respond to any external signals,
It will, however, maintain time keeping and turn or the
STANDBY INTERRUPT if programmed to do so. (The
programming must be down before the POWER DOWN
input go 10 a logical zero.) When switching Vpp to the
standby or power down mode, the POWER DOWN input
should go to a logical zero at least 1us before Vop 18
switched. .When switching Vpp all other inputs must
remain between Vgg ~0.3V and Vpp +0.3V. When
restoring V5 to the normal operating mode, it is necessary
to insure that all other inputs are ot valid levels before
switching the POWER DOWN input back to-a logical one.
These precautions are necessary to insure that no data

DO ol b2 D3I DA DS 06 D7
L ! 1 | ' ! I L inrennueT
- write | N N o TN N [ ] contro
ONLY REGISTER
ol ol o a Q 0 ) ch) D ey
1/MIN I/HOL‘JF‘
156C IIDA¥
10/SEC 1WEEK
COMPARE __‘ I.__ IMONTH
INTERRUPT
neap [COfcofcofcoflcoleco]cno]c 0] srarus
onLy REGISTER
a g Q2 a Q o a IQ_ ADDRESS.10y

INTERRUPT INTERRUPT
—— OUTPUT
Logic {ACTIVE

LOGIC HIGH)

Figure 1. Interrupt Register Format
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Table 2. Address Codes and Functions

A4 A3 Function

Counter - Thousandths of Seconds

Counter — Hundredihs and Tenths of Seconds
Counter — Seconds

Counter — Minuted

Counter — Hours

Counter - Day of the Week

Counter — Day of the Month

Counter -- Mounths

Latches — Thousandths of Seconds

Al
0

o
o

Latchus - Hundieeihs and Tenths of Seonds
f.atches — Seconds ) -
Latches — Minutus

Latches —~ Hours

Latches — Day of the Week

Latches — Day of the Month

Latches — Months

Interrupt Status Register

Interrupt Contro! Register

Counter Reset

Latch Reset

Status Bit

‘GO” Command

Standby Interrupt

7

—[=|=j=|lojolo|o|=|=|-|—=|ojo|o|jo|=|+|=|~|c|o|o|=l’

el B B B R S Bl el fal [l fal folfa) fal falla] lo] fa] o] =] fo] =]
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=1 OjC|O|OIC|O|O|=|—=|~|=|=]—|—={O|O|O|0{|O|O|O
mla|lolio|l~|—=|olol=|~|cjo|={={ojlo|=|=lo|lc|~|~|o

Test Mode ) |

All others unused.
Table 3. Counter and Latlch Reset Format

Do D1 D2 D3 D4 DS D6 D7 Counter or Latch Reset

1 0 0 0 0 0 0 0 Thousandths of Seconds

0 1 o 0 0 0 0 0 Hundredths and Tenths of Seconds

0- 0 1 0 0 0 0 0 Seconds

0 0 0 1 0 0 0 .0 Minutes

0 [¢] 0 0 1 0 0 0 Hours

0 0 0 0 0 1 0 0 Days of the Week

0 0 0 0 0 0 1 0 Days of the Month

0 0 G 0 (¢} 0 0 1 Months
For Counter Reset A4—A0 Must be 10010
For Latch Reset A4—A0 Must be 10011
is lost or altered when changing to or from the power down The data on the data bus is ignored during the writing, {f
mode.. the scconds counter is at a value greater than 39 when the

GO is issued, the minute counter will incremerit; otherwise
Counter and RAM Resets; GO Command the minute counter is unalfected. This conunand is not
The counter’s and RAM can be reset by writing all 1's necessary to start the clock, but merely a convinient way
{FF) at address 12H or 13H respectively. to start precisely at a given minute.
Status Bit

A write pulse at address 15H will reset the thousandths,
hunderedths, tentns, units, and tens of seconds counters. The status bit is provided to inform the user the clock is in
This GO command is used for precise siarting of the clock. the process of rolling over when a counter is read. The
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status bit is set if this 1 KHz clock occurs during or after
any counter read. This tells the user that the clock is
rippling through the real time counter. Because the clock is
rippling, invalid data may be read from the counter, If the
status bit is set following a counter read, the counter should
be reread.

v
The status bit appears on DO when address 14H is read. All
the other data lines will be zero. The-bit is set when a
logical one appears. This bit should be read every time a
counter read or after a series of counter reads are done.
The trailling edge of the read at address 14H will reset the
status bit,

Oscillator

The oscillator is the standard paraliel resonant oscillator,
Externally, 2 capacitors, a 20M Ohins resistor and the
crystal are requitad, The 20M Ohms resistor is connected
between OSC N and OSC OUT 10 bias the internal inverter
in the lincar region, or micropower crystals a resistor in
series with the oscillator output may be necessary 1o
insure the crystal is not vverdriven,  This resistor should
be approximately 200K Ohms. The capacitor values
should be typically 20 pE.— 25 pF. The crystal frequency
is 32,768 Hz. : 4

The oscillator input can be externally driven, if desired. In

Typical Application

'ADDRESS OUS

this case the output should be left floating and the input
level should be within 0.3V of the supplies,

A ground line or ground plane between pins 9 and 10 may
be necessary to prevent interference of the oscillator by the
A4 address.

Control Lines

The READ, WRITE, CHIP SELECT signals are active low
inputs. The READY signal is an open drain output. At the
start of each read or write cycle the READY line {open
drain) will pull low and remain low until valid data from a
chip read appears on the bus or data on the bus is latched in
during a writing. READ and WRITE must be agcompanied
by a CHIP SELECT (see Timing waveforms for read and
write cycle).

During a read or write, address bits must not change while
chip select and control strobaes are low.

Test Mode

The test mode is merely a mode for production testing. It
allows 1he counters to count at a higher than norma! rate.
In this mode the 32 KHz oscillator input is connected
directly to the ten thousandths of seconds counter. The
chip select and write lines must be fow and the address
must be held at 1 FH.

DATA BUS
N SR
a7 y . 7 l STANDBY
" » =
" S BATTERY
a5 LoGIC e 'l
oo
v I
A Voo |4 ! | :s,vsrw
55 2.t PweER pown § 23 ‘XTI e
L R o7 |3 Lw’,
\N 87 I = -0 i
Agoy ——— ——.5 noy 06 - 1 T VVVv
o A0 p 06 |——g = f
Frpmt e e Sl AU UMBZCB167 00 |l L
2 A2 [3%) 30____‘
A3
= 8. | a3 o2 fl . __ g
—— 9. | aa o1 |1
10 osc m vo |18 =
11{osc out stopy int |14 . MM,_K
2K ne 2] v wt |2 manuaL
XTAL FOWER UP
) ____{D SWITCH )
P lae = g
— 7T — T
¥ ,‘.—. Ees T o ; ! 1
) =< L INTR 1 b
nyls - = = v vt

7 is required for microwatt erystals R =200K

Figure 2. Standby Interrupt is Enable (ON) for Normal Operation and Disabled for Standby Operation
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[og : R = 10 kf}
} €L - 1 The mercury wetted relay provides a high speed repeated puise to
i r- | G| the DU.T
PULSE U _1 Ciest 2. 100x scope probes are used, 1o aliow high speeds and voltages.
INPUT MERCURY 3. The worst case condiion for static dv dt Is established by triggering
WETTED X100 the D.U.T witha normal LED input current, then remaoving the
XY SCOPE current. The variable RYggT allows tha dvidt to be graduatly
RELAY DULT. PROBE increased unul the DU T, continuas to trigger in response to the
applied voltage pulse, even after the LED current has bean removed.
Tha dvidt s then docreased until the DLULT. stops tnggorng. mC is
° measuied 8\ this point and recorded,
.
Vmax = 400V
APPLIED VOLTAGE *
WAVLIORM
vt = 063 Vimax . g
QVOLTS = - o dhm o s e et e o e e e o e e —— RC TC

Figure 7. Static dv/dt Test Circuit
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