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ABDSTRACT

This thesis presents the equipment for displaying any
message on television while the normal program still showing. The
purpose of this project is to assist video tape creation and display
subtitle of picture that shows on television.

This project can be used with a video cassette recorder,
laser disc, video carmera and etc. The concept design of this project
is for genefdT use , thus it’s designed to be easy to use and
has economic cost.

In designing ~the video caption mixer, we must study about
displaying picture of television, processing of message that we want
to show ,linking the processing part with the displaying parl together

and write the program to control the machine to work properly.
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A, A RD WR TS

Input operation (READ)

0 0 I 0 Port A = Zdara bus
€ 1 { i (] Pon B — a4 bus
| 0 0 1 0 Port C — 1zt bus

Output operation

(WRITE)
0 0 1 0 0 | Data bus — port A
0 1 ! 0 0 | Data bus — pont B
1 0 ) 0 0 Data bus — pon C
i 1 | 0 0 Data bus = control
Disable Tunction
X X X X | Data bus — 3-state
| 1 0 1 0 Hlepal condition
X X | 1 0 Data bus = 3-state
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D7 D6 D5 D4 D3 D2 DY DO

Lelx[xIx] | |

L |

Bit set/reset

v

1= set
0= reset

{a)

oooro

Bit select
3 4 5

B

O - o |8

1 0
00
1

—_ - OO
—

(a) Bt seireset format,

4 ‘ 4 g v
zﬁn 2.4.2 uancnwnuuQu1uuantﬁu1u1nnaq 8255

1. Thum 0 :

(b) Mode defintion format.

{da ¢
qun1mauqn/taﬁnqn

D? D6 D5 D4 D3 D2 DY DO

!

l

| | ]

Ll 1]
S

Group B

Port C {lower)
1 = input
0 = output

Port B
1 = input

4

0 = output

Mode selection
0= mode 0

1 = mode {

Group A

Port C {upper}
| V= input
‘0 s output

Port A

1= input
0 = output

Mode selection '
00 = mode 0

01 = mode 1

1X = mode 2
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MAIN PROGRAM

START

DELAY FOR LCD
AND POMER UP

INITIAL
PERIPHERAL

¥

DISABLE INTERRUPT
SET INT MODE 2

]

OND
_Ho

4
4

ENABLE INTERRUPT

L 4




PC

RTC

LEAR ALL
LA6

END




READ KEY FROM KBD

{ START ’

i
SET 8235
10
HODE 1 A,B 1/P

1

CLEAR SHIFT REG

¥

ENABLE SHIFT RE®

v

IF
PRESS?

CLEAR SHIFT REG

{ RETURN )



NORMAL EDITING

START

—

EDIT

YES

HO

RUN

YES

KEYPRKESS = F2




PC EDITING

START

RUN




START

CLEAR LCD
SCREEN

EDIT

¥




KEYPRESS =

If
KEPRESS =
BACKSPACE

|ND

CAPS

ESC




o

ST UID
WIS ZA <
—S XTI

Y
RETURN

U — =) V
e
g
o>

LEFI ARKOW




—Gn
Wi <X
LT

Ota.

START

CAPS LOCK KEY

RETURN




o> =

x o
—3w —d— =
UL - e VY L)
(2 Y VY W

[t ™ ——

(=" =4

Y

START
ON LCD

SAVE CURRENT
POSITION

RETURN

ESCAPE KEY







BACKSPACE KEY

START

CURRENT
POSITION ON ASCII

BUFF HAYE
RANNAYUK

IF
LURRENT
POSITION ON ASCHI

BUFF HAVE
ShRA_UP

IF
CURRENT
POSITION OH ASCI]

BUFF HAVE
SARA_DOWN

ERASE

| HANNAYUK

ERASE
SARA_UP

ERASE
SARA_DOMN

P




CURRENT POSITION
START PUSITION

CURRENT POSITION + 1
CURRENT POSITION
COUNTER = NUMBER OF CHARACTER

FRON CURRENT TO END BUFF

COPY 1IN _ASCII BUFF
FRON
051
T0

¥

II?'I




HAP BUFF
TION ¢+ 8

—OO
MO oO—
wQ.

‘COPY IN
CURRENT

CURRENT POSITION

NUMBER OF CHARACTER

FROM CURRENT TO END BUFF * 8

COUNTER

CLEAR BITNAP BUFF
FORWARD & BYTE

AFTER COPY READY

Y

—
=
—llD O
WA L LD
DXXTOO
S
(& 32,

i

RETURN



o~
[o 3= S ¥ ¥
L= 2D
LD g
— O
(& L. . ] =
[

3




IF
ND OF BUFF

YES

NO

Y

DISPLAY

SHIFT LEFT ONE

POSITION
ON LED




YES

\

SHIFT RIGHT ONE

DISPLAY

POSITION
0N LCD
!

o




SET
|
I
E

Y

ADD TAIL_ASCII

BITHAP BUFFER




RUN ON CRT

‘ START )

A

SEL INE

(2]
<

RERDKEY
FROM KBD

YES

NO | 44—

RERDKEY
FROM KB

SECOND
DIGIT IS




READKEY
FRON KBD

IF
KEYPRESSED
= F1?

IF
KEYPRESSED
= F&?

IF
KEYPRESSED

NO

= F3?

RETURN




(¥ ¥ )

(VL. JVE]
W — 2
Q. T~
W= e )

[~ ol TR T
Lo [
< 1"

F W
L4

DANDSL
DANDUP




DISPLAY AND SHIFT LEFT

START

CLEAR SCREEN
ON CRY

Y

RT BUFFER
I

SET §

L4

|4

Y




=
— L O — — o=
=20 — ozt i
w — il oZaz —
L T =—  tata =
Lot B s Lok - W —— =1}
X~ TO =S == o
—u.aa. P [ENY]
=Ou. o oS
—eD W =y [RTXY (13
o = —
=3

o)
==
AA”.”“._

J

CLEAR SCREEN
CRT

/

RETURN



DISPLAY AND SCROLL UP

START

REEN /
T

LA T =

DO
=

ZCLEQ
(i}

A

LINE GF DATA

COUNTER

R FFER
]

SET §

Y

wi
o <
T =D
[FRIST R L=
Di— Oy
o a.
UWlr—li, 20D
DOt —
a fTuo
(%] e
XU Do
XD ar—
ax

19



20

¥

COURTER DISPLAY

COUNTER DISPLAY-1




CLEAR SCREEN
CRT

Y.
¥

RETURN
SET
LOAD
FLAG
LOAD




CHECK
1BF OF
8255

o

INCREMENT
POINTER
BUFFER

5

RETURN

YES




/

START

RTC

DISPLAY TIHE
ON CRT

[

8-2?

L4

KEYPRESS




LOAD FROM PC

/

START

\i

CLEAR SCREEN
ON LCD

[

Tus

t=]
—c

==
oo

SH

¥

E).+




§-9?

KEYPRESS

NO

¥

FROM KBD

/

8-5?

KEYPRESS

vy
fA
I

\J






/

READ KEY

/

8-9?

KEYPRESS

READ KEY
FRON KBD

/

RETURN




INTERRUPT SERVICE ROUTINE

START

RETI
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AC 280 CPU Z80A CPU 280B CPUt

Charac- Min Max Min Max Min Max
teristics Number Symbeol Parameter

1 TeC Clock Cycle Time 400° 250/‘ 165°

2 TwCh Clock Pulse Width (High) 180* 110* 65°

3 TwCl Clock Pulse Width (Low) 180 2000 110 2000 65 2000

4 TIC Clock Fall Time —- 30 - 30 - 20

§ «T¢C «—————- Clock Rise Time 36 30 20-

6 TdCr(A) Clock t to Address Valid Delay - 145 — 110 —_— 90

7 TAA(MREQ!)  Address Valid to MREQ 125 — 65° — s -

| Delay

8  TdCIMREQ!H) Clock | to MREQ I Delay - 100 - 85 - 70

9 TdCr(MREQr) Clock | to MREQ ! Deley = 100 - 85 - 70
10 =—~TwMREQh-——- MREQ Pulse Widih (High) 120" 10 65°

11 TwMREQI MREQ Pulse Width (Low) 360° - 2200 - 135° -
12 TACKMREQr) Clock | to MREQ ! Delay - 100 - 85 - 70
13 TdCHRDI) Clock I to RD | Delay . 130 - 95 - 80
14 TdCr(RDr) Clock | to RD 1 Delay - 100 —_ 85 - 70
15 =~ TsD(Cr) === Data Setup Time 1o Clock |- 50 35 30

16  ThD(RDr) Data Hold Time to RD | 1 0 - 0 - 0
17 TsWAIT(CI) WAIT Setup Time to Clock | 70 - 70 -— 60 ~
18 ThWAIT(C)  WAIT Hold Time after Clock | e 0 o 0 - )
19 TdCr(M1f) Clock | to Mi 1 Delay —~ 130 — 100 - 80
20 —1dCr(MIr) ——Clock | to M1 1 Delay 130 100 80-
21 TACr(RFSHI)  Clock | to RFSH | Delay - 180 = 130 - 110
22 TdCr(RFSHr)  Clock 1 1o RFSH I Delay - 150 — 120 - 100
23 TdCHRDr) Clock | to RD 1 Delay x 110 - 85 — 70
24 TdCr(RDi) Clock 1 to BD | Delay - 100 - 85 - 70
25 —TsD(CI) - Data Setup to Clock | during 60 S0 40

M3, M3, Mg or Mg Cycles

26  TJA(IORQI)  Address Stable prior o IORQ | 320° — 180° — 1o* —
27 TdCHIORQf) Clock 1 to JORQ 1 Delay - 90 = 75 - ‘65
28 TdACI(IORQr)  Clock | to JORQ ! Delay o 110 - 85 - 70
29 TAD(WRI) Date Stable prior to WR | 190°  — 80' -~ 25 —
30 — TdCHWRI) —~ Clock | 1o WR | Delay 90 80 70~
31 TwWR WR Pulse Width 360° - 220°  — 135°  —
32 TdCKWRr) Clock 4 to WR 1 Delay — 100 - 80 - 20
33 TdD(WRI) Data Stable prior to WR | 200 — =100 - 55 e
34 TdCr(WRI) Clock t 1o WR | Delay - 80 — 65 - 60
35 TdWRr(D) ——— Data Stable from WR 1 120° 60 30°*
3%  TdCHHALT)  Clock | 10 HALT 1 or | -~ 300 - 300 - 20
37 TwNMI NMi Pulse Width 80 — 80 — y[ -
38  TsBUSREQ(Cr) BUSREQ Setup Time to Clock 1 80 - 50 - 50 —

* For clock periods other than the mimmums shown in the table,
calculate parameters using the sxpressions in the table on the
{ollowing page.

1 Unuts in nanoseconds (ns) All imings are prehminary and
subject to change



AC

Charac-
teristics
{Cort:nued)

280 CPU Z680A CPU 280B CPUY
Number Symbol Parameter Min Max Min Max Min Max
39 ThBUSREQ(Cr) BUSREQ Hold Time after Clock | 0 — | S 0 -
40 — TdCr(BUSACKI)~Clock | 10 BUSACK | Delay 120 100 90-
4} TdCH(BUSACKr) Clock I to BUSACK t Delay - 10 - 100 )
42 TdCr(D2) Clock 1 to Data Float Delay — 90 —_ 90 — 80
43 TdCrCT2) Clock 1 to Control QOutputs Float - 110 — 80 — 70
Delay (MREQ, IORQ, RD,
and )
44 TdCr{Az) Clock | to Address Floal Delay — 110 - 90 o 80
4€¢ — TdCTr(A)———MREQ 1, IORQ 1, RD 1, and 160* 80° KD
WHR 1 1o Address Hold Time
46  TsRESET(Cr) RESET to Clock 1 Setup Time 90 - 60 - 60 -
47 ThRESET(Cr) RESET to Clock 1 Hold Time —_ 0 —_ 0 — 0
46 TsINTKCr) INT to Clock | Setup Time 80 — 80 - I B
49 ThINTH{Cr) INT to Clock | Hold Time = 0 — 0 - 0
50 —TdMI(IORQf)—M1 | to IORO | Delay 920° 565 - 365
Sl TdCH(IORQM) Clock | to IORQ I Delay — 110 - 85 — 70
52 TdCI(}ORQr) Clock 1 to IORQ 1 Delay - 100 —_ 85 — 70
53 TdCi(D) Clock | to Data Valid Delay - 230 - 150 - 130
* For c.22% period: other thar, the minimums shown in the fable,
calculate parameters using the following expressions. Calculated
values apove assumed T¢C = TIC = 20 ns.
* Usuts or. nanoseconds (ns). Al imings are preliminary and
subject 1o change All imings assume equal loading on pins with
S pfF.
Footnotes to AC Characteristics
Number Symbol 200 Z80A 08
TeC TwCh + TwCl + TrC + TIC TwCh ¢ TwCl + TrC +TIC  TwCh + TwCl + TC + TIC
2 TwCh Although static by design, Although static by design, Although static by design,

TwCh of grealer than 200 xs
is not guaranteed

7 —— TdA(MREQ!)~~TwCh + TIC - 75

10 TWMREQh  TwCh + TIC - 30
11 TwMREQl  TcC - 40 ~

26  TJA(IORQN TcC - 80

2 TdDWR)  TeC - 210

3l — TwWA TeC - 40 —
33 TdD(WR)  TwCl + TrC - 180

35 TdWRiD)  TwCl + TrC < 80
45 TdCTe(A) TWCl + TeC ~ 40
S0 TdMI(IORQ) 2TeC + TwCh + TiC - 80

"TwCl ¢« TiC - 70

TwCh of greater than 200 s
is notl guaranteed

TwCh of greater than 200 us
is not guaranieed

TwCh +-TiC ~ 65 TwCh + TIC-~ 50
TwCh + TIC - 20 TwCh + TIC - 20
TeC - 30 TeC - 20
TeC - 70 TeC - 55
TeC - 170 TeC ~ 140
TeC - 20 TeC - 30

TwCl + TiC - 140 TwCl + TC - 140,
TwCl + TiC - 85
TwCl + TrC - S0

2TcC + TwCh + TIC - 50

TwCl + TeC - 50
21cC + TWCh + TIC - 65

AC Test Condinions:
Vig=120V
Vi, = 8 Y
VIHC = Vec 06V
Vilc = 045V

Ve = 2.0V
Vep=08Y ™
Fl,ls'AT - 2085V



CPV
Timing

Input or Output Cycles. Figure 7 shows the
timing for an /O read or /O write operation.

inserts a single Wait state (Ty). This extra Wa.:
state allows sullicient lime for an 1/0 port 1o
(Continued) During /O operations, the CPU automatically decode the address from the port address lir.e:

' 1y 1 1
AVAVAVAWA WA
cLotx
_} N - - l__]
2 B ®
Ao-Ay ) VALID PORT ADDREAS :l" C
(D ..,@,_
foRe L—-—@q——o} - 1“@ —
o PRt e
wm A W
@) P Q)
w L
1o 2 014~
R T SR gL
» ax = 5
0 ..|@|.‘
W 3 - JT ~lwf
1o = .
- ey 2 <
P — Y. DATA OUT h—ae

NOTE: T,,+= One Wail cycle automatically inseriea by CPU.

Figure 7. Input or Outpui Cycies

Interrupt Request/Acknowledge Cycle. The
CPU samples the inlerrupt signal with the ris-
ing edge of the last clcck cycle at the end of
any instruction (Figure 8). When an interrupt
is accepled, a special M) cycle is generated.

During this Ml cycle, JORQ becomes active
(instead of MREQ) to indicate that the inter-
rupting device can place an 8-bit vector on the
data bus. The CPU sulomatically adds two

Wait states to this cycle.

Tu- T

T3

(4 1]
- AN
mu
® ®
PYSPYN e . —
oo t-(B) .
i Y /4 1[
-l Q) = = 5
1311 s /A
N g N
wam | V7 X
- @ o
[ 3 1} mr—-/‘ 8 3:‘ vALIU DATA C

NOTE: 1) Ty« Laei siate of previous imstruction.

Figure 8.

2) Two Wail cycles sulomatica

luterrupt Request/Acknowledge Cycle

Iy tnaeried by CPU{°).



R AVAWRVAY A
o (D
Ao-Age ) s ﬁ'::L ALFMLLH ADDA X
’@’ - n
@.1'@ @
il , v+ / V- -
0} 0
"o | ‘ ”
oy [LeE
n LT
® -
L s5 W
Il WAL ¢ v T e
Do-Dy —__‘}___. . VAL DATA X
e B
KPSR 3]

NOTE: T,,-Wall cycle added when necessary lor slow ancilliary devices.
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8255A/8255A.5 o
PROGRAMMABLE PERIPHERAL INTERFACE

s MCS-85™ Compatible 825545 « Direct Bit Set/Reset Capability Easing

¥

» 24 Programmable 1/0 Pins Control Application Interface e |
c letely TTL C ibl s Reduces System Package Count &

= Lompletely ompatible = Improved DC Driving Capability I
s Fully Compatible with intel® Micro- & Avallable In EXPRESS -

processor Families —Stendard Temperature Range i

n Improved Timing Characleristics —Extended Temperature Range

The Inlel® 82554 is 8 general lurpose programmable /O device designed lor use with infel® microprocessors. it has
24 1O pins which may be Indlviriually programmed in 2 groups of 12 end used in 3 major modes of operation. In the first
mode (MODE 0), each group of 12 110 pins may be progremmed in sels ol 4 1o be input or output. In MODE 1, the second
mode, e&ch group may be prog;'ammed to have B hines of Input or cutput. Of the remalning 4 pins, 3 ere used for hand-
shaking and interrupt control & gnals. The third mode of operation (MODE 2} is a bidirectional bus mode which uses 8
lines for a bidirectiongl bus, and & lines, borrowing one lrom the other group, for handshaking.

= - - T STl .
= ﬁ'C:w~[C::3 T e wds N = '
ooma o -

vl wr] i !
wde v

[ LD o jm s b

~ g agd. e e BN

. RO e wd: “Ha L

== G Ay wPe LS

= = J “ge «Be T
el SE—— N g e s "Pe

&2 =1 - i «be e

—A I B e e olin "

ot aif]n “[In %

& (e e o

= Ets I o™ K
:____,, - . — ] LY
e -l I Y S - ek . :E- :Z_:J):
— - wlw afre
e e

Figure 1. 8255A Block Diagram Figure 2. Pin Configuration




. 45
intel 8255A/8255A-5 TV
i

ABSOLUTE MAXIMUIA RATINGS® *NOTICE: Stresses sbove those listed under “Absolute,
. Maximum Ratings* may cause permenent damage to the*,
device. This is & stress rating only and functionsl opers. - |

. . (] L
Ambient Temperature Undes Biss. . ... .. ., .0Cwo n0cC lion of the device at these or any other conditions above'
Storage Temperature . ... .., .. .. .. ~65C104150°C those Indicaled in the operstional sections of this specifi.”"
Voltage on Any Pin cation Is not implied. Exposure to absolute maximum
With Respect 10 Ground ., . ., . ... . .. -0.5V 1017V rating conditions for extended periods may aftect device
Power Dussipation . . . ., . e I Watt rehability. A

9

D.C. CHARACTERISTICS (Ta = 0°C1o70°C, Vce = +5V = 10%, GND = 0v) *

Symbo! Parameter Min. | Max. | Unit Test Conditions J

Vi, Input Low Voliage -0.5 { 0.8 v i

Vo Input High Vortage 20 [ vee | v !

Voo (DB) | Output Low Voltage (Data Bus) 0.45°] v loL = 2.5mA

Vou (PER) Output Low Voltage (Peripheral Port} 0.45°f Vv loL = 1.7mA .

Vor (DB) | Output High Voliage (Data Bus) 24 v lox = -400uA

Vou (PER)| Output High Voltage {Peripheral Pot)| 2.4 Y loH = -200uA

Ipart'l | Darlington Diive Current 1.0 | <40 | mA Rexy = 75092; Vgxr= 1.5V

tee Power Supply Current 120 | mA

he tnput Load Cuirent 210 | uA Vin = Ve to OV

lofL Output Float Leakage 210 | pA VouT = Ve 1o 45V ]
NOTE:

1. Availabls on any 8 pins from Port B and C. .

CAPACITANCE (1, 25°C. Ve = GND = ov) ‘
Symbol. Parameter Min, Typ. . Max. Unit Teost Condlitions ,,
Cin Input Capscitance . .10 pF fc = IMH2 ’;54
Cio 1/0 Capacitance 20 pF Unmeasured pins returned to GND _‘

. 4{*

A.C. CHARACTERISTICS .(TA=0°C1070°'C.Vee = +5V = 10%, GND = 0v)* ; {

Bug Parameters :

READ ) .
8255A B255A -5
Symbol Parameter . Min. Max. Min. Max. Unlt

tAR Adoress Stably: Before READ »0 0 ns

tpa Address Stabte After READ (] 8 . 0 ns

tha READ Pulse Width 300 300 ng

7o Data Valid From READ!! 250 200 as

tof Data Fioat Allor READ 10 150 10 100 . ns s
tHy Time Between READs andior WRITEs 850 850 ns by



mte[ 8255A/8255A-5 o

A.C. CHARACTERISTICS (Continued)

WRITE
8255A 8255A-5
Symbol Parameter Min. Max. Min. Max. Unlit

taw Address Stible Before WRITE (1] 0 ns
(TN Address Stuble After WRITE 2 20 ns
v WRITE Pulse Width 400 300 ng
1o Data Valid 10 WRITE (T.E)) 100 100 ns
Wwo Dsta Valid After WRITE 30 30 ns

OTHER TIMINGS

8255A B8255A.5
Symbol Parameter Min, Max. Min, Max. Unit

W WR = 1 1o Quiputl 350 350 ns
tn Peripheral Date Before RD 0 0 ns
g Peripheral Data After RD 0 0 ns
lax ACK Pulse Width 300 300 ns
tsT STB Pulse Width 500 600 n§
tps Per. Data Before T.E. of STB 0 0 ns
oy Per, Data Atter T.E. of STB 180 18 ns
D ACK = 010 Outputl !t 300 300 ns
ko ACK = 1 to Output Float v 20 250 2 250 ng
WwoB WR = 1 10 OBF = oY 650 650 ng
1408 ACK = 0 ta OBF = 11l 350 350 ns
tsig SYB= 010 IBF = 111 300 300 ns
s RD = 1 10 I18F = 0! 300 ~ 300 ns
a6t RD = G1o INTR = O/ . 400 400 ns, -
s STB = 110 INTR = il 300 300 ns
tart ACK = 110 INTR'= 1111 350 350 ns
1 WR = 010 INTR = 0"1.31 . 450 450 m

NOTES: ' } : .

- - -

i lest Conci.tions: € = 150 pFf.
2 Penod of Resel pulse must be at least 508 during ot sfier powss on. Subuquanl Reset pulse can be 500 ns min,
3 INTR] may occur as early as WhY.

* For Extenoed Temperature EXPRESS, use MB25SA slectrical paramatars,

A.C. TESTING INPUT, OUTPUT WAVEFORM -+ A.C. TESTING LOAD CIRCUIT

INPUTOUTLT

D!Vlcl
UNDER * 4VAVAY. O Viur®

VEST
1YY 20 o - oy
> TEST POINTS < €, - 1500 .
6 [

v B TS by DMy AT T A R ALDGID L AND D IV OR “Vipr13 SETAY VARIGUS VOLTAGES DURING TESTING TO GUARANTEE THE
s "(,A!\ i ':ll\l::” Ars SREMERIE ARE W9ADL AT 767 FOR A LOGKC 1 sJEE:r.r_n-J» €, INCLUDES J1G CACITANCE
A N .

N

-
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8255A/8255A.5

WAVEFORMS ok
it
MODE 0 (BASIC INPUT) . "
, ;:} v
|' aa «-d i
LX) lK 2 B
S F— L. ‘M—-.'i 4
weuT ’ X
- .
an PO |"_.' v
& ar a0 k
o — —--
up ‘or !
i
MODE 0 (BASIC OUTPUT)
f‘ LS
" A 7 :
t-—~— ow ‘—‘-n—” t
oo T 7/ '
' r 77 A ~1 i
€Loar a0 * k
ouTrul X 5
oy Wy —{




intel 8255A/8255A-5

WAVEFORMS (Continued)

MODE 1 (STROBED INPUT)

T
ey Ty

s } / y— AN/
e e N O B | W

~

MODE 1 (STROBED OUTPUT)

-

[ ) \ ,

tan t tan




intdl

B255AJ8255A-5

”
WAVEFORMS (Continued) b
AT 1N
A B
MODE 2 (BIDIRECTIONAL) LAY
s g
“ ‘f\ P &
! tace P o
oy
i &
Yge — 4.
TR \‘k A 1\ *
‘ ™ -——..b/ \
Y1 .1
m A ‘
g ool !
e ‘ '
we /
f et
. |l= - [ —e{laple— e Y4y '4—* -
nm:::un______. _____ _{ e P_—.—.——--}..—_-
/ e L—— L—-—- fam I
(73
OATA FROM DAYA FROM
PERIMERAL 10 8256 €256 TO PEAIPHEHAL
OLTA FAOM
2% TO 8080 Y
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CRT CONTROLLER (CRTC)
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POWER CONSIDERATIONS

The average chap junct noiemperdture, T4, . *C cen be obiained trom.,
Ty=Ta+Ppesys) 4k}
Whete,
Tam Anwent Temperature, °C
8,4m Piinage Treimal Resistance, Juncuon:1o-Ambient, “C/W
Ppe Pk + PPORT
Pinymic; avVee. Watts — Crupiinternal Puwer
FROAT > ot Foner Daspaton, Watty ~ User Detennned

For mast anplcatons FpORT < PINT 81 can be neglected FpoRT nay become sigraicant if the dewice 15 conhiguied 10
anve Daringion Lases cr wink LED loads

AN aDprox Ti21E reanos ship between Pp and 15 Lt PpGRT 15 neglecied) s

PO=K- 1T +274C) V1)
Solwrg equatnns 1 anar 2 to: K gives
K= Ppyo T+ 2735004 6 p8Pp2 e

WriEze K 1S 5 €27 81801 peraning 1o the particula: part. K can be deternuned trom equation 3 by measunng Pp {al cquibbinumi
tor abeawin T2 Lang tha value of K ine values of Pp and 1 Car Lie obtaned by sotving equatons (11 ar.g (2) neratively tor any
va'ue ol Ta.

DC ELECTRICAL CHARACTERISTICS oot 0V 3 5% . Vg o1, 1 4= 0 1o 70°C unieas othernse noted, se¢ Fegures 2-4)

Characrenstic Symbot | Min | Typ | Max jUnn
Infat Mgh Ve tege Vit 20 - Ve v
Inpat Lowm Vi e gt Vi S0a| - (b v
tpiet Leabagt Cutem Yin -~ 01 {25 [.A
rirZ S1ate tnp st Cungnt IWpc =8 25 VIV, =04 1024 V) et | -0 - 10 |t
Ouip.: ngn v nape
Uy cag® - 2,4 DoD7 ) ven | 24 130 - | v
M agn - 10, A Otier Gutpuns 24 [3¢] -
Outgot Low Vobise thy ,aq e € ~ 48 Vo - | ee v
lraerra Power Dispator iddeasvec 81 14 = 04C) Pint - 630 § 750 | mw
input Capaciance DO 0?2 c - - 125 i
Al Otvers i - . 10
© Ouirat Capacnance - Al Qutputs | Cenn - - 10 [
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CRTC TiMING CHARACTERISTICS 1Reterence Figures 4 sna 5)

Charactensuce

Symbol | M | Max {unn

L gt Ciogs Pulse Wagih, Luw

Pwoy | 10 - ny

thoamun Clueh Puise Whain, kugh

Pyeen | 190 - ne

Cond Fregueray I - 306 (M,
Huse an0 bo. L 101 Gtk inpot Te et |~ 20 |
thetnary Adtes: Deidy Tane IMAD - W e
Raster Agoress Delay Turke TRAD - W60 | n
Coaplay Tatenyg Deta, Time 1DID - X | m :'

Mot $ene Oetay ¥ me

HED) - 20 1 m

Vetical Syfc Owtay Titw wsp | - [ 20 [ ms |
Cursen Lnsp sy Timung Deiay Tone tCpD - 250 | ny
Lt Fen Suotn Maarman fu se Wom PW, py | 8D - ns
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FIGURE 1 — TYPICAL CRT CONTROLLER APPLICATION
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BUS TIMING CHARACTERISTICS iSee Notes ) b0 21 (Reterence Fuowre: 3 ena B

——
'::::;“ Characteristic Symbal Meess MCBBAS | Mcozpas Unit
Min | Max | Min | Max | Min [ Mar

1 Coue Tire eye 10 - loer] - (2] - S
2 False Wanh, | Low Py 435 - piiV] - 210 - ne
3 False Varatn, | hugn Fdge |40} - wyl - 220 - s
4 ek Rt ana b Time L] - % - 25 - 20 ns
8 Lagress rog Vi (RS) , (Y% 10 - 10 - w - [
13 #5 Sciup Time betore 1Ls 8o - [r] - S - ns
14 * Wane €8 Se: o Tung Belore £ e 8| - 60 - 40 - "
B T Wana 0% me Vunw Wi -1 w| - lw/[-]m
18 Frao Daie Hond ' e [ 630 ) 20 [ 8900 | 20 | %00 [ m
Fa vonte Data Holg ™ ;e 0 - 10 - 0 - ns
3 Fergriers Ouipa Jate Dea, Time - 20| - 180 4 150 | ns
a1 Feng o dpun [iata Setup Lime 165 - 1 - (14 - ns

* The daio L.

FIGURE 2 — MUEBAS BUS TIMING
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FIGURE 3 — BUS TIMING TEST LOAD
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FIGURE 17 — CURSOR TIMING
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FIGURE 13 — CRYC VERTICAL TIMING
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FIGURE 12 - CRTC HORIZONTAL TIMING
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intel
2732A
32K (4K x 8) UV ERASABLE PROM

a 200 ns (2732A—2) Maximum Access s Industry Standard Pinout ... JEDEC
Time... HMOS*-E Technology Approved
. Compauble with High-Speed 8mHz s Low Standby Current...30 mA Maximum

iAPX 186...Zero WAIT State
Two Line Control
Compatible with 12 MHz 8051 Family

8 *x10% V¢ Tolerance Available
® inteligent Identifier™ Mode
s TTL Compatible

The Intel 2732A is a 5V pnly, 32,768 bit ultraviolet erasable and electrically programmable read-only-memory
(EPROM). The standard 2732A access time is 250 ns with speed selection (2732A-2) available at 200 ns. The
access time is compatible with high performance mictoprocessors such as the 8 MHz iAPX 186. In these
systems, the 2732A allows the microprocessor 1o operate without the addition of WAIT states.

An imporiant 2732A leature is the separate outpul control, Output Enable (OE), from the Chip Enable con-
trol {CE). The OF control etiminates bus contention in microprocessor systems. intel's Application Note
AP-72 describes the microarocessor system implementation of the OF and CE controls on Intel's
EPROMs. AP-72 is available {from Intel’s Literature Department.

The 2732A has a standby mude which reduces power consumption without increasing access time. The
maximum active cutrent is 125 mA, while the maximum standby current is only 35 mA, a 70% saving. The
standby mode is selected Ly applying the TTL-high signal o the CE input.

The 2732A:s fabricated with HMOS"-E technology, Intet’s high-speed N-channel MOS Silicon Gate Technology.

‘HMOS 15 a paténted process of Intet Corporation

© PIN NAMES
)__‘0 Ay ADDRESSES
[4] CHIP InaBLE
BE vpp | 0JTPUY ENLB.E g
. G -0, LUTPUTS
OAYA OUTPUTS
vee o 0p-07
e et Attt
GND o ¢| 1 ] 1
e PROGRAM ]

OBVpp —=|  BE AND
T —] CELOGIC

i

Y

OuTPUTY BUFFERS

Ap-Aqy —2| DECODER '~GA1|N9

KODRESS

INPUTS | ] i |
: x 32,768-817
T=| OtCODER CELL MATAIX

-

[l T

Flgure 1. Block Diagram Figure 2. Pin Conilguration



intel' 2732A

ABSOLUTE MAXIMUM RATINGS® *NOTICE: Stresses above those listed under “Absolute
Temperature Under Bias .. * ...... ~10'Cto + 80°C Maximum Ralings” may cause permanent damage 1o the
device This 1s a stress rating oaly ana lunclional oparation

Storage Temperature .. .. ....—65Cto +125°C ! e
Al Inpul or Output Vollagns wlm ol the device at these or any other conditions above those
Respect 10 Ground .v.vove vennnn. .. +6Vi0 - 0.3V indicated in the operational sections of this specilication
Valtage on Pin 22 with Respeci is not imphed. Exposure to absolute maximum rating con-
1oGround . . ... ... L+ 135V10 - 0.3V ditions for extended periods may allect device reliabiity.
Vep Supply Vollage wu(h Respecl to Grouns
Dunng Programming .. ........... +22Vio -0.3v
D.C. AND A.C. OPERATING CONDITIONS DURING READ
2732A/A-2/A-31A-4 2732A-20/A-25/A-30
Operating Temperature Range 0C-70"C 0°C~70°C
Vee Power SUDNY"? 5V 2 5% 5V = 10%
READ OPERATION
D.C. CHARACTERISTICS
Symbol Pursmeler Min. li,';:‘:‘sl Mox. Units Conditions
[ tnput Load Curtent 10 pA Yy Vi = 55V
o Output Leahags Current 10 wA | Voyr = 5.5V
lech? Ve Cutrent (Stzndby) 35 mA 1CE=V,, . OE=V,
ez Vec Current (Active) 100 mA (OE=CE=V,
Vi Input Low Voltaye -0.1 08 v i
Vin lpul High Voltaje 2.0 Vet !t v
Vou Outpul Low Voltage 045 V g =21mA
Vo Oulput High Voliage 24 V {lonw™= —400 A
Vep? Vs Read Voltage. 38 Vee v ] Vee= 5.0V 0.25v

A.C. CHARACTERISTICS

2732A-2 2732A .] 2732A-3 273244
2732A-20 | 2732A-25 | 2732A-30
Test
Symbol Parameter Min. IMax.|Min.] Max. |Min. |Max.]Min.{Max. |Units| Conditions1{
face Aadress to Qutput Celay 200 250 ‘[ 300 50 | ns |[CE=OE =V,
tee TE tc Output Deluy . 200 250 | 0 | 300 450 | ns |OE = v
tor | OE 10 Output Delay 70 100 150 150 | ns [CE=vV,
o 14 OF High 10 Outpul Not Driven ] o 60 [ 0 601 0 |10| 0o |13 ] ns |[CE=v,
ton Output Hoid trom Asdiesses, 0 0 (4] 0 ns |CE=OE = Vi
CE or OE Whicheve: Occuried
First
tA.C. TEST CONDITIONS .
Output Load . .. . ... S..1TTL gate and G = 100 bF Timing Measurernent Reterence Level:
Input Rise and FallTimes. .. ... ...... ..< 20 ns Inputs ... . i 0.8 ang 2.0v
input Pulse Levels ... ... .. ..... .. ...045V1024V Outputs ... .cviiiiaenna... .... .0.Bend20V

NOTES: 1. Voo must be applied s multanesusly or befoie Vep and removed s-mul'lanewsly of atter Vg,
2. Vpp may be connected r uecu) 12 Voo except during programming The supply cutrent wouig ther. be the sum of lee and tpp,.

3. Typcal values ate for 1, = 25'C and reminal supply voliages
4. This patameter is only samplec and is not 100% tested. Output Float Is delined as 1he 30 WM where data is no tonger

driven — see hrrung 0iar am on page 3.
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PROGRAMMING"!

D.C. PROGRAMMING CHARACTERISTICS : T, = 25 = 5°C, Vee = 5V 2 5% Vpp = 21V = 05V

f Limits .

) Symbol Parameter Min. Typ. Max. Units Test Conditions
' [ Input Curtent (ARl inputs) 10 A Vin=V, 01 Viy
"ve. Outzut Low Voliage Dunng Verily 045 V [l =21mA
 Vou Output High Voltage During Venity 24 lon= ~ 400 pA

{ lee Vee Supply Current 85 100 mA

[ Vi Input Low Level (All Inputs) -0.1 08

{ Vin Input High Level (A4 Inputs Eacept OENVg) | 2.0 Vee

Ll Ve Supply Current 30 mA | CE=v, DE= Vep
!_1:, Ay intghgent Identificr Voltage 1.5 125 v _“

A.C. PROGRANMMING CHARACTERISTICS: Ty =252 8C.Vee

=5V = 5% Vpp = 21V = 0.5V

. Pa Limils
Symbol — Parameter Min. Typ. Max, Unlts Test Conditionst
' tig Address Setup Time 2 us
"Mors + OF Setup Time 2 us
,ml—,‘,: ' Data Setup Tume 2 us
' Lan hogress Hold Time 0 us
totn O Hold Time 2 s
10w "Data Hold Time 2 us
’ thep . ﬁH.gn to Ouiput Kot Driven 0 130 ns
e , Data Valid from GE 1 #s | CE=v, OE=v,
Lip,., " TE Pulse wncn-_l:uung Programming z0 50 55 ms
: tpat : OE Pulse Rise Tiue During Programming 50 p ns
: tva ] Ve Recovery Tima 2 ")
tA.C. TEST CONDITIONS 7
Input Rise and Fail Times (10% 1o 90%) . . . .<20ns
Input Pulse Levels .. ..., cre e e 045v l024Y .
lapul Timimg Reference Level .. ..., ." 0.6V ana 2.0v
Output Timng Reterence Level ... ... ¢] sv_ and 2.0v
NOTES: v :

Y. Typrcal vaiues are tor Ta = 25°C and nomunat supply voltages

1

2. Trs paramete 1s valy sarnpled and 1s not 1005 tested Outpul N10a1 18 delin g as the POINL whote *BL& 18 10 lonyer Aliven —

StE Liung diagram

3 OE ma, te dela,ed up 10 1ecc—-tog aller the talling edge of CE without Impacling ty 4.

4 Vahen prigramming the 22324, 4 0 1,.F capacitol is required acr0ss GENVpp and groc™ 8 1o “uppress spunous voltage
e

Hansienls which ma) camage the oevice.
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2732A

Program Inhibit

Programnang of multiple 2732As in paralle! with differ-
ent data is also easily accomplished. Except for CE, all
like inputs {including OF) of the paraliel 2732As may be
common. A TTL leve! pregram pulse apphied 1o a 2732A°s
CE input with OE/Vpp a1 21V will program that 2732A. A
high tevel GE input intisits the other 2732As from being
programmed.

Verily

A venly {Read) should be purformed on the programmed
bils 10 oetermine thal they were correctly programrmed.
The verily 1s accomplished with OE/Vge and CE 8t V. Data
should be venlied tyy after e fathng edge of CE.

intgligent Identifier™ Mode

The intghgent Identiliet Wote atows the reading out of a
tanany code from an £EPROM that will identity its manutac.
turer and type This moade & intended for use by programm-
ing equipment for the putpose of automatically matching
the device to be programmed wrh its cotresponding pto-
gramming algonthm. This moae s functional in the 26°C
= 5°C ambient temperatwe range.

To activate this mode, the programming oquipai:nt must
lorce 1.5V 10 12,5V on address hne A9 (pin 22) of the
20820 Twerr wheattion hytes miay thun Lo G8Qubnced fron
it tfosaee vutpuls by logging eadress hine AU (pin b o
V, 10V, Altother address lines must be held it V, dunng
int higent ldentiticr Mode

Bytc 0(AD = V, )represents the manufacturer code and
byte 1 (A0 = V,,,) the device ic>ntihier code. For the Intei
2732A. these twodentifer byles are given in Table 2. Al
igentifiers for manufacturer ang gevice codes will possess
odd parity, with the MSE ;) detined as the parity bit.

Inte! began manulacturing 2732As during 1982 that con-
tained the intghgent identifier feature. Earlier genera-
tion devices 0o not contain identilier information, and i
erased, will respond with a “one™" (V) on each data line
when operated in this mode. Programemed, preidentifier
mode 2732As will respond with the current dala contain-
ed in locations 0 and 1 when subjecied to the intgligent
fdentitier operation,

System Consideration

The power swilching characleristics of HMOS-E EPROMS
require careful decoupling of the devices. The supply cur-
rent, Icc, has three segments that are of interest to the
syslem designer—the standby current level, the active cur-
rent level, and the transient current peaks that are produc.
ed by the lalhing and nsing edges of Chip Enable. The
magnitude of these transient current peaks is dependent
on the outpul capatitive loading of the device, The
associaled transient voltage peaks can be suppressed by
complying with Intet's Two-Line Control, as detailed in In-
lel's Application Note, AP-72, and by properly selecied
decoupling capacitors. t is recommended that a 0.14F
ceramic capacitor be used on every device between Voo
and GKD. This shoulo be a high frequency capaciior of low
inheren inductance and should be placed as close to the
device as possible. In addition, a 4 7uF bulk electrolytic
capacitor should be used between Vg and GND for every
elght gevices The butk capacilor should be iocated noar
whaote the powar supply 1S connected 1o the array. The pur-
pose of the bulk capacitor iy 10 overcome the voltege
droop Geustd by the inouctive eltuc s of FC DuntQ Wtaces,

Toble 2. 27324 intgligent identiiiar™ Bytes

Plis| Ay 0y O¢ [+ 2% T 0, [+23 02 0y [+73 Hea
joentitier T~ [ )} (n {18) 0ns) (14) {13) (1) {10) (1] Data
Munafaciuret Code i 1 o0 [ [ ] [ o | L1
Device Code ¥ v [ [} 0 [ 0 [ [ 0
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PROGRAMMING WAVEFORMS
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CAPACITANCE!®! (1, = 25°C.1 = 1 MH2)
Symbol Parameter Typ. { Max. | Unit {Condlitions
Ciny Input Capacitance ’
Except OE/Vpp 4 6 pfF [Vin = 0V
Cinz OENep Input
Capscitance 20 pF |Vin = OV
Cout | Output Cepaciiance 8 12 pF {vour = OV

A.C. TESTING INPUT/IOUYPUT WAVEFORM

A.C. TESTING LOAD CIRCUIT

W=

AC HSING

INFUTS ARE DRIWVEN A" SaAVIDRALOGL 1 AND G 4L $0OR
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Intel 2732A

ERASURE CHARACTERISTICS

The erasure characteristics o the 2732A are such that
erasure begins 1o occwr upon exposure 1o light with
wavelengths shorter than approximately 4000 Angstroms
{A). It should be noted that sunlight and certain types of
fluorescent tamps have wavelengihs in the 3000-4000 A
range Data show that constant exposure 1o room leve!
fivorescent highting could erase the typical 2732A in ap-
proximately 3 years, while il would take approximately 1
weeh 10 cause erasure when exposed 1o direct sunhight. if
the 2732A s tc be exposed to thase types of lighting condi-
tions for extended periods of time, opaque Iabels should
be placed over the 2732A winduw 1o prevent unintentional
efrasure,

The recommended erasute procedure for the 2732A is
exposure 1o shoriwave ultiaviolet light which has a
wavelength of 2537 Angstroms (A). The integrated dose
(1.e., UV intensity X exposute timie) for erasure should be
a minimum of 15 W-sec/cm?. The erasure time with this
dosage is approximalely 15 10 20 minutes using an
ullraviolel lamp with 12000,\%/cm? power tating. The
2732A should be placed within 1 inch of the lamp tubes
during etasute.

DEVICE OPERATION

The s> modes of opetation of the 27324 are listed in Table
1. A single 5V power supply 1s reguired in the read mode.
Allinputs are TTL levels except tar OE/Vpp duning program-
ming and 12V on Ag for the inlghigent Idenntier’™ mode. In
the program mode the OENpp input is pulsed trom a TTL
level to 21V

Table 1. Mode Selection

PINS U | Otivgy | A | wee OUTPUTS
MODE 8 (20 @z | (24 (#11,1317)
Read Vi Vi X 5 Oour
Output Disatile Vi Visg L§ +5 High 2
Siandby Vi X X +5 High 2
Program N Vep X +b Oy
Progrem inhibn Vin Vpp x +d tph 2
Intahigent loentirer Vi, Vip Vit 8 Caxte

holes 1 X Can 1 Vi 0 V) - 9

2 Vs 120 205V

Read Mode

The 2732A has two control functions, both of which must
be logicatly active in order 1o obtain data at the oulputs.
Chip Enable (CT) is the power control and should be used
for device selection. Output Enente (OE) is the output
contiol and should be used 1o gate data from the output
mns, independent of device seleciion. Assuming that ag-
dresses are stanle, address access hime (tace) is equal to
the delay from CE 10 output {ic,) Data is available al the
outpute after the talling edge of OF, assuming that CE has
been low and addresses have been stable for al least

tucc— o€ -

Standby Mode

The 2732A has a standby mode which reduces the max-
imum aclive current from 125 mA to 35 mA. The 2732A is
placed in the standby mode by applying s TTL-high signal
to the CE input. When in standby mode, the outputs are In
a high impedance state, independent of the OF Input.

Qutput OR-Tieing

Becausé¢ EPROMs are usually used in larger memory ar-

rays, Intel has provided & 2 hine control function that ac-

commodates this use of mulliple memory connection,

The two line control function aliows for:

8) the lowest possible memory power-dissipation, and

b} complete assurance thal oulput bus contention will
not occur.

To use these two control lines most etliciently, CE (pin 18)
should be decoded and used as the primary device selec-
ting function; while OE (pin 20) should be made a common
conneclion (o all devices in the arrsy and connected to the
READ tine from the system control bus This assures that
all deselected memory devices are in their low power
standby mode and that the outpul pins are aclive only
when data s desited from a particular memory device.

.

PROGRAMMING

CAUTION: Excesding 22V on Pin 20 (DEN pp) will
pormanently damage the 2732A.

Initially, and after each erasure, al! tits of the 2732A are
in the 1" stale. Data is introduced by selectively pro-
grammung “0's" into the desited bil lucations Although
only “0's” will be programmed, both “1's™ and "0's" can
be piesent in the data word. The only way to change a
“0" 10 a 1" is by vltraviolet light erasure.

The 2782A 15 in the programming mode when the OENVpp
1nput is at 21V 1t s required that a 0 1 uf capacilor be
laced across OE Vpp and ground to suppress spunous
voltege lrgnsients which may damage 1he device The data
to be programmed is applied 8 bits 1n parslic 1o the data
cutputl pins The levels rtequired 101 the acdiess and dala
inputs are TTL.

when the address and data are stable a L0 msec, aclive
low, TTL program pulse 15 apphed 10 the CE input. Apro-
gram pulse must be applied at €each 5031ess localion to be
programmed You can program any ‘ocation al any time
---either individually, sequentially, or at random. The pro-
gram putse has 8 mayimum width of 55 msec. The 2732A
must not be programmed with a DC signal applied 1o the
CE mnput.

Progiamming of multiple 2732As 1n patallel with the
safne dala can be easily accomplished due 1o Lhe simph-
city of the programming requirtemerts Like inputs of the
paralieleg 2732As may be connected togetner when they
are programmed with the same data Alowlevel TTL pulse
applied {0 the CE input programs the paraltelea 2732As



2764A
ADVANCED 64K (8Kx8) UV ERASABLE PROM

s Intgligent Programming™ Algorithm
—Fastest EPROM Programming

» Low Power » inleligent ldentifier™ Mode
—60 mA Maximum &ctive —Automated Programming Opetations

—20 mA Meximum 5tandby e Compatible with 2764, 27128, 27256
= Two Line Control & *10% Vcc Tolerence Avalleble

s Fast 180 nsec Access Time
—HMOS 11*-E Technology

The Intel 2764 A is a 5V only, 65,536-bit ultraviolet erasable and electrically programmable read-only memory
(EPROM,). The 2764A is an advanced version of the 2764 and is febricated with intel's HMOSII-E technology
which significantly reduces die size and greatly improves the device's performence. power consumption,
reliability and producibiity.

The 2764A provides access tirmes 10 180 ns/2764A-1). Thisisan improvernent over the fastest 2764 access time 01200
ns This is compalible with b yh-performance mictoprocessors, such as Inlel's 8 MHz IAPX 186 allowing full speed
operation without thie additio of WAIT states. The 2764A is also ditectly compatible with the 12 MiHz 8051 family.

Several advanced fealures have been tesigned into the 2764A that allow fast and reliable programming—the
inteligent Programming Algonthm and the intyligent Identifier Mode. Programming equipment that takes advantage of
these innovations will electronically identity the 2764A and then rapidly progtam it using an efficient programming
method.

The 2764A also olfers reduced power consumplion compared to the 2764. The maximum aclive current on
faster speed paris is 60 mA while the maximum standby current is only 20 mA. The standby mode lowers
power consumption without increasing access time.

Two-line control and JEDEC-approved, 28 pin packaging are standard features of all Intel higher density EPROMS.
This ensuies easy mic1oproc:ssor inlerfacing and minimum design efiorts when upgiading, adding or choosing
between non-volatile memory alternatives. )
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ABSOLUTE MAXIMUM RATIRGS®

Tempersture Under Bias e .=10°Cto +80°C
Storage Temperatute . . ... ...... -65°C10 +125°C
All Input or Output Voliages with’

RespecttoGround . ............. +6 5V 10 -0.6V
Voltage on Pin 24 with

Respectto Ground . ..., ..., 4+13.5V1i0 -0.6V
Vpp Supply Voltage wil Fespect 10

Ground During Progremming ........ - 14Vto ~ 0.6V

*NOTICE: Siresses above those histed under “Absolute
Maximum Ralings” may cause permanent damage to the
device This is a stress rating only and lunctional opera-
tion of the device al these or 8ny other condilions above
those indicsled in the operalional sections of this
specitication is not imphed. Exposure 1o absolute maxi-
mum rating conditions fot extended periods may stisct
dovice rehability.

D.C. AND A.C. OPERATING CONDITIONS DURING READ

2764A-1, 2764A-2, 2764A
2784A-3, 2764A4

2784A-20, 2T84A-28
2764 A-30, 2784 A48

Oporating Tempetature Fsnge 0‘-70°C 0-70C
Vee Power Supply’ 2 5V 2 5% 5V = 10%
Vpp Voltage® Vep = Vec Vep = Vcc
READ OPERATION
D.C. CHARACTERISTICS
Limits =
Symbol . Parameter tin Typ? Max Unh Conditions
W input Load Current 10 uA Vin = 5.5V
ho Output Lesku e Curront 10 %, Vour = 5.5V
Ippy? Vpp Cuttent head s mA Vpp = 4.5V
iccy? Vec Cutrent Siangby 20135° mA CE =~ vin
icea® Vee Cutrern Active s0/75° mA TE = OF = vy
Vi Inpul Low Vultade -1 +B \
Vin tnpJat High Vo tsge 20 Vee v
Vo Oul';-ul Lowm ¥WDltage | 45 v log = 21 mA
Vou Output High Voltage 24 v lon = —400 uA
vpn? Vpp Read v, ispe it Vee v Vec = S0V 2 0.25V
A.C. CHARACTERISTICS .
ITE4A-2C 8 | 27044280 27044308 | 2TA48 8
2THAM 1 Limits Lipeqa-3 Limite] 2764A Uimits | 276443 Limits 276444 Limits Yost
$ymbol Faramelet Min | Max i | Max | ®in | Mer| Min | Mex | Min | Mex | Unit Contitiont
twee | Address to Output 180 2% 250 300 450 | ns |CE~OE=vy
Delsy
‘e CE 1o Outpul Deloy 180 220 250 300 450 | ns [OF=vy
toF OE 10 Output Deley [ 5 0o 120 150 | ns [CEavy
toe! BF or CF High 1o o ss | o] s5{ o0 60] o | 105 | o | 130 | ne [CEavy
Output Dats Toat
1on OutputHolg trom,__ | © 0 0 (! 0 ns [CE~OE=vy
Addresses CE ot OF
Whichever Occurred -
First )
NOTES: 1. V¢ must be appued simultaneously o belore V., snd removed simullaneoush or atter V,,
2, Vo Mmay be CONNEcted Oitectly 10 Ve @rcept duning programiming The supply curtent would then be the sum otlec and by,
3 Yypical values are tor \, = 25°C and nd~unal supply vollsges
4. This parametes 15 only samplea ang 1t not 100 tesied Outpul Fiost is delined 8 the point whete dals is no longer

ariven — set birung Cisgram on the 12lowing paje.

5 Maxige 1aing oilfers wilh access me Fsung of 6 mA active #na 20 mA stsndby ate tor 2764Ax 21200 nsec and 183 nsec sccesy

time onty
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A.C. PROGRANMING CHARACTERISTICS:

Ta =25+ 5°C, Vee = 6.0V = 0.25V, Vpp = 12.5V = 0.5V

Limits Test Conditions®

Symbol Parameter Min. Typ. Max. | Unlt (see Note 1)
'us Address Sectup Time 2 us

lots OE Setup Time 2 us

tos Data Setup Yime 2 pS

tan Address Hold Time 1 0 us

ton Data Hold Time 2 us

torp! OE High to Output Floal Delay ‘o 130 ns

typs Vpp Setup Time 2 us

tycs Vee Setup Time 2 us

tpw PGM Initial Program Pulse Width 0.95 1.0 1.05 ms {see Note 3)

lopw 4 PGM Overprogram Pulse Width 2.85 7875 | ms _(see Note 2)

toc Data Valid from OE 150 ns
*£.C..CONDITIONS OF TEST NOTES:
Input Rise and Fall Times (10% 10 90%) . 20 ns ' Vcc must be applied simullancously o belore Ve

znd removed simultaneously o1 atter Vep.
Input P}IISE Levels. ... 7 045V o 24V 2. The lengin of the overprogram pulse may vary from
Input Timing Reference Level.... 0.8Vand 20V 2 85 msec 10 76 75 mseé as a function of the ileration
Output Timing Reference Level ... 0.8V and 2.0V counter value X.
) 3 inihal Program Pulse w.0th tolerance is 1 msec =5%
4 This patameler 1s only sampled and ig not 100%

tested Output Float is oefined as the point where

data ts no longer driven—see iming d.agram
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intgligent Programming™ Algorithm

The 2764A inteligent Programming Algorithm
rapidly programs Intel 2264A EPROMs using an efti-
cient and reliable method particularly suited to the
production programming environment. Typica! pro-
gramming time for individual devices is on the order
of one and & hall minules Programming reliability is
alsa ensured as the inctemental program margin of
each byte is continually monitored to determine
when it has been successtully programmed. A flow-
chart of the 2764A inteligent Programming Al-
gonithm is shown in Figure 3.

The intghgent Programming Algonthm utifies two
ditterent pulse types. inal and overprogram. The
duration of the inhial PGM pulse(s) is one millisecond,
which will then be lolluwed by a longer overprogram
pulse ofiength 3Xmsec Xis an iteration counter and is
equal 1o the number of the iratial one millisecono pulses
apphied 1o a panticular 2764 A location, before a cortect
venty occurs Upto 25 one- nillisecond puises per byte
are provided for belore 1ie overprogram pulse is
apphed.

The entire sequence of program pulses and byte
veritications Is performed at Voo = 6.0Vand Vpp =
12.5V. When the intgligent Programming cycle has
been completed, sl bytes should be compared to the
oniginal ¢aia with Vec = Vpp = 5.0V,

Progrem Inhibit

Programming of multiple 7764 As-in parallel with dif-
ferent dala is easily accomplished by using the Pro-
gram Inhubit mode. A high-level CE or PGM input
intubits the other 2764 As from being programmed.

Teble 2. 27644 Inig ligent Identitier™ Bytes

Except for CE, all like inputs (including OE) of the
parsllel 2764As may be common. A TTL low-level
pulse applied 10 the CE input with Vpp at 12,5V will
program the selected 2764A.

Verlty

A verify should be performed on the programmed
bits to determine that they have been correctly pro-
grammed. The verily is performed with OF a1 vy, CE
al Vi, PGM at Vi and Vpp at 12.5V.

inteligent identifier™ Mode

The intgligent Identitier Mode aliows the reading out
of a binary code from an EPROM that will identity its
manulacturer and type. This mode is intlended for
use by programming equipment for the purpose
ol automaticelly malching the device to be pro-
grammed with its corresponding programming algo-
rithm. This mode is functional in the 25°C =5°C
smbitnt temperature range that is required when
programmiing the 2764A. :

To activate this mode, the programming equipment
rmuct force 11.5V to 12.5V on address line A9 (pin 24)
of the 2764A. Two identifier byles may then be se-
quenced from the device outputs by toggling ad-
dress lina AD (pin 10) from V_ to V). All other
address lines must be held 8t V| during intgligent
identihier Mode.

Byte 0 {A0 = V| ) represents the manufacturer code
and byte 1 (A0 = V) the dovice identifier code. For
the intel 2764 A, these two identitier byles are given in
Table 2. All identifiers for manufacturer and device
codes will possess odd parity, with the MSB (0y)
defined as the parity bit.

Pine | &g 0, 0 0, 03 0, 0, 0o Kex
Ioentifier {10) (15} (18) ans | og | a5 (13) (12} 1) Data
Wanufacturer Code ViL 1 0 .0 1 0 0 1 69
Device Code Vin 0 0 . 0 1 0 0 0 08
NOTES:

Y Ay - 120V208V .
2 A=Ay, Ao-Ayy, CE, OFE « V)
3 A= Vimor Vg
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s1any

ADOR = FIRET LOCATION

Yoo - 8.0V
VYep = 128V

FAIL

PAROGhAN ONE PULSE
OF 33 msec DURATION
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Figure 3. 2764A inteligent Programming™ Flowchart
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1 ALLTINES SHOWK IN| | ARE MINIMUM AND IN 4 SEC UNLESS O1 HERVISE SPECIFIED

2. THE INPUT Tiv :G REFERENCE LEVEL IS .6y FOR Vy AND 2V FOR AV,

3. tog AND tprp ARE CHARACTERISTICS OF THE DEVICC BUY #US1 BE ACCOMMODATED BY THE PROGRAMMER.

4. WHEN PROGR AMMING THE 2764A, A 0 1 4 F CAPACITOR IS REQUIRED ACROSS Vpp AtD GHOUND TO SUPRESS
SPURIC.S VC.TAGT TRANSITNTE WHICH CAN DAMAGE THE DEVICE.
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ERASURE CHARACTERISTICS

The erasure characteristics of the 2764A are such
that erasure begins to occur upon exposure to hght
with wavelengths shorier than approximately 4000
Angstroms (A). It should be noted that sunlight and
certain types of fluorescent lamps have wavelengths
in the 3000-4000A range. Date show that corstant
exposure to room level tluorescent lighting could
erase that typical 2764 A in approximalely 3 years,
whle il would take approximately 1 week 1o cause
erasure when exposed 1o direct sunhght. 88 the
2764A is 10 be exposes 10 these types of lighting
conaitions for extended periods of time, ogaque
labels should be placed over the 2764A window to
prevent Unintentional erasure.

The recommended erasire procedure for the 2764A
is exposure to shortwave ultraviolet light whict.has &

Intgligent Programrming™ Algorithm

D.C. PROGRAMMING CHARACTERISTICS:

wavelength of 2537 Angstroms (A). The integrated
dose (i.e., UV intensity X exposure time) for erasure
should be a minimum of 15 Wsec/cm?. The erasure
time with this dosage is approximately 15 to 20
minutes using an ullraviolet lamp with a 12000
aWiem? power rating. The 2764 A should be placed
within 1 inch of the lamp tubes during erasure. The
maximum integrated dose & 2764A can be exposed
to without damage is 7258 wsec/em? {1 week @
12000 uW/cm?), Exposure of the 2764A to high in-
tensity UV light for long periods may cause per-
manent damage.

RELEVANT IKTEL LITERATURE

AR-265 Versatile Algorithm, Equipment Cut
Programming Time
RR-35B EPROM Reliability Data Summary

Ta =25 = 5°C, Vge = 6.0V 2 0.25V, Vpp = 125V = 0.5V

Limits Test Conditions
Symbol Paremeter A Min. Mex. Uqll (see Note 1)
b Input Current (All Inputs) 10 pA Vin = VL or Vi
Vi Ippui Low Level {All Inputs) -0.1 0.8 v
Viy Input High Level 20 Vee v
Vou Outpul Low Voltage During Verty 0.45 v loo=21mA
Vo Output High Voltage During Venty 24 v lon= —-400 uA
lcea Vee-Supply Current (Program & Verily) 75 mA
lee2 Vpp Supply Cuitent (Program) 50 mA | CE=V,
V.o Ag intgligent Identifier Vollage 11.5 12,5 v

NOTES: i

1 Vee must be applied simulianeousty or before Ve and removed simultangously or afler Vep.
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DEVICE OPERATION

The seven modes of oparation of the 2764A are hsted
in Table 1. A single 5V power supply is required in the
read mode. All inputs are TTL levels except for Vpp
and 12V on A9 tor intghgent identifier mode.

Tabie 1. MODE SELECTION

PINS Ouputs
€t | ot 1PCH Ver tVeC [yyayy, 18-

" -n,
uoo(\ 2o z2if 27 Je26p] o) Lam [N

Fesd Vig [Vip L vin { X svecsvee Oou1
Output Drsabie ViL [Vin|MiH | X {vYce Vel Henl
Suance f

Standuy Vin] X X X IVecivee |, Hgh
Venty Vi fvig {vin | X Tveplvec] Doyt
Peogram Intubit Vin{ X x | x 'vpp ¥ee| tHan

g ngentigentibier |V 1V | Vi [ Ve 1 Veg! bee Cooe

ntghgent
Programming Vit Vil Y | X | Veeiveg Opn
HOTES

t X canbe Vi, o Yy

2 V2120V -0 5V

READ MODE

The 2764 A has two contral functions, both of which
mus!t bz logically active in order 10 obtain aata at the
outputs. Chip Enable (CE) is the power contro! and
should be used for device selection Output Enable
(OE) is the output controt and shou!d be used to gate
data from the output pins, independent of device
sclection. Assuming thal addresses are steble, the
eddress access time (tacc | is equal to the delay from
CE to output (1cg). Data is available at the outputs
atier & delay of tog tiom the faliing edge of OE,.
assuming thet CE has becn low end addresses have
been stable for &l least tacc =~ toE.

STAKDBY MODE

The 2764A has standby mode which reduces the
maximum current from 75 mA 10 35 mA. The 2764A is
placed in the standby mode by applying a TTL-tugh
signal to the CE input. When in stangby mode, the
outputs are in a high impedance state, mdepcndent
of the OF input.

Output OR-Tielng

Because EPROMs are usirally used in larger memory
arrays, Intel has provided 2 control fines which ac-
commodate this multiple memory connection. The
two control lines allow for:

a) the lowes! poscible memory power dissipation,
and

b) complele assurance that output bus contention
will not occur.

To use these two control lines most efficienlly, CE
{pin 20) should be decoded and used as the primary
device selecting function, while Ot (pm 22) should
be made a common connection Lo all devices in the
array and connected to the READ line from the sys-
tem controt bus. This assures that all deselected
memory devices are in their low power standby mode
and that the output pins are active only when data is
desired from a parlicular rnemory device.

System Consideratlons

The power switchung charactenistics of HMOSH-E
EPROMs require careful decoupling of the devices.
The supply current, Igc, has three segments that are
of interest to the system designer—the standby cur-
rent level, the active current level, and the transient
current peaks that are produced by the falling and
rising edges of Chip Enable. The magnitude of these
transient current peaks is dependent on the output
capacitive loading of thé device  The associated tran-
sient voltage peaks can be suppressed by complying
with Intel's Two-Line .Control, as deteiled in Intel's
Application Note AP-72, Order Number 8566, and by
piopetly selecied decoupling capacitors It is recom-
mended that a 0.1 pF ceramic capacitor be used on
every device between Ve and GND. This should be a
high trequency capacitor of low inherent inductance and
should be placed as close to the device as possible. In
addilion, a 4.7 ufF butk electrolytic capacitor should be
used between Ve and GND lor every eight devices.
The bulk cepacitor should be loceted neat where the
power supply is connecled 1o the array. The purpose of
the bulk capacitor is 10 overcome the vollage droop
caused by the inductive efiect of PC board-traces.

PROGRAMMING MODES

Ceution Exceeding 14V on pin 1 (Vg will permanently
damege the 2764A.

Initially, and atter each erasure, al! bits of the 2764A
are in the "1" state. Data is introduced by selectively
programming “0s” into the desired bit locations. Al-
though only * 0s” wil. be programmed, both “1s" and
“0s” can be present in the data word. The only way to
change a “0" to a “1" is by uitraviolet light eracure.

The 2764A is in the programming mode when Vpp
inputis 81 12.5Vanad CE and PGM sre both at TTL low.
The date to be progremmed is applied 8 bits in paral-
le! to the data output pins. The levels required for the
address and data inputs ate TTL.



i ¥ ‘ PRELIMINARY

27128A
Advanced 128K (16 x 8) UV Erasable PROM

& Fast 150 nsec Access Time & Intgligent Programming™ Algorithm
— HMOS" lI-E Technology — Fastest EPROM Programming

m Low Power 8 Inteligent Identifier™ Mode
— 100 mA Maximum Active — Automated Programming Operations
— 40 mA Maximum Standby B Compatible with 27644, 27128, 27256

x Two Line Control B 110% Vcc Tolerance Avallable

The Intel 27128A 15 a 5V only, 131,072-bit ullraviole! erasabie and electrically programmable read-only memo-
ry (EPROM). The 27123A is an advanced version of the 27128 and is fabricated with intel's HMOSH-E
technology which signiicantly reduces die size and greatly improves the device's performance, rehability and
manulfaciurability,

The 27128A is availabla in fast access times including 200 ns (27128A.2) and 150 ns (27128A-1): This
ensures compatibility wiih high-performance microprocessors, such as Intel's 8 MH2 iAPX 186 allowing tull
speed opetation withoul lhe addition of WAIT states The 27128A is also dueclly compatible with the 12 MHz
6051 tamily.

Severa! advanced featui.s have boen designed into the 271284 thal altow fast and reliable programming—the
nighgent Programming Algonthm and the inteligent Identilier Moda. Programming equipment that takes ad.
vantage of these innovations will electronically identify the 27128A and then rapidly progrem it using an
efficient programming method. ( B

Two-line control and JEDEC-approved, 28 pin packaging are 'siandard fealures of all Inte! higher density
EPROMSs. This ensures ¢asy microprocessor interfacing and minimum design etlorts when upgrading, adding
ot choosing between no-.-volatile memory alternatives.

*HMOS is a patenied process of Intot Corporation
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ir‘té' 27128A

PRELIMINARY

ABSOLUTE MAXIMUM RATINGS®

Temperature Under Bias . ........ -10*C1to + 80°C
Storage Tempetature .......... ~65°Cto +125°C
All Input or Output V'oltages with

RespecttoGround ........... +6.25Vt0 ~ 0.6V
Voltage on Pin 24 with

RespecttoGround ........... 4 13.5Vto - 0.6V

Vpp Supply Voltage with Respect to
Ground During Programming ....4 14V io - 0.6V

*NOTICE: Stresses above those listed under *Abso-
lute Maximum Ratings" may cause pesmanent dam-
age lo the device. This is & stress ralting only and
functional operation ol the device at these or any
other conditions abave those indicated in the opera-
tonal sections of this specification is not implied. Ex-
posure lo absolute maximum rating conditions for
aextended periods may affect device reliability.

D.C. AND A.C. OPERATING CONDITIONS DURING READ

2712BA-1,27128A-2, 27128A-3

27128A-20, 27128A-30

Oparating Temperature Range 0-70C 0 -70C

Ve Power Suppiyt. 2

5V:5% 5V110%

Vpp Vollage?2 Vpp= Voo Vpp= Ve

READ OPERATION

D.C.CHARACTERISTICS >
1
Symbol Parameter Lanits Conditions
Min Typ3 Max Unlt
It Inp.Jt Loud Current 10 ~pA Vin= 5.5V
ho Output Leakage Current 10 pA Voys = 5.5V
lppy 2 Vp;: Cunent Read 5 mA Vpp = 5.5V
lecy? Vi Curtent Standby 40 mA CE=Viy
lec? Vi, Curiont Active 100 mA CE=0OE=V
ViL Inpt Low Voltage = +.8 Vi
Vin Ingrat High Voltage 2.0 Vet t \4
VoL Owlput Low Voltage 0.45 v foL=2.1mA
Vou Output High Vollage 2.4 \4 lon= 400 puA
Vpp2 Vp. Read Voltage 38 Vee \4 Vee=50V1.25
A.C. CHARACTERISTICS
27128A-1 27128A-20'8 27128A-30 & Test
Symbol Parameter Limits 27128A-2 Limits 27128A-3 Limlts Unit Conditions
Min | Max Min . Max Min Max
tace Address 1o Output . 150 200 300 ns | CE=DE=vy
Delay
E CE to Outp it Delay 150 200 300 ns | OE=vy
o OF to O uiDelay | . 65 1. 75 100 ns | CE=vy
toFt OE High t Output 0 55 0 55 0 " 60 ns | CE= vy
Fioat .
tom Output He. d from 0 0 0 ns | CE=DE=vy
Aduiesses CE or OE {
Whicheve - Occurred
Firs!

KOTES:

1, Vcg must be apphed simulianeously or befote Vpp and removed simulianeousty of after Vpp.
2. Vpp may be connected duectly 1o Voo escept duting pragramrhing. The supply current would then be the sum

of lcc and lpps.
3. Typice! values ere 107 1, = 25°C and nominal supply voltages.

4. This patameter is only sampled and is nol 100% tested. Output Floal ic defined ar the point whete daja is

no longer driven—se« timing diagram.



CMOS Microprocessors, Memories and Peripherals

CDM6116A
CMOS 2048-Word by 8-Bit
AT~ 4 24— vpo . Y y -
VS PN S Static RAM
as—i 22— A9 .
= 2 l— ¥t Festures: ' '
as— s 20— BE s Fully static operation ® Indusliry stendard 24-pin conhguralion
PP I 's b 410 » Single power supply: 4.5V 1055V s Chip-enable gales address bullers lor
a7 ve b i s Allinputs and culpuls ditectly TTL minimurn standby current
20— o i b— 1s08 compatible e Data retention vottage: 2 V min
1701 =9 16 fm 1707 » 3-state oulpuls _
1702 —j10 19— 1/08 CDM6116A-2]CDM6116A-3 CDMBI16A-9
‘;” : :; :: [ ::: Acccss Time (max ) 200 ns 150 ns 250 ns
s T Output Enable Time (max ) 120 ns 60 ns 150 ns
1E3- Se 4L Opeiating Temperature 0% 10 +70°C 40° 10 +B5°Q
Operating Current {max.) 35 mA 35 mA 40 mA
TERMINAL ASSIGNMENT Standby Current
focs: (max ) 30 pA 50 pA 100 uA

The RCA-CDMB116A is & CMOS 2048-word by B-bit stalic
random-access memory. It is designed lor use in memory
systems where nigh-speed, low powsr and simplicity inuse
are desirable, This device has commain data inpuls ano data
outputs and utilizes a single power supply o1 4.5 V1o 55V.A
chip-enable input and an cutput-enudle input are provided
for memory eapansion and outpul biufler control,

The chip enable (EE) gales the address and output buffers
and powers down the chip to the low power standby mode.

The output enable (OE) controls the output butlers 10
eliminate bus contention

The CDME116A-2 and CDMB116A-3 have an operatling
tempeiature range of 0° 10+ 70°C. The CDME116A-G hasan
operating lemperature range of -40° to - 85°C.

The COM6116A-2 and CDM6116A-3 are supphed in a 24-
lead dual-in-line plastic package (E sutfix). The COM.
6116A-91s supphiedina 24-lead dual-in-line plastic package
(E sutix) and a 24-lead dual-in-line side-brazed ceramic
pachage (D suthix).

21 0———r - b 1700

A9 —— i E— p—— 1707

49~ — | m— - 1706

AT =1 weut | ] v | i2bsize | [ 102

A6 -— &LDEL !:‘ss oec ODE , NEZTRY, b cyl‘:gv e 1704

as g BUFTL : I F—1 eurFLRs [ 1/0%

a4 —— e | i b 37002

Ay — — | =1 b 1701

L2 et S_— -

ot —— am— -

AD ——{ EwaBLE

€t ~— -0 VpD

ﬁ.——-—- { B:;;:ZCOL 4 -0 Vge

ot —f

L SICM-36%4)
. If:q‘ 1 ~ Functional block diegram.
TRUTH TABLE F:

— —_ — . : DEVICE
CE Ot WE AO T9 A10 MODE 101 7O 1708 CURRENT
H X X X NOT SELECTED HIGH 2 STANDBY
L L H STABLE READ DATA OUT ACTIVE
8 H [ STABLE WRITE DATA IN ACTIVE
L L 1 L STABLE WRITE DATA IN ACTIVE

LsLOW Hs*HIGH XesHorl



Random-Access Memories (RAMs)

CDM6116A

MAXIMUM RATINGS, Absolute-Maximum Ratings
DC SUPPLY-VOLTAGE RANGE (Vo)

03107V
-03t0<7v
................................................. 210 mA
POWER DISSIPATION PER PACKAGE (Pp)
ForTas ~40% 20 60 C (PACKAGE TYPE E)...ovvvniiiiiiiiiiiiiiit ceeiii i aeee e e eeaeee e 500 mw
For 1.2 <60° 10 <65* C (PACKAGE TYPEE) ............ e v et eaeeieneirereetiiee aeaaeaas Derate Linearly 8t &8 mW/* C 1o 300 mW
ForTas ~40° 10 ~B5* C (PACKAGTH TYPE D e e e e T 500 mw
DEVICE DISSIFATION FER OUTPUT TRANSISTOR
ForTat FULL FACKAGE-TEMPEAATURE RANGE (All Pacuage Types) ... oooiiiiiiiiii i s 100 mw
OPEFATING-TEMPERATURE RANGE (T.)
CDMINEA-Z COMEII6A-3 (PACKAGE TYPE E) . .vtiiininiiiitieniiiiet ciniie eatiinieneies veree el Oto+70°C
COMELIBA- FACKAGE TYFESD. E).....uut.. B D -40 10 <85°C
STORAGE TEMPERATURE RANGE (Taxd. oouiruivniisniiiineine et aaens i iiin et sea e e e e e ~5510 +125°C
LEAD TEMPERATURE (DURING SOLOERING)
Atgatance 1IE 2 1/324n. (1593 079 mm) rom c5€ 107 108 MBK. . oo oevet eviiiiiiiiins e *265°C

OPERATING CONDITIONS #1 T4 = 010 +70°C, (CDM611€A-2, COMET1EA-3); T, = ~40° 10 485°C (CDME116A-9)
For mesimum sallebliity, operaling conditions should be selected 5o tha! opsistion Is always within the following ranges:

[ LIMITS
CHARACTERISTIC ALLYYPES UNITS
MIN WAX,
DC Operating Voltzge Range 4.5 55
Input Voltage Renge * Vi 22 Voo ¢ 0.3 v
Vi -0.3 0.8
Input Signet Risc o1 Fall Time A (R - 5 ”S

b Inpul 80Nkl Sk 8NO Tt times 10NGEr TREN the Maximum value Cen cause 10SS O stored Gete in the selecied mode
STATIC ELECTRICAL CHARACTERISTICS al T4 = 010 +70°C (COME116A-2, CDM6116A-3);
Ta: -40' 10 485 C (COMEVIBA-H), Voo, = 5V = 10%, Except as noted

LiMITS
CHARACTERISTIC CONDITIONS COMETI6A-2 COM6116A-3 CDME116A-9 UNITS
MIN.| TYP.® MAX.IMIN.| TYP.® w\x. MIN.| TYP.” PAAX,
Stencoy Device  loos €L Vi — | o6 |2 |~jos [2]—=]o0al2] m
Current looss | CE = Vpo-0.2V ~ ) v qal—=1 1 |so]=1 1 [rw0] ua
Output Volage oy = 21 mA —_ = 04 ] ~ = 04| — — 04 v
Low Leve! Vo ex | lo. t 1 pA N R - | = 01 - - 01 —
Output Voliage fow # =1 mA 3 — — 124 - - |24 - - v
ngh Level Vo Win, fom # =1 ph — Nopc-5.1 -_— -— V;a'o 1 —_— — Nop-0.1 —_—
Input Leakage Voo * £ 57N — | zoalz2{ = | 200 | z2| = | =01 22
Current Lo, WEX \:: : oim Ves oA
3-Siete Output CEor OF & v,
Leekage ~ | =05 =2] — 08 | 22} — =05 | 2
Current loun Vio 0 V10 Vps
Operat "
A Vi ® Vi, Vi — ] 2 |3 |~ 20 [as|~] 28 (40| ma
Current loses®
Input Vins OV, _ ¢ — 4 6 - 4 6
Cepeciernce Ci fziMr2 Tar 28¢C 6 of
Output Viez0V, e - g | — 6 8
Cepec.tence C.e $= 9 MH2 T, =280 .6 8 6
*Typice’ values are for Ta = 254 C eRc nomne! Veo *O.tputs cpen cirzudted, cycle ime = Min. tepe, Outy = 100%.




Random-Access Memories (RAMs)

CDM6116A
DYNAMIC ELECTRICAL CHARACTERISTICS al T4 = 0 to ~70°C (CDM6116A-2, CDME118A-3);
Ts 2 -40° 10 +85°C (COMBET116A-9), Voo = S V = 10%,
Input 1,1 = 10 ne; C, = 100 pF snd 1 TTL Load, inpul Pulse Levels: 0.8 Vio 2.4 V
LIMITS
CHARACTERISTIC CDM6116A-2 CDME116A-3 | COME116A-8 UNITS
Wrelte Cycle Times See Fig. 3 MINT | MAX. | MIN.Y | MAX. | MIN.T | MAX.
v.nte Cycle Time twe 200 - 150 - 250 -
Crip Enable 10 Eno of WRITE few 160 - 90 - 200 ~
Apdress Vehd to Eng of WRITE law 160 S 80 —_ 200 -—
R hzoress Setup Time tay 0 — 0 — 0 -
Wiute Pulse Width twe 160 - 80 - 200 -
Verite Resovery Time fwe 10 —_ - 10 - ne
Cutput Disable 10 Output “High 2" lom? 0 60 50 0 80
Vanite 1o Outpul "Hiph 27 Lt 0 60 40 0 80
Irput Data Setup Time tow 80 - 50 -— 100 -
trput Dala Hole Time ton 10 - 6, — 10 o
(| Output Active from End of Write ton 10 - 10 - 10 -

Time eequited by & limit device *r allow 1or the indicated function

WRITE CYCLE 4
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CMOS Microprocessors, Memories and Peripheraly

CDM6116A

DATA RETENTION CHARACTERISTICS 8t T4 =010 70°C (COME116A-2, COMB116A-3);
Ta=-4010 +85°C (COME116A-9), Uniess otharwise noted, Ses Fig. 4.

LIMITS
CHARACTERISTIC TEST CONDITIONS ALL TYPES UNITS
MIN. MAX.
Minimum Data Retention Voltage Voa
CDMB116A-2, CDMH116A-3, COM6B116A-9 Taz=01070°C 2 e
CE2Vpp-02V v
Ta=-40100°C
CDHME116A-9 " f 4, —
N\ e ez S
Date Retention Quiescent Current looDR*
COMENIEA-2| Vipo:3V,CEZ228V — 15
CDM6116A-3] Vep=3V. CE228V - 25 pA
CDM6116A-8| Voo =3V, CEZ 28V - 50
Chip Disatble to Date Retentior Time' tcon See Fig 4 0 —
5 ns
Recovery to Normai Operation Time ta See Fig. 4 *tng o~
“lopDFRE7S uA mex 8t T.r0° 1o +40° C tor COMB11€A-2 ana COME116A-D
“inc = Read Cycle Time.
LATA
lg——— RETENTION
v MODE
obp
asv LIRRVES =
Vpg & 2V
'con l“"o“ LET —*1 'R
2.2V TE pvge-02V 2.2v
FE
el .
Wiz sfcu-36243

Fig. 4= Low VOO0 dsla retsntion 1.ming wavelorms.



CDM6116A

SIGNAL DESCRIPTIONS
A0-A10 {Address Inpuls).
1701-1/08:

__E-E {Chip Enable):

OE (Output Enable)

WE (Write Enable).

Voo, Vas!

CMOS Microprocessors, Memories and Perlpheral,

These inputs must be stable prior 10 8 write operahon but mey change asynchronously duung
res 3 operations.

8-tit tristate data bus.

Powers down chip, disables Read and Wnite functions, and gates o!f address inputs.

Eni bles 1ristate outputs if CE 15 low ana WE 18 high.

Enzbles Write function, it CE 1s low. WE will dominate #f both WE and OF are low (i €., the bus will
be iristated snd a Write will occur).

Power supply connections.

DYNAMIC ELECTRICAL CHARACTERISTICS 8t Tx = 010 <70°C (COME116A-2, COME116A-3);
T = -40" 10 +85°C (COME116A-9), Vop = S V = 10%,
Input t, , = 10 ns; C, = 100 pF and 1 TTL Load, Inpul Pulse Levels: 0.6 V1024 V

LIMITS
+
|
CHARACTERISTIC COM6116A-2 | COMbB116A-3 CDME116A-9 'UNITS

Read Cycle Times Ses Fig. 2 MIN | MAX. | MinGT | max. [ MiNGt | max
Read Cycle Time ta 200 - 150 - 250 e
Address Access Time taa - 200 - 150 — 250
Crup Ereble Access Time . tace — 200 - 150 y-— 250
Chip Erable to Oulput Active tes 15 - 15 - 15 -
Output Enable 1o Output Valid forv - 120 - 60 - 150 ns
OQutput Erable 1o Output Active toea 15 — 15 — 15 -
Chip Diseble tc Output "High 2" temz 0 60 0 50 () 80
Output Disabie 1o Output “High 2 tons 0 60 0 50 o] 50
Output Hold tiom Address Change ton 15 - 15 - 15 -

tTime required by a lims: cevite to atfow 1or the indicaled tunction,

LDLRESS

X

Al
Z
%

Py

DATA OUT

l-’~ | 777777777

e ton

e L‘—'onx _:j."

- ( T

R il ] e R L SR

Wl 18 W GH DURING RLAD CYCLE

TivING SEASURENENT REFERENCE

P2lmw-20944

LEVEL 18 13V



Absolute Maximum Ratings

It Military/Aerospace specified devices are required,

contact the Natlonal

Semiconductor Sales Oftice/

Recommended DC Operating

Conditions

Min Max Units
Dlistributors for avallability and specifications. Vce Supply Voltage 4.5 55 v
Vollage on Any Pin Relative 1o Vss ~0.6Vio +7v Vss Supply Vollage 0 0 v
Storage Temperature, Tg1g ~585Cto +125°C Vi, Input High Voltage
Temperature Undor Bias, Toias -10°Cto +85°'C (Logic 1) .
Power Dissipation, Pp 1.0W TIL 22 6.0 v
Current Through Any Pin 100 mA cMos Vec =02 Voc+to02 v
ESD rating to be determined. VL. Input Low Voltage
: (Loglc 0)
TTL -03 0.8 v
) CMOS -0.3 0.2 \Z
Topn, Operating Tomp 0 70 °C
DC Electrical Characterlsticg at recommended operating conditions
Symbol Paramoter Conditions . Min Max Units
Yl Input Leakage Currant Vin = Vsgto Voo -2 2 pA
Lo Output Leakage Current CS0rOF = vy
-2 2 BA
Vo = Vssto Vg ) —_—
Iec Active Quiescent Cisrent, TTL Al Inputs at TTL Levels 25 mA
C'S X V“_ TTL, '|/o = 0 mA
lec Std. Active Quiescent Current, CMOS Ali Inputs at CMOS Levels 2 mA
L TS = V)L CMOS, 10 = 0 mA 500 A
Icct Average Oparating Current, TTL Tac = Tag Min
S = Vit TTL 0 = O mA 50 mA
AltInputs at TTL Levels
Average Operating Current, CMOS The = Tre Min
T8 = vy TTL, /o = OmA 30 mA
All Inputs at CMOS Levels
Isp Std. | Standby Power Supiply Current TS = vy TTL 4 mA
L lyo = OmA 2 mA
Isg1 | Std. | Standby Power Supply Current C8 = viycMOS 2 mA
L 500 pA
VoL Output Low Voltage, TTL lop = 8 mA 0.4 v
Output Low Voltage, CMOS lop = £10 pA =02 0.2 v
Vou Output High Voltagn, TTL “loy = —4mA 24 \
Output High Voltage, CMOS lo = 10 uA Vec - 02 | Voo +0.2 \
Capacitance .
Symbof Parameter Conditions Max Units
Cin Input Capacitance ViN = OV (Note 5) 8 pF
Cio Input/Output Capacitance Vi/0 = OV (Note §) 10 pF
Truth Table ) ’
Mode WE | T8 | OoF 110 Current
Not Selected
(Power Down) ° H * H-Z Isa. Isa1 .
Oulput Disabled | H L H H-2 | e, loey
Read H: L L Doyt Ice leey
Write L L] e Ow | lec locy

¢ = Don't care (Hor L), H = Logic HIGH Level, L ~ Logic LOW Level




AC Electrical Characteristics* (ot 1)

NMC61256N/NMC61256N-L

Symbol Parameter -70 -100 ~120 Units

Min l Max | Min l Max | Min l Max
READ CYCLE {Note 4)
;o] Read Cycle Time 70 100 120 ns
tAA Address Access Time 70 100 120 ns
lco Chip Salection (C3) tc Qutput Valid 70 100 120 ns
o8 Output Enable (BE) to Output Valid 30 50 60 ns
2 Chip Selection (T5) to Quiput Active (Note 11) 15 15 15 ns
toLz Output Enable (BF) to Output Active {Note 11) 5 5 5 ns
[ Chip Deselection (CS) to Output in Hi-Z (Notes 2 and 3) 0 30 0 35 0 40 ns
torz Output Disable (OF) to Output in Hi-Z (Notes 2and 3) ~ | o 25 0 35 0 40 ns
1OHA Output Hold from Addross Change 5 10 10 ns
WRITE CYCLE
twe Wirite Cycle Time 70 100 120 ns
tow Chip Setection (C3) to End of Write {Note 10) 60 80 85 ns
tas Address Setup Time (Note 7) 0 0 0 ns
Aw Address Valid to End o! Write 60 80 85 ns
twp Write Pulse Width (Note 6) 40 60 70 ng
WA Write Recovery Time trom TS (Note 8) 0 0 0 ns
wHz Beginning of Write to Output in Hi-Z (Note 9) 0 25 0 35 0 40 ns
fow Data Valid 10 Write Timo Overlap 30 35 40 ns
o Data Hold from End of Write 0 0 [ ns
1012 Output Disable (OE) to Dutput in Hi-Z 0 25 0 35 0 40 ns
tow Output Active from End of Write 0 ; 0 0 ns

*Applies 1o Standard and L Versions.
Note 1: AC test conditions Ty = 0°C 10 +73C, Voo = 6V £10%.

High to TAILSTATE, measwed Vou (DC} .10V
Low to TRI-STATE, messured VoL (DC) 4 a.10v

Note 4: WE is high tor read cycle,

Note 6: Ty = 25°C 1 = 1.0 MMz, This pararneter is sampled and not 100% tasted.
"Note §: A write occurs during the overlap (iy.) of a low TS and a low WE.

Note 7: lx5 is from the add changes (o the begl ing of the wrike.

Note 11: Output active level is dalined as sieady siste TRI-STATE level 201V,

AC Test Conditions

input pulse levels: i = 3.0V, V) = 0.0V
input rise and fall times: S5ns
Al input timing reference levels: 1.6v

Output timing reference levels: Ve = 2.0V, Vo = 0.8V

Nou.:twnhmwhommouﬁollolCSuWEpolngmghlom‘ondo‘moqua.
Noh.:nCEhlo\'dwinamPuiod,I/Opmsnuhmoompmmlo.Almhlmo.m-dnuhpmdqnaluoloppomphnelolmommmnmlbow
Note io:uanSIowmnﬂﬁonoec\mwmlumemnthEIowhmﬁonoununWEnmnm,nmmnwlummmhuchhu.

§

Note 2: 1,7 and toyz are defined as fhe timu at which the outputs achieve the open circult condition and are determined as:

AC Test Load
sV

W%

o

WMCO1208%/
MMCOI 260N 1

L]
170,

10 $
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:130»
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Timing Waveforms

; Write Cycle 1 (OE Clocked)
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ADDAESS

Timing Waveforms {Continued)

Read Cycle (WE = v,,)

L3
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o= lgp —o|
TL/D/8807-8
Low V¢c Data Retention (L Version)

Symbol Parsmeter Conditions Min Max Units
Vor Ve for Data Retention TS > vy, cMOs 20 55 v
lecor Data Retention Current Vee = 2v

CS > vy, CMOS g A
coR Chip Deselect to Data Retention Time See Retention Waveform 0 ng
1 Operation Recovery Time See Retention Waveform e ng

Low V¢ Data Retention Waveform

—{ SATA RETENTION MO0E —- .
o = \
Ly —— \ -f ———
v"_./ N = \_‘
o B3 = vy, CMOS

TL/0/0807-7
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LM139/239/339, LM139A/239A/339A, LM2901, LM3302
Low Power Low Offset Voltage Quad Comparators

General Description

The LM139 series consists of four independent precision
vollage comparators with an offsal voltage specification as
low as 2 mV max for all four comparators. These were de-
signed specifically to operate from a single power supply
over a wide range of voltages. Ciperation from split power
supplies is also possible and the low power supply current
drain is independent of the magniude of the power supply
voltage. These comparators also lave a unique characteris-
tic in that the input common-mode voltage range includes
ground, even though operated from a single power supply
voltage.

Application areas include limit comparators, simple analog
to digital converters; pulse, 8quarewave and time delay gen-
erators; wide range VCO; MOS clack timers; multivibrators
and high voltage digital logic gates. The LM139 series was
designed to directly interface with TTL and CMOS. When
operated from both plus and minug power supplies, they will
direclly interface with MOS logic-— where the low power
drain of the LM330 is a distinct advantage over standard
comparators.

Advantages
B High precision comparators
® Reduced Vgg drift over temperature

& Eliminates need for dual supplies

® Allows sensing near GND

= Compatible with all forms of logic'

& Power drain suitable for battery operation

Features
& Wide single supply voltage range of dual supplies
LM139 series, 2 Vpc 1o 36 Vpg or
LM139A series, LM2901 . 1 Vpcto 18 Vpc
LM3302 2 Vpg to 28 Vpe
or 1 Vpcto 114 Vpg
8 Very low supply current drain (0.8 mA) — independent
of supply voltage (2 mW/comparator at +5 Vbeo)

8 Low input biasing current 25 nA
& Low input offset current +5 nA
and offset vollage 13 mv

8 Input common-mods vollage range includes GND

& Differential input voltage range equal to the power
supply vollagg

& Low output saturation vollage 250 mV at 4 mA

@ Output voltage compatible with TTL, DTL, ECL, MOS
and CMOS logic systems

Schematic and Connection Diagrams

syt

TUH/ST08-1

Duai-In-Line Package
SUTPUT 3 BUTPUY 4 ({1} WPUN 4¢ WPUT S IePyT 3. NPUY 3-

e 13 17 1 18 1] L]

] 4 3 4 $ [ !

BUTIUT'? BUTPUT v WPUT 1. 1MPUT )0 iNPUT 2. NPT 2

0P view TL/H/BT08-2
Order Number LM139J, LM139AJ, LM239J, ‘LM239AJ,
LM330J, LM339AJ, LM2001J or LM33024
8oe.NS Package Number J14A
Order Number LM339AM, LM329M or LM2901M
8ee NS Package Number M14A
Order Number LM339N, LM339AN,
LM2901N or LM3302N
See NS Package Number N14A




Supply Voltage, V+
Difierential Input Voltage (Note 8)

{Soldering, 10 seconds)

Absolute Maximum Ratings
If Milttary/Aerospace specified devices are required, contact the Nationa! Semiconductor Saies Office/Distributors for avalilabliity and specifications(Note 10)

LM139/104239/LM339

PO

LM139A/LM239A/LM335A

L2901
36 Vpcor 18 Vpg
36 Vpe

Input Voltage =0.3Vpcto +36Vpe
Power Dissipation (Note 1)

Motded DIP 1050 mw

-Cavity DIP 1190 mwW

SmaB Outfine Package 760 mw
Output Short-Circuit to GND,

Note 2) Continuous
Input Current (Vi < —0.3 Vp),

(Note 3) 50 mA
Storage Temperature Range —65°Cto +150°C
Lead Temperature

260°C

LM3302

28Vpcor 14 Ve

=03

-6

28 Vpe
Vpc to +28 Vpc

1050 mw

Continuous

50 mA
5°C to +150°C

260°C

Operating Temperature Range
LM339/LM339A
LM239/LM239A

LM2901

LM139/LM139A

- Soidenng Information

Dual-in-Line Package
Soldering (10 seconds)

Smali Outline Package
Vapor Phase (60 seconds)
Infrared (15 seconds)

See AN-450 “Surface Mounting Methods and Their Effect on

other methods of soidering surface mount devices.
ESD rating to be determined.

Electrical Characteristics v+ - 5Vpc, Ta = 25°C, unless otherwise stated)

LM139/LM239/L.M339
LM139A/LM235A/LM339A {13302
LM2901
—40°Ctlo +85°C
0°Cto +70°C
~-25'Cto +85°C
~40*Cto +85°C
—55°Cto + 125°C
260°C 260°C
215°C 215°C
220°C 220°C

Product Reliability” for

Parameter Conditiord | LMi39A  [LM239A,LM339A]  LM135 | LM239,LM339 |  Lm2901 |  Lmoonz Units
[Min Typ Max |Min Typ Max [Min Typ Max [Min Typ Max [Min Typ Max [MinTyp Max
Input Offset Voltage {(Note 9) £10 120 1.0 20 £2.0 250 20 150 20 170 3 220 |mvpge
input Bias Current [l 4 OF liy;—) with Output in 25 100 25 250 25 100 25 250 25 250 25 500 |nApg
Linear Range, (Note 5), Vo =0V
Input Offset Current lliyg+) = hing-), Vo =0V 3.0 225 £50 150 30 125 50 50 5 50 +3 2100 {nApc
Input Common-ModelV + = 30 Vp (LM3302, V+ = 28 Vpg) o v+-150 v+ =150 v+-150 V+-15 0 v+-15 0 v+ —1.5 Vpe
VoRsge Range  (Note 6)
Supply Current R > = on all Comparators, 0.8 2.0 08 2.0 0.8 2.0 0.8 2.0 0.8 2.0 08 20 jmApc
R =, V+ =36V, (LM3302, V+ = 28 Vpe) 10 25 1.0 25 1.0 25 1.0 25 1.0 25 imApc
Voitage Gain Ry 215k, V+ = 15 Vpg 50 200 50 200 50 200 50 200 25 100 2 30 V/mvi
Vo= 1Vpcto 11 Vpe : i
Large Signal [Vin=TTL Logic Swing, VRgr = 300 300 300 300 300 300 ns
Response Tne 1.4 Vo, VaL=5Vpc, R =5.1 kQ,
Response Time [VAL=5 Vpe, M =5.1kQ, 1.3 1.3 1.3 1.3 1.3 1.3 ns
- [Rote )
Outpst Sirk Current [Ving—)=1Vpc, Vings)=0, . 60 16 60 16 60 16 60 16 60 16 js.o 16 }mADc
o21.5Vpe i Y S



Electrical Characteristics (V* =5Vpc, Ty = 25°C, unless otherwise stated) (Continued) \

Parameter Conditions LM139A LM239A, LM339A LM139 -LM239, LM339 LM2901 LM3302 . Units
Min Typ Max| Min Typ Max [ Min Typ Max | Min Typ Max | Min Typ Max | Min Typ Max
Saturation Voitage Ving-)=1Vpe. Ving+)y=0, 250 400 250 400 250 400 250 400 250 400 250 500 | mvpe
ISINK <S4 mA
Output Leakage | Ving4)=1 Vbe.Ving-)=0, 0.1 0.1 0.1 0.1 0.1 0.1 nApc |
Current Vo=5Vpc {
f
Electrical Characteristics v+ = 5.0 Vpc. Note 4) )
meter Itions LM139A LM239A, LM339A LMm138 1LM238, LM339 LM2901 LM3302 Units
. Min Typ Max |Min Typ Max |Min Typ Max [MinTyp Max |Min Typ Max |MinTyp Max
Input Oftset Voltage (Note 8) +4.0 14,0 +9.0 +9.0 9 15 140 imVpe
Input Otiset Current 'lN(i’)_IIN(—)- Voeu =0V’ £ 100 +150 + 100 1 150 50 200 1300 [nApc
Input Bias Current Iing+yor hing—) with Output in 300 400 300 400 200 500 1000 |nApg !
Linear Range, Ve =0V (Note 5)
input Common-Mode V+ =30 Vpg (LM3302, V + = 28 Vog) © v+-20 0 v+-20l 0 V+-20 v+-20| 0 v+-20| 0 v+ -20 vpo
Vottage Range (Note 6) \
Saturation Voltage Ving- )y=1Vpe, le(+ y=0, 700 700 700 700 400 700 700 mVpe
ISINK<4 1A
Output Leakage Current ViNg+)=1Vpe. Ving-)=0, 1.0 1.0 1.0 1.0 1.0 10 JpApc !
Vo =30 Vpe. (LM3302, Vo =28 Vpg)
Difterential Input Veltage!Keep alt Vin's> 0 Vpc(orv-, 36 36 36 36 36 28 Vpe
if used), (Note 8)
Note 1: For operating at high S, the LM339/LM339A, LM2801. LM3302 must be derated based on & 125°C maxk junction temp u‘dnﬂmmalmslsmmeol%'cmmhmlalhedmicesoldmodina
P'htw&u.i(botrd.openbngh.mw.vMTMLMZGQMLMQOslbomwdbasedonulSO’C i R p .Theiowbhsdssbaﬁon-wme"ON-OFF“cfmcm:s&:otmeunpulskeopsmochip
dnh.bnvuymn(PDﬂmmm.thwmmeumw.
Note 2. Short circults from the outout to V* can cause ve hoating snd ! destruction. When A ,mmwmmmmmmmhﬁ, y 20 mA indk of the magr otv?

e Smited 10 °Cs Ty s +mmmm:.wmzwnmb ~40°CzTas +085°C.
m&mmdhmwbummnmnmmmm.mwh y {, Indeper dmmvcdmmwmmwmmumhmmwmms.

mc:mmmwamwmmmwum»mwmwmmno.zv.mwmummmmwmbv‘ —IJVMZS‘C_MdMubolhirumcango
© &mvxmuwmvbu:mz;.mmmdummofw.

Mtwwdmmmmhmuprylau(.hionguhmmw-%Nmmw.hmﬂwm-nmwm.mmmm”mu
mrubohum—o.zvucquozvmwo-v-Wanmmm.ummzs-q

m:uwmmvo-uvwns-mmv‘ msvmbmvwmmnuwmmwmvmbw -1.5vw.-t25‘c.Foersoz.v*iomsvxnzuvm
lobitMbﬂﬂSiMbmiMMWuﬁbRﬁS!%XhWﬂNmm J
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General Description

The MM5R167A is a low threshold metal pale CMOS circuit
thai functions as a real time cloch. in bus oriented micro-
processor systems The device includes an addressable
ez’ time counter, 5¢ Lits of RAM, and Iwo inlerrunt out-
puts, & PQ # R DTN inpul allows the chip 10 be disa-
bled from the rest of the system for slandby lov. power

operation. The time base ts a 32,768 Hz crystal osciliator,
I

; Features

& Microprocessor compatible (6-bit data bus)

B Milliseconds through month counters

R 55 bits of RAM with comparator to compare the resl
thime counter to the RAL data

R 2 INTERRUPT OUTPUTS whh B possible interfupt
signals

® PGWER DOWN irput that disables all Inputs &nd outs
puls except Tor ome of the intenupts

® Staius bit to indicate rol*over duting a read

® 32,768 Hz crystal uscillator

[ ] Fouv-yqav calendar (no leap year)

B 24-hour clock

Functional Description

Rez! Time Counter

The real time counter it dnided into 4-bit digits with 2
digis beinp accessed duting any rezd or write cycle Each
Cig't represents a-BCD number and is defmed in Tabic 1.
£nyunusecbits areboid ata togical zero dunngareadand
ignoied duting a3 write /0 unused btis any bil not neces.
saty 1o provide a full BCD number. For example tens of
hours cannot lega'ly exceec the number 2,1hus only 2 bits
are necessary 1o deline the tens of hours. The cther 2 bits
in the tens of hours digit are unused The unused bils are
desgnated in Table | 25 dashies,

The addressable portion of 1he countet Is from miliisec-
onds to months, The caunter itsell is @ ripple counter The
ripp'e delay is less than 60 ¢ above 4.0V ane 300,45 812.0V.

RAM

56 bils of R&AM are contaned on-chin. These can be used
“for any necessary power down slorage o as an alarm
lztch for comparison 1o the real lime counter The dziz in
the RAM can be compared 12 the real lime counter on @'
digit basls, The only drgits_that are not comparet are the
vnll len thousandths of seconds and tens of days of the
weck (these sre unused in the real time counter). It the two
most significant tuts of any RAM digit ate ones, then this
RAM location will aiv.ays compare.

The RAM is formzttea the same as the real time counier, 4
bits per digit, 14 digits, how ever thete are no unused bits,
The unused bite inthe real time counter will compare only
1670708 in the RAM.

NMM58167A Microprocessor Real Time Clock

Interrupts end Comparetor

There:are two interrupl oulputs. The firs! and most fes ible
is the INTERRUPT QUTPUY (a true high sipnaf) This out.
put can be programmed to provide E cilferent output
signals. They are' 10 Hz, 1 Hz, once per minute, once per
hour, once a day, once 3 weel,, once @ month, and when a
RAN.teal time counter comparison occurs, To enahle the
outpul a one is written Into the intettupt control repister at
the tit tocation corresponding to the desited output
requency (Figure 1). Once one or more bits have been set
in the Interrupt control register, the comesponding
courter's rolloves 1o i1s rese! siate will clock the intesupt
status repister and cause the interrupt output to 0 high,
To reset the interrupt and 1o identity which frequency
caused the interrupt, the interrupt status regisier is read.
Read'ng this regicter places the contents of the status
tepisier onthe data bus. The Interrupling frequesicy wik: be
identi'ied by e ore in the respective b posilion. Removing
the read will reset the interrupt.

The second interrupt is the STANDBY INTERRUPIT {open
drain oulput, active low). This intertupt occurs when
enabled and when a RAMJreal time counter comparison
occu's. The STANDBY INTERRUFT is enabled by wrting a
one on the DO line at address 16, ot disabled by writing 8
zero on the DO line. This interrupl Iy not trigpered by the
edge of the compare signal, but rather by the level Thus if
the compate is enabled when the STANDBY I TERRUPT
is enabled, the interrypnt will turn on ir'\meduawly.

Connection Diagram
Duelin-Line Package
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Write Cycle Timing 0°CsT,<70°C, 4.5V sVpy <65V, Vgg =0V

Sym Psrameter Min Max Units
tsw | Address Velid to Write Strobe 100 ns
tcsw| Chip Select 1o Write Strobe 0 ns
tuw | Dste Valid belore Write Stiobe 100 ny
tway| Write Strobe to Ready Strobe 150 ns
try Ready Strobe Width , 800 ng
layu | Write HoinTime atter Ready Strobe 0 ns
twp | Date Hold Time sfier Write Strobe 110 ns
_lws | Address Hold Time afier Write Strobe 50 ns

Note 3: 11 geta chanpes white &% ano V7R a-e tow. the they must remain colncide 5t for 1050 ns 8'1er the 081s Chanpr 1o ensyre 3 ve'id write

Dste bus 10ading ta 100 pF,
Ready output lopdrng iv 30 pF #nd IR putiap

Input ang oulpul AC tirung levels

Logica’ one » 20V
Logice! zero = O 8V

Read and Wrile Cycle Timing Diagrams

AL-AL

X

ADVPLL! VALID

X

ae
= ¥ [ Ve
l——ku——--luvo :'M—-—-‘
n /
. }~'r v
(144 /4 tevoy,
wrp L
vr.o) | ds1s :i:(\__).____—_
ne ! »—i‘u-‘-‘l
AR RT3
FIGURE 3. Read Cycle Timing
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FIGURE 4. Write Cycle Timing
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