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ABSTRACT

The purpose of this thesis is to acqure the wireless data transmission from computer to printer. The

infrared ray has been used as a carrier owing to its reliable performance. This thesis consisted of 3 sections.

1. Control circuit and ‘buffer adjoined with computer acted as the data receiver from computer and also the
paralel-to -serial converter In order that data would be suitable for the transmiting.

2. The infrared transmiter and Tecerver part.

3. Control circuit and butfer adjoined with printer acted as the data receiver from the second part and the

senail-to-paralell dats converter. It also transmit data to printer.

According to all the sections as above has been separated. Consequently another carrier could be used, for
instance-radio frequency modulation,without changing any softwares. The final result is that it could be
improved and altered easily.
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TF1 TR1 TFO TRO IE1 IT1 IEO 1IT0

THE TIMER CONTROL (TCON) SPECIAL FUNCTION REGISTER
Bit  Symbol  Function *

7 TF1 Timer 1 Overflow flag. Set when timer rolls from all ones to zero. Cleared when processor
vectors to execute interrupt service routine located at program address 0018h.

'6 TR1 Timer 1 run control bit. Set to 1 by program to enable timer to count; cleared to 0 by
program to halt timer. Does not reset timer.

5 TFO Timer O Overflow flag. Set when timer rolls from all ones to zero. Cleared when processor
vectors to execute interrupt service routine located at program address 0008h.

4 TRO Timer 0 run control bit. Set to-1 by program to enable timer to count; cleared to 0 by
. program to halt timer. Does not reset timer.

3 IE1 External interrupt 1 edge flag. Set to 1 when a high to low edge signal is received on port 3
pin 3.3 (INT1). Cleared when processor vectors to interrupt service routine
located at program address 0013h. Not related to timer operations.

2 m External interrupt 1 signal type control bit. Set to 1 .by program to enable external interrupt 1
to be triggered by a falling edge signal. Set to 0 by program to enable a low level
signal on external interrupt 1 to generate an interrupt.

1 IEO External interrupt 0 edge flag. Set to 1 when a high to low edge signal is received on port 3

pin 3.2 (INTO). Cleared when processar vectors to interrupt service routine located at
program address 0003h. Not refated to timer operations.

0 IT0 External interrupt 0 signal type control bit. Set to 1 by program to enable external interrupt 0
to be triggered by a falling edge signal. Set to 0 by program to enable a low level
signal on external interrupt 0 to generate an interrupt.

gﬂ = TCON :’lmiwaé/xmﬁmaé Control Register

Twaim 0 : ~ -

] : L [ 4 o J Q' 1 ] J -
winsluuatiazgninerudu inniimef 1una 8 fin Wezgniiuanfediady
Srunuuntiu 18 32 lnAaude duAeiwnudu wnliaed suna 13 in lausld FRamed
— [ a . . a d
Tlx 4791 5 On uasihadssnaufufasines THx 4oy 8 In wielidu wwniinef

TUIA 13 UN
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7 6 5 4 3 2 1 0

Gate | CT M1 MO | Gate | CfT M1 MO

[ Timer 1 1 Timer 0 1
THE TIMER MODE CONTROL (TMOD) SPECIAL FUNCTION REGISTER

Bit  Symbol  Function

713 Gate OR gate enable bit which controls RUN/STOP of timer 1/0. Set to | by program to enable
timer to run if bit TR1/0 in TCON is set and signa! on external interrupt INT1/0 pin is
high. Cleared to 0 by program to enable timer to run if bit TR1/0 in TCON is set.

6/2 CIT Set to 1 by program to make timer 1/0 act as a counter by counling pulses from external
input pins 3.5 (T1) or 3.4 (T0). Cleared to 0 by program to make timer act as a timer
by counting internal frequency.

S/ M1 Timer/counter operating mode select bit 1. Set/cleared by program to select mode.
4/0 MO Timer/counter operating mode select bit 0. Set/cleared by program to select mode.
M1 MO Mode
0 0 0
0 1 1
1 0 2
1 1 3

gu & TMOD: Indlinafinniines Tuna Aaulnda TRmnas
(T'"MER/COUNTER MODE CONTROL REGISTER)

P b

' (5 bits) (8 bits)

Fumadsls

1R TRx

N :

* {im GATE

faupruANMITINIY

T

g9 Indinadamiiined 1 Tuum 0

Tnain 1
Jd . (K L4 -
Wl 1 Wnsiaumiieulvun 0 yadsenne Buudanly nlses Jaamed

azgnful Run )vis 16 Tniae vuAelulmatiandu widiinef vive Tniuef 16 In
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Tngia 2
Wiuum 2 azdvus lef Rawmed u Sbits WwNimef (TLx) Wardinisivan
' o (% t = ad o s J U ‘3
Anaslnedn iAo luiiaanes THx Wofin TanafWdiOverfiow) 1A THx

13 ) ' d [ AJ J
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Bl TL
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1%z }——b

futre il
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douiinasefyanady | f3mnefagmeaniuy  wdfn
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«FRmAofrendaniy  uvdn
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g1 11 Indliadaniiinado Tusin 3
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BumaFiny (INTERRUPTS)

8051 # sufnifiadtyeradumasing (interrupt Source) 1% 5 Bumafnyidaafu
& IJ a L ] o & J
Auanalugh 12 TneBumefnviusazifisnoasfandell

BumeffldrzduaudAyg

'

fundisdureiFlalaamy

fundisudariumeRis Ny Ao A’
fumehldrzAuatndrAny

gﬂﬁ 12 8051 Interrupt Source

1. Buwediwi nreuan INTO wex T dudumeHwimifintuneuan uiacin
aunsnden1iillu Levie-Activated 189 Transition-Activated aziwimadqwﬁq‘%uaﬂﬁuﬁw IT0
uay IT1 Lu¥asmad TCON

UWNAN(FLAG) -favi'x'lﬁtﬁﬂnﬁ?ﬁumaﬁwﬁlu‘-ﬁﬁqﬂﬂuﬁq g Alulin 1E0 uay IET
18<33ainad TCON Tnudlafindumafimianaioueniu unan SeinliAndume Fnviay
grindeflnumdaunf (HARDWARE) datifygnéne lvinarudl Bumefiwy rafia s
Roindlefumefimiiathuiugta transiton-activated wilnBumeiniiFasiudlusiia level
activated U WaRRggnEnelivinennd Suwmefine wefia i adlivaefiin 1Ex W
Nﬂimwuﬂnﬁméumaﬁ'ww"iﬁq ﬁ:&'ﬂqﬁwﬁwﬁmuquamuz mqﬁ'ryrgﬁm*?’m INTx ¥
nAUganInANLes

2. tmiief 0 uaz Imiinef Bumefiny grinliRadume HnyiidTasiin TFO uas
TF1 Sagnidnlagnnsulfaudrmndu wik Famadu Auel oty nfeefienined
Faawef vacusiazd ( undu finefd lubma 3) o nimef Sumedind Asdu
ungn fivnlifane Bumefin azgmaied Tnsanfauwafuuin Lﬁa%ﬁqqnﬁw‘lﬂﬁﬁmu

Tudau wrefia gniu
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3. Serial Port Interrupt @unsaasedeyanBumefiwdls Trednyynoufasinli
Redumasint Wananndm T1 e R1 Taevidmunnuuy OR uay wHan w 2 fatiarl
gnrdeflasmfounf detfylivenludou wefia gy mmzaiequialy imefia
snitu arfiaewndn R1 visa T1 WusainliAsdume Sy wasinfussgnisdufidlae
geiiafivindu

DnviamaivnlfAnnsdumadingg annsogniimideindeflaagariuaf Taefing
witeufuinfugninidegriadefauafausd fhide Sumefmiteunafindrananinsa
Bunfintenable) IiAndquEumeSRWY et umefniniofraneinnsandiyer
awnsagneni@dnidfaamanyiuad

; Interrupt  Source uﬁawﬁmmdqﬁ gunsagn "a'mnﬁmﬂuv'\'q‘] wegniaeda
(digable) 1ilusiaq TnanmsuiReuinedivlu SFR i€ Foudasindanidluglf 13 uazazii
inhASamas IEaxTOniiiu Globel Dissble Bit (1E) Btjfat Feanunsadisable interrupt I
'lup"i‘"xuﬁm

Fanalfdnlugl Auvnie 185 ,1E6 bignldlu 8051 mszgnasaulildlu
Lilnzaevinfaisesiafu SilnnanTRidy Fahu meninfresdlElipasasiiindadau
f1 1 aalufindnuwmniomenil Welsreviinfiu annsaldity et tasrauiniainef

e Syl
falul lussegaillfviues
7 6 5 4 3 2 1 [¢]

EA - ET2 ES ET1 £X1 ETO EXO

THE INTERRUPT ENABLE (IE) SPECIAL FUNCTION REGISTER

Bit Symbol  Function
7 EA Enable interrupts bit. Cleared to 0 by program to disable all interrupts; set to 1 to permit
individual interrupts to be enabled by their enable bits.

6 — Not implemented.
S ET2 Reserved for future use.
4 £S Enable serial port interrupt. Set to | by program to enable serial port interrupt; cleared

to 0 to disable serial port interrupt.

3 ET1 Enable timer 1 overflow interrupt. Set to 1 by program to enable timer 1 gverflow
interrupt; cleared to O to disable timer 1 overflow interrupt.

2 EX1 Enable external interrupt 1. Set to | by program to enable INT1 interrupt; cleared to O to
disable INT1 interrupt. -

1 ET0 Enable timer 0 overflow interrupt. Set to 1 by program to enable timer 0 overflow interrupt;
cleared to 0 to disable timer O overflow interrupt.

0 EXO Enable external interrupt O Set to 1 by program to enable INTQ interrupt: cleared to O to
disable INTO interrupt.

g1 13 Interrupt Enable Register
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2. i afinssaviafiavesdune Fni BildlnRagafing 1eendalay deliadedu

3. Ty mo‘mwumamumﬂ§mwwumﬁ’qwmmﬂnumaq’lwm.,uu dlu RET)
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BumeFnl arfugniurrssBume finvluiidnaunians

dunndn fndumefinitmaandndeygognactve fiau S5P2 sasuamiu lnida 7
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Bumafimy auueh uvan (IE0 uar IEY qzqnm‘é’m‘ﬁdmﬂﬂ WU transition
activated A1 LONG CALL Tnsziinlaumfauafas PUSH 'B’mga:nm Program (Aavimed 1
Yiaunn (biinsTuaarnsediames Psw) uasluandnses pC lmifanuemnsaiinsefiy

- ' [ 4 J J 2 o o '’ 5 o 1
Bumefny wefia v Nifleadasiudygradumefindaniedu dwansdtean

source vector address
IEQ 0003H
TFO 000BH
[E1 0013H
TF1 001BH
R1+T1 0023H

A9 2 Interrupt vector address

sl Sumefin wefie g Tuasintudenq sunsiionudinde RET
Faflusaueniitiglen Sumefiny mefia i dugaaeudn aanviu Figashl POP 181
A1 2 luigegaann ausn uasTuaalvifiu PC iendulrenudnivegreldi
Surefml

&unmdn RET s9eMAnazantnga POP 101An 2 luvigeqaannaunn uavivanluiiy
pC WituBuafusnds RETI uwivnld RET ude Bumefinil meulnfa Zaufin (nterrupt

control system) azfiaAndnBumaFnridamegnassiney
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J 1
Taed c=  Anudraeuas SwheifluwmsAunit
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f = mud Dwmdbeduuss
J 1
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i ndnliin ussindiandesnuasbiuhieydesndenuaaninatng
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4 s
mangdanm1N

TURADY Band Gap | Emission | Transition
0 Energy (nm) type

Ge 0.66 1800 Indirect

Si 1.09 1140 Indirect
GaAs 1.43 910 Direct

Gap 2.24 560 [ndirect
GaAsgPy, 1 1.19 650 Direct

Al Sb 1.60 775 Indirect

in Sb 0.18 6900 Direct
SiC 2.2-3.0 563-413 Indirect
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delay:
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Limer L interrupt
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chiklk: mowv a,dpl
cine 2, #2Bh,checkp
mov a,dph
cine a#B32h,checkp
ret srreturn -to main program
chi_prn:mov a,pl scheck printer status
anl a,H#o0va1119ab ipe.slot,error
cine a,¥20001180b,chk_pra
ret
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inté | PRELIIIARY
MCS®-51
8-BIT CONTROL-ORIENTED MICROCOMPUTERS
80318051
8031AH'8051AH
8032AH8052AH

8751H8751H-12

® Boolean Processor

= Bit-Addressable RAM

# Programmable Full Duplex Serial Channel
= 111 Instructions (64 Single-Cycle)

# 64K Data Memory Space

s High Performance HMOS Process
» Internal Timers/Event Counters

» 2-Level Interrupt Priority Structure
8 32 11O Lines (Four 8-Bit Ports)

® 64K Program Memory Space

» Security Feature Protects EPROM Parts Against Software Piracy

The MCS*-51 products are oplimized for conltrol applications. Byte-processing and numerical operations on
small data structures are facilitated by a variety of fast addressing modes for accessing the internal RAM. The
instruction set provides a convenient menu of 8-bit arithmetic instructions, including multiply and divide in
structions. Extensive on-chip support is provided for one-bit variables as a separate data type, alicwing direct
bit manipulation and testing in control and logic systems that require Boolean processing.

internal Memory
i Timers/

Device Program Data Event Counters interrupts
8052AH 8K x 8 ROM 256 » 8 RAM 3 » 16-Bit 6
8051AH 4K x 8 ROM 128 ~ 8 RAM 2 x 16-Bit )

8051 4K » 8 ROM 128 \ 8 RAM 2 » 16-Bit 5
8032AH none 256 » 8 RAM 3 x 16-Bit 6
8031AH none 128 » 8 RAM 2 x 16-Bit 5

8031 none 128 ~ 8 RAM 2 x 16-Bit 5
8751H 4K x 8 EPROM 128 » 8 RAM 2 x 16-Bit 5
8751H-12 4K » 8 EPROM 128 ~ 8 RAM 2 x 16-Bit 5

The 8751H is an EPROM version of the 8051AH: that is, the on-chip Program Memory can be electrically
programmed, and can be erased by exposure o ultraviolet light. It is fully compatible with its predecessor, the
8751-8, but incorporates lwo new fealures: a Program Memory Security bit that can be used to protect the
EPROM against unauthorized read-out, and a programmable baud rate modification it (SMOD). SMOD is not:

present in the 8751H-12.
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Figure 1. MCS*-51 Block Diagram

PIN DESCRIPTIONS

vCC

Supply voltage.

vSsSs

Circuit ground.

Port 0

Port 0 is an 8-bit open drain bidirectional VO port. As
an output port each pin can sink 8 LS TTL inputs.

Port 0 pins thal have 1s written to them tioat, and in
that state can be used as high-impedance inputs.

Port 0 is also the muitiplexed low-order address and
data bus during accesses to external Program and
Data Memory. In this application it uses strong inter-
nal pullups when emitting 1s, and can source and
sink 8 LS TTL inputs.

Port 0 also receives the code bytes during program-
ming of the EPROM parts, and outpuls the code bytes
during program verification of the ROM and EPROM
parts. Extemal pullups are required during program
verification.

Ffort 1 -

Port 1 Is an 8-bit bidirectional O port with internal
pullups. The Port 1 output butfers can sink/source 4
LS TTL inputs. Port 1 pins that have 1s written to
them are pulfed high by the internal pullups, and in
that state can be used as inputs. As inputs, Port 1
pins that are externally being pulled low will source
current {IL, on the data sheet) because of the internal

pullups.
Port 1 also receives the low-order address byles dur-

ing programming of the EPROM parts and during
program ‘veriﬁcation of the ROM and EPROM parts.
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Figure 2. MCS*-51 Pln Connections

in the 8032AH and 8052AH, Port 1 pins P1.0 and
P1.1 elso serve the T2 and T2EX functions, respec-

tively.
Port 2

Port 2 is an 8-bit bidirectional VO port with internal
putlups. The Port 2 output buffers can sink/source 4
LS TTU inputs. Port 2 pins that have 1s wrilten lo
them are pulled high by the intermal pullups, and in
that state can be used as inputs. As inputs, Port 2
pins that are externally being pulled low will source
current (IIL, on the data shesel) because of the internal

pullups.

Port 2 emits the- high-order address .byte during
fetches from external Program Memory and during
accesses to external Data Memory that use 16-bit
addresses (MOVX @DPTR). In this application It
uses strong Internal pullups when emitting 18. During
accesses lo external Data Memory that use B-bit ad-
dresses (MOVX @ Ri), Port 2 emits the contents of
the P2 Special Function Register.

Por 2.also recsives the high-order address bits dur-
ing programming of the EPROM parts and during
program verification of the ROM and EPROM parts.

Port 3

Port 3 Is an 8-bit bidirectional 1’0 port with internal
pullups. The Port 3 output butfers can sink/source 4
LS TTL inputs. Port 3 pins that have 1s written lo
them are pulled high by the'internal pullups, and in
that state can be used as inputs. As inputs, Port 3
pins that are extemally being puiled low will source
current (IIL, on the data sheet) because of the puliups.

Port 3 also serves the functions of various special
foatures of the MCS-51 Family, as listed below:

Port Pin ARernative Function

P3.0 RXD (serial input port)

P3.1 TXD (serial output port) -
pa2 |INTO (external interrupt 0)

INTT (external interrupt 1)

P34 TO0 (Timer 0 external input)

P3.5 T1 (Timer 1 extemal input)

P3.6 | WR (extemal data memory write
strobe)

P37 | RD (external data memory read
strobe) :
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ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Und;r Bias...0°Cto70°C
Storage Temperature . . . .. -65°Cto +150°C
Voltage on EAVPP Pinto VSS .- 0.5V to +21.5V

*NOTICE: Stresses above those listed under “Ab-
solute Maximum Ratings' may cause permanent
damage fo the device. This is a stress rating only
and functional operation of the device at these or eny
other conditions above those indicated in the oper-
ational sections. of this specification is not implied.

Voltage on Any Other Pin to VSS . -0.5V 1o + 7V Exposure to absolute maximum rating conditions for

Power Dissipation .. .......... ... 1.5W extended periods may affect device reliability.
--
D.C. CHARACTERISTICS: (TA = 0°C 19 70 °C; VCC = 5V =10%: VSS = 0V)
Symbol Perameter Min Max Unit Test Conditions
viL Input Low Voltage (Except EAPinof | -0.5 0.8 v |
8751H, 8751H-12)
ViL1 Input Low Voltage to EA Pin of 0 0.7 v
8751H, 8751H-12 .
VIH Input High Voltage (Except XTAL2, 20 jVCC+05| V
RAST)
VIH1 Input High Voltage to XTAL2, RST 25 |VCC+05] V XTAL1 = VSS
VOL | Output Low Voltage (Ports 1, 2, 3)° 0.45 V. [ I0L=16mA
Output Low Voltage (Port 0, ALE,
vOL1 )
0.60 v I0L = 3.2 mA
8751H, 8751H-12 0.45 Vv IOL = 2.4 mA
All Others 0.45 \' IOL = 3.2 mA
VOH Output High Voltage (Ports 1, 2, 3) 2.4 \ IOH = - 80 pA
VOH1 | Output High Voltage (Port 0 in 2.4 v I0OH = - 400 A
External Bus Mods, ALE, PSEN)
8 Logical 0 Input Current (Ports 1, 2, 3)
8032AH, 8052AH - 800 uA Vin = 045V
All Others - 500 HA Vin = 045V
1Ly Logical 0 Input Current to EA Pin of -15 mA
8751H, 8751H-12 Only ‘
11184 Logical 0 Input Current (XTAL2) -32 mA Vin = 045V
1Ll Input Leakage Current (Port 0)
8751H, 8751H-12 =100 HA 0.45 < Vin < VCC
All Others =10 pA 0.45 < Vin < VCC
IH Logical 1 Input Current to EA Pin of ) pA
8751H, 8751H-12
41 Input Current to RST to Aclivate Reset 500 MA Vin < (VCC- 1.5V)
ICC Power Supply Current: ~ 8031/8051 160 mA | All Outputs Discon-
8031AH-8051AH | 125 mA nected; EA = VCC
B8032AH/8052AH 175 mA
8751H/8751H-12 250 mA
Cio Pin Capacitance 10 pF test freq = 1MH2

on Ports 0 and 2 may cause Spurious noise pulses to be superimposed on the VOLs of ALE and
bus capacitance discharging into the Port 0 and Port 2 pins when these pins make
cases (capacitive ioading > 100 pF), the noise pulse on the ALE line
to quality ALE with a Schmitt Trigger, or use an sddress laich with a

*Nots: Capacitive loading
Ports 1 and 3. The noise Is due o external
1-10-0 transitions during bus operations. In the worsi
mey exceod 0.8V. In such cases R may be desirable

Schmitt Trigger STROBE input.
\
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RST

Resst input. A high on this pin for two machine cycles
whila the oscillator is running resets the device.

ALE/PROG

Address Latch Enable output pulse for latching the
low byte of the address during accesses to external
memory. ALE can drive 8 LS TTL inputs. This pin is
also the program pulse input {
gramming of the EPROM parts.

In normal operation ALE is emitted at a constant rate
of % the oscillator frequency, and may be used for
external timing or clocking purposes. Note, however,
that one ALE pulse is skipped during each access to
external Data Memory.

PSEN

Program Store Enable is the read strobe to exteral
Program Memory. PSEN can drive 8 LS TTL inputs.

When the device is executing code from external Pro-
gram Memory, PSENis activated twice each machine
cycle, except that two PSEN activations are skipped
during each access to external Data Memory.

EA/NPP

External Access enable EA must be externally held
low in order to enable any MCS-51 device to feich
code from external Program Memory locations 0 to
OFFFH (0 to 1FFFH, in the 8032AH and 8052AH).

) during pro- .

Note, however, that if the Security Bit in the EPROM
devices s programmed, the device will not fetch code
from any location in extemal Program Memory.

This pin also recelvas the 21V programming supply
voltage (VPP) during programming of the EPROM.

parts.
XTALA

Input 1o the inverting oscillator amplifier.
XTAL2

Output from the inverting oscillator amplifier.
OSCILLATOR CHARACTERISTICS

XTAL1 and XTALZ are the input and output, respec-
tively, of an inverting amplifier which can be confi-
gured for use as an on-chip oscillator, as shown in
Figure 3. Either a quariz crystal or ceramic resonator
may be used. More detailed information concerning
the use of the on-chip oscillator is available in
Application Note AP-155, “Oscillators for Micro-

controllers.”

To drive the device from an external clock source,
XTAL1 should be grounded, while XTALZ is driven,
as shown in Figure 4. There are no requirements on
the duty cycle of the extemal clock signal, since the
input to the internal clocking circuilry is through a
divide-by-two flip-flop, but minimum and maximum
high and low times specified on the Data Sheel must
be observed.

Cc2

NZ N |y

-

VI 5 S5

(4]

.

vss

—

€1, C2 = 30 pF 210 pF FOR CRYSTALS
=40 pF = 10 pF FOR CERAMIC RESONATORS

EXTERNAL
OSCILLATOR ———e———vq XTAL2

SIGNAL

XTALY

s

Figure 3. Osclllstor Connections

Figure 4. External Drive Configuration
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A.C. CHARACTERISTICS: (TA = 0°Cto +70°C, VCC = 5V £10%, VSS = 0V,
. Load Capacitance for Port 0, ALE, and PSEN = 100 pF,

Load Capacitance for Alf Other Outputs = 80 pF)

12MHz Osc Variable Osclilator
Symbol Parameter Min | Max Min Max Units
1, TCLCL | Oscillator Frequency 1 35 12 MHz
TLHLL ALE Pulse Width 127 2TCLCL-40 ns
TAVLL {Address Valid to ALE Low 43 TCLCL-40 ns
TLLAX | Address Hoid After ALE Low 48 TCLCL-35 ns
TLLIV ALE Low to Valid instr In ns
8751H, 8751H-12 183 4TCLCL-150
All Others 233 4TCLCL-100
TLLPL |ALE Low to PSEN Low 58 TCLCL-25 ns
TPLPH | PSEN Pulse Width
8751H, 8751H-12 190 3TCLCL-60 ns
All Others 215 3TCLCL-35 ns
TPLIV | PSEN Low to Valid Instr In
8751H, 8751H-12 100 3TCLCL-150 ns
All Others 125 3TCLCL-125 ns
TPXIX | Input Instr Hold After PSEN , 0 0 ns
TPXIZ | Input instr Float After PSEN 63 TCLCL-20 ns
TPXAV | PSEN to Address Valid 75 TCLCL-8 ns
TAVIV Address to Valid Instr In
8751H, 8751H-12 267 STCLCL-150 ns
All Others 302 STCLCL-115 ns
TPLAZ | PSEN Low to Address Float 18D TBD ns
TRLRH | RD Pulse Width 400 6TCLCL-100 ns
TWLWH | WR Pulse Width 400 6TCLCL-100 ns
TRLOV | RD Low to Valid Data In 252 5TCLCL-165 ns
TRHDX | Data Hold After RD 0 0 ns
TRHDZ | Data Float After RD 97 2TCLCL-70 ns
TLLOV | ALE Low to Valiid Data In 517 ° 8TCLCL-150 ns
TAVDV | Address to Valid Data In 585 9TCLCL-165 ns
TLLWL | ALE Low to RD or WR Low 200 | 300 | 3TCLCL-50 | 3TCLCL+50 | ns
TAVWL | Address to RD or WR Low 203 4TCLCL-130 ns
TQVWX | Data Valid to WR Transition -
8751H, 8751H-12 13 TCLCL-70 ns
Al Others 23 TCLCL-60 ns
TQVWH | Data Valid to WR High 433 7TCLCL-150 ns
TWHQX | Data Held After WR 33 TCLCL-50 ns
TALAZ |[RD Low to Address Float T80 TBD ns
TWHLH [ RD or Wh High to ALE High
8751H, 8751H-12 33 133 TCLCL-50 TCLCL+50 ns
All Others 43 123 TCLCL-40 TCLCL+ 40 ns
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EXTERNAL PROGRAM MEMORY READ CYCLE

TLHLL —o
A
ALE
S / \
—] a— TLLPL
TAYLL o TPLPH
r—— TLLIV
TPLIV
Fee / \
R dd. K7
. TPXAY A
TPLAZ —-—J L —] T XIZ
TLLAX [ <+t~ TPXIX

R
PORT 0 )—( AD-AT7 4}-—< "‘?m"‘ M AG-A7
A\ \_ : i

" TAVIY

4
PORT 2 ) A3-A1S X AS-A1S
A\
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EXTERNAL DATA MEMORY WRITE CYCLE
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TAVWL

P2.0-P2.7 OR AB-A15 FROM DPH

ort X

X AS-A15 FROM PCH
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EXTERNAL DATA MEMORY READ CYCLE
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SERIAL PORT TIMING — SHIFT REGISTER MODE
Test Conditions: Tp = 0 °C t0 70 °C; VCC. = 5V =10%; VSS = 0V; Load Capacitance = 80 pF

12MHz Osc Variable Osclliator
Symbol Parameter Min | Max Min +  Max Units
TXLXL | Seral Port Clock Cycle Time 1.0 12TCLCL us
TQVXH gdu;put Data Setup to Clock Rising | 700 10TCLCL-133 ns
o
TXHQX | Output Data Hold After Clock 50 2TCLCL-117 ns
Rising Edge
TXHDX | Input Data Hold After Clock Rising 0 0 ns
Edge
TXHDV Skl’:lk Rising Edge to Input Data 700 10TCLCL-133 | ns
a

SHIFT REGISTER TIMING WAYEFORMS

fomrn |
o =88y Wiy |l pgu i g
boroma] fo-remn | :
s e X s - sy X 7/
¢
--L———Loli«w o

T 0 S
T YR O OEX X XX EX X=X
¢

[

e
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EPROM Security

The security feature consists of a “locking” bit which
whan programmed denies electrical access by any
external means to the on-chip Program Memory. The
bit is programmed as shown in Figure 7. The setup
and procedure are the same as for normal EPROM
programming, except that P2.6 is held at a logic high.
Port 0, Port 1, and pins P2.0-P2.3 may be in any
state. The other pins should be held at the “Security”
levels indicated in Table 3.

Once the Security Bit has been programmed, it can
be tleared only by full erasure of the Program Mem-
ory. While it is programmed, the intemal Program
Memory can not be read out, the device can not be
further programmed, and it can not execute out ot
external program memory. Erasing the EPROM,
thus clearing the Security Bit, restores the device's
full functionality. It can then be reprogrammed.

Erasure Characteristics

Erasure of the EPROM begins to occur when the chip
is exposed to light with wavelengths shorter than ap-
proximately 4,000 Angstroms. Since sunlight and
flourescent lighting have wavelengths in this range,
exposure to these light sources over an exiended
time (about 1 week in sunlight, or 3 years in robm-
level fiourescent lighting) could cause inadvertent
erasure. If an application subjects the device to this
type of exposure, it is suggested that an opaque label
be placed over the window.

8032AH'8052AH e 8751H/8751H-12

oSV

X = “DONT CARE"
vee J
" <:: x

—]r2a ALE fo— aLE FROG
50 ms PULSE TO GND

(1410

———t P18

r2s
w7 I
r2? i@ EAver

araL2 |

“RST Pa——- VMY

H0H

—ll]'"

XTALY

vss PSEN 1

Figure 7. Programming the Security Bit

The recommended erasure procedure is exposure to
ultraviolet light (at 2537 Angstroms) to an integrated
doss of at least 15 W-sec/cm2. Exposing the EPROM
to an ultraviolet lamp of 12,000 pWicme rating for 20
to 30 minutes, at a distance of about 1 inch, should
be sufficient.

Erasure leaves the array in an all 1s state.

EPROM PROGRAMMING AND VERIFICATION CHARACTERISTICS:

(TA = 21 °Ct0 27 *C, VCC = 5V=10%, VSS = 0V)

Symbol Parameter Min Max Unlts
VPP Programming Supply Voltage 20.5 21.5 v
IPP Programming Supply Current ‘ 30 mA
1/TCLCL Osciltator Frequency 4 6 MHz
TAVGL Address Setup to PROG Low 48TCLCL
TGHAX Address Hold After PROG .| 48sTCLCL
TDVGL Data Setup to PROG Low 48TCLCL,

TGHDX Data Hold Atter PROG 48TCLCL

TEHSH p2.7 (ENABLE) High to VPP agTcLCL |

TSHGL ~ VPP Selup to PROG Low 10 usec
TGHSL VPP Hold Atier PROG 10 . nsec
TGLGH PROG Width 45 55 msec
TAVQV Address to Data Valid 48TCLCL

TELQV ENABLE Low to Data Valid 48TCLCL

TEHQZ Data Float Atter ENABLE 0 48TCLCL
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EPROM CHARACTERISTICS:

Table 3. EPROM Programming Modes

" Mode RST | PSEN | ALE EA P27 P2.6 P25 P2.4
Program 1 0 0* © VPP 1 -0 X X
Inhibit 1 0 1 X 1 0 X X
Verify 1 0 1 1 0 0 X X
Security Set 1 0 0* VPP 1 1 X X

Note: 1" = logic high for that pin
“0" = logwc low for that pin
“X* = "dontcare” —
"VPP" = +21V =0.5V

Programming the EPROM

To be programmed, the part must be running with a
4 to 6 MHz oscillator. (The reason the oscillator needs
to be running is that the intemal bus is being used to
transter address and program data to appropriate in-
ternal registars.) The address of an EPROM location
to be- programmed is applied to Port 1 and pins
P2.0~P2.3 of Port 2, while the code byte 1o be pro-
grammed into that location is applied to Port 0. The
other Port 2 pins, and RST, N, and EA should
be held at the “Program” levels indicated in Table 3.
ALE Is pulsed low for 50 msec to program the code
byte into the addressed EPROM location. The setup
is shown in Figure 5.

Normally EA is held at a lggic high until just before
ALE is to be pulsed. Then EA is raised to + 21V, ALE
Is pulsed, and then EA is retumed to a logic high.
Waveforms ‘and detailed timing specifications are
shown in later sections of this data sheet.

*ALE is puised low for 50 msec.

Note that the EA/VPP pin must not be allowed to go
above the maximum specified VPP level of 21.5V for
any amount of time. Even a narrow glitch above that
voltage leve! can cause permanent damage to the
device. The VPP source should be well regulated and
free of glitches.

Program Verification

If the Security Bit has not been programmed, the on-
chip Program Memory can be read out for verification
purposes, if desired, either during or after the pro-
gramming operation. The address of the Program
Memory location to be read is applied to Port 1 and
pins P2.0-P2.3. The other pins should be held at the
“Verify” levels indicated in Table 3. The contents of
the addressed location will come out on Port 0. Ex-

. ternal pullups are required on Port 0 for this operation.

The setup, which is shown in Figure 6, is the same
as for programming the EPROM except that pin P2.7
is held at a logic low, or may be used as an aclive-
low read strobe.

o3V

vee _I
apom.  AS-A7 ey
0000N-OFFFN ” CEGM oATA
an N o-
ol 3
) 7sIN
x—a P20
% = “DONT CARE™ e
R—ad P28 ALL o— ALEPAOG
Vi —o] 28 30 me PULSE TO GMO
vi—sad P27 i
XTAL2 @A fe—iavre
L
-sma 5
T 3 XTALY RST L VMY
vss 1T '—l

AQ-AY [ 4] pCM
DATA

. ro >
DOOOM-OFFFH 0. .._/ (USE 10K
As:41 A r2a rLiurs)

28104
X~ ]
X = "DON'T CANE" <
k=193 At N
L —ed p2g hi ]
ENABLE ———o P27 [

r XTALZ
-y (3 AST for— VN
ATALY

—1 vs$ PSCN -1

Figure S. Programming Configuration

Figure 6. Program Verlfication



I lte' 2764A |
ADVANCED 64K (8Kx8) UV ERASABLE PROM

Inteligent Programming™ Algorithm

= Fast 180 nsec Access Time
—HMOS II*-E Technology . —Fastest EPROM\Programmlng
Low s Intgligent Identifier™ Mode
" Powe! —Automated Programming Operations

—60 mA Maximum Active
—20 mA Maximum Standby

s Two Line Control

The Intel 2764 A is a 5V only,
(EPROM). The 2764A Is an advanced version of the 2764
‘which significantly reduces die size and greatly improves the device's perform

reliability and producibility.
The 2764A provides access times to 180 ns/2764A-1). Thisis an improvement o

ns. This is compatible with high-performance microprocessors, such as intel’
operation without the addition of WAIT states. The 2764A is also directly com

s Compatible with 2764, 27128, 27258
a =10% Vcc Tolerance Avaliable

65.536-bit ultraviolet erasable and elsctrically programmable m:ld—on!y memory
and is fabricated with Intel's HMOSI-E technology

ance, power consumption,

ver the fastest 2764 access time of 200
s 8 MHz IAPX 186 allowing full speed
patible with the 12 MHz 8051 family.

have been dasigned into the 2764A that allow fast and reliable programming-—the

thm and the intgligent identifier Mode. Programming aquipment that takes advantage of
then rapidly program it using an efficient programming

Several advanced fealures
" intgligent Programming Algori

these innovations will electronically identity the 2764A and

method.

The 2764A also offers reduced power consumption compared 1
. faster speed parts is 60 mA while the maximum standby curren

power consumption without Increasing access time.

Two-line controt and JEDEC-approved, 28 pin packaging are standard features of all Intel hig

This ensures easy microprocessor interfacing and minimum design efforts when upgrading,

between non-volatile memory altematives.

o the 2764, The maximum aclive current on
1 Is only 20 mA. The standby mode lowers

her density EPROMs.
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EXTERNAL CLOCK DRIVE

Symbol Parameter Min Max Unlts

1TCLCL Oscillator Frequency 35 12 MHz
"TCHCX High Time 20° ns
TCLCX Low Time 20 ns
TCLCH Rise Time 20 ns
TCHCL Fall Time 20 ns

EXTERNAL CLOCK DRIVE WAVEFORMS

—— TCHNCX — TCLCH —~ e ~a— TCHCL

S e e\l

A.C. TESTING INPUT, OUTPUT WAYEFORM

) W %_-
- L 4
+ TEST POTS ©
” LY
[ X (1)

AC TESTING WPUTS ARE DAIVEN AT 24 v FOR A LOGIT 1 AND 045 ¥ FOR
ALOGIC 0 TAMNG ML ASURCMINTS ARL MADL AT 208 FOA A LOGIC )
ANC 0 BV FOR A LOGK ©




2764A

ABSOLUTE MAXIMUM RATINGS®

Temperature Under Bias

*NOTICE: Stresses above those listed under “Absoksty
Maximum Ratings” may cause permanent Jamage tothe
device. This is a stress rating only and functional opers.
tion of the device at these or sny other conditions-above

Storage Temperature .............--. e . h ; 4
Al Input o Output Voltages with those indicated in the operational sections ol thig
RospectloGround ..........oeouences +6.5V 1o 0.6V specitication Is not implied. Exposure to absolute may-
Voltage on Pin 24 with “mum rating conditions for extended periods may affect
Respoct 16 Ground «...ooevvevreenns +13.5V 10 ~0.6V device reliabllity.
Vpp Supply Voltsge with Respect to
Ground During Programming ....... ., +14Vto 0.6V
D.C. AND A.C. OPERATING CONDITIONRS DURING READ
2764A-1, 2T84A-2, 2T64A 2T64A-20, 2TEAA-28
2784A.3, 2T84A4 2764A-30, 2784 A48
Operating Temperature Range 0*-70°C 0°-70°C
Vce Power Supply' 2 5V =5% 5V = 10%
Vpp Voltage® Vep = Vcc Vep = Ve
READ OPERATION
D.C. CHARACTERISTICS
Limits
Symdol Parameter . Min Ty»® Meax Unit Cenditions
LY input Load Current 10 nh Vin = 5.5V
ho Output Leskage Current 10 ¢ uA Vouyt = 5.5V
Iopa? Vpp Current Resd s Y Vpp = 55V
teer? Vec Current Standby 2038° mA CE -.Vin
leca? Ve Currant Active so7s® mA TE-OE~Vn
A8 Input Low Voltage -1 +8 v
Vin Input High Voltage 20 Vee+1! v
Vot Output Low Voltage 45 v to = 2.1mA
Vou Output High Voltage 24 v low = —0uA
Vpp' Vpp Read Voitage 38 Vee v Ve = 3.0V 2025V
A.C. CHARAC‘[ERISTICS
[ areanzos | 27siaasa | 2reaased | reiAAS R
2764A-1 Umits yreia-2Uimital 27044 Limite | 2784A-3 Limits 276444 Uimits e *
Symdol Parameter Min | Max | Min | Max| Min | Maz| Min Mex | Min | Max | Unit tens
uee Address to Output 180 200 250 300 450 ns |CE-~OE-Vi
Delay ] ]
[ CE 10 Output Delay 180 200 250 300 450 | me [OE=Wy !
| toe OE 1o Output Detay e s 100 120 150 | ne |CE-viy
tos* | OE or CE Highto ° s ] o] ss| o | e| o [tws]| o 10 | ne S
Output Dats Float
tom Output Hold from (] 0 0 o 0 ns |CE-OE-We
Acdrasses CE or OE s
Whichever Occurred
First -
NOTES: Vo Must be apphea simuitaneously ot before V;. and removed mmuitaneously of sfier Voo

TWpical velues sre for L
This parameter is only sampied and
driven — see liming diagram on the
Maxice rating differs with access time Ra
ime only.

son

Ve. may be connected directly to V. except duting pvocummlﬁg The

= 25°C and nominal sugply voitages. . N

is not 100% lested. Output Float is defined s the point where dals is no tord* -
page. -

supply cutrent would then be the sum ot k. andlor.

ting of 60 MA active and 20 mA standby are for 2764As at 200 nsec and 180 nses 3T
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2
CAPACITANCE (Ta= 25°C. = 1MHz)

Symbol Psrametet Typ.'| Max.| Unit Conditions ]
Cu Input Cspacitance 4 6 | of V= OV
1 Cour Output Capacitance 8 12 | of Vour =0V J

A.C. TESTING INPUTIOUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT

p——

“ ,__><:-:>mmn<:><‘ 03,

(2]

)

AC TESTING INPUTS ARE DRIVEN AT 2 4V FORALOGIC | ANDQ 4V FOR
ALOGIC 0 TimeG MEASUREMENTS ARE MADE AT 20v FOR A LOGKC 1
AND O 8% FOR ALOGKC O

C 100pF
€, WCLUDES #G CAPRCITANCE

A.C. WAVEFORMS

vaLD

X | PO,

X Y7

Y ){* W 00-0—1x,——.

>

™ "
w y [
" | eeee o
u‘——.
R

Y —t A A
outmit ngn2 m_,:‘:?"m :K\ won 2

Ya,

NOTES: 1. Typcal vahuoa e for T, 26°C snd nomne! SUDPYY voRtages.
m-wnmmauwlom'mm —
3 OF may be duplayed up 1o tcg - ot nh—hohﬂmqmoolc!mmauhmp‘clonu
& iy 18 specitied trom DE o1 CE, whichever occuns hrst .
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DEVICE OPERATION

The seven modes of oparation of the 2764A are listed
in Table 1. A singie 5V power supply is requlred in the
read mode. All inputs are TTL levels except for Vpp
and 12V on A9 for intgligent identifier mode.

Table 1. MODE SELECTION

PINS Outputs
TE | 5t {ISH ;‘v vr :fﬁ (11-13, 18
HODE (20){(22)| @7 {(24)] () -19)
Read Vig IWy [ Vin | X VeelVeg] Oour
Output Disable vie {vinf vin | X [Vee]vVee] HenZ
Standby vin| x| x | x iveelvegl MohZ
Vernty Vic Vg {Vim | X {Vep|Vee] Doyt .
Program Inhibit Vinli X X | X {vpplvee] Hign2
intghgent Identier [ Vig | Vi | Vin | W [ Vo) Ve Coce
intghigent
Programming Vig {Vin{ Wiy | X {Vep|VcC On
NOTES:

1 Xcanbe Viu 07 Vi
2 W20V -0 5V

READ MODE

The 2764A has two control functions, both of which
must be logically active in order to obtain data atthe
outputs. Chip Enable (CE) is the powsr control and
should be used for device selection. Output Enable
(OE) is the output control and shouid be used to gate
data from the output pins, independent of device
selection. Assuming that addresses are stabla, the
address access time (taccl is equal to the delay from
CE to output (tcg). Data is available at the outputs
after & delay of tog from the falling edge of OE,
assuming that CE has been low and addresses have
besn stable for at least tacc— o€’

STANDBY MODE

The 2364A has standby mode which reduces the
maximum current from 75 mA to 35 mA. The 2764 A Is
placed in the standby mode by applying a TTL-high
signal to tha CE input. When in standby mode, the
outputs are in a high impedance state, independent
of the OE input. =

Output OR-Tieing

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

a) the lowest possible memory power dissipation,

and
b) complete assurance that output bus contention

will not occur.

To use these two control lines most efficlently” CE
(pin 20) should be decoded and used as the primary
device sslecting function, while OE (pin 22} should
be made a common connection to all devices in thy
array snd connected to the READ line from the-sys-
tem control bus. This assures that all dessiscteg
memory devices are in their low power standby mode
and that the output pins are active only when data ls
desired from a particular memory device.

System Considerations

The power switching characteristics of HMOSII-E
EPROMs require careful decoupling of the devices,
The supply current, Icc. 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 thess
transient current peaks is dependent on the output

. capacitive loading of the device. The associated tran-

sient voltage peaks can be suppressed by complying
with Intel's Two-Line Control, as detailed in Intel's
Application Nots AP-72, Order Number 8566, and by
properly selected decoupling capacitors. R is recom-
mended that a 0.1 uF ceramic capacitor be used on
every device between Vcc and GND. This should be &
high frequency capacitof of low inherent inductance and
should be placed 8s close 1o the device 8s possible. In
addition, & 4.7 uF bulk electrolytic capacitor should be
used betwesn Ve and GND for every eight devices.
The bulk capacitor shouid be located near where the
power supply is connected to the array. The purpose of
the bulk capacitor is to overcome the voltage droop -
caused by the inductive etfect of PC board-traces.

PROGRAMMING MODES

Caution: Exceeding 14V on pin 1 (Vpal will permanently
damage the 2764A.

Initially, and after each erasure, all bits of the 2764A"
2re in the "1" state. Data is introduced by selectively
programming “0s” into the desired bit locations. A
though only “0s" will be programmed, both "18” and
“0s” can be present in the data word. The only way 1o,
change a “0" to & "1" is by ultraviolet light erasurf

The 2764A is in the programming mode when Ver
jnputis at 12.5V and CE and PGM are both at TTL low
The data to be programmed is epplied 8 bits in parak
Jol o the data output pins. The levels required for the
address and data inputs are TTL. '
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Intgligent Programming™ Algorithm

The 2764A intgligent Programming Algorithm
rapidly programs Intsl 2764 A EPROMs using an effi-
ciont and reliable method particularly suited to the
production programming environment. Typical pro-
gramming time for individual devices is on the order
of one and a half minutes. Programming refiability is
also ensured as the incremental program margin of
each byte is -continually monitored to determine
when it has been successfully programmed. A flow-
chart of the 2764A intgligent Programming Al-
gorithm is shown in Figure 3. .

The intgligent Programming Algorithm utilities two
different pulse types: initial and overprogram. The
duration of the initial PGM pulse(s) is one millisecond.
which will then be followed by a longer overprogram
pulse of length 3X msec. X is an iteration counter and is
equal to the number of the initial one millisecond pulses
applied 1o a particular 2764A location, before a correct
verify occurs. Up lo 25 one-millisecond pulses per byte
are provided for before the overprogram pulse is
applied.

I'he entire sequence of program pulses and byte
werifications Is performed st Voc = 6.0Vand Vep =
12.5V. When the intgligent Programming cycle has
been completed, all bytes shouid be compared to the
original data with Vec = Vpp = 5.0V.

Program Inhibit

Programming of multiple 2764As in parallel with d?;-
ferent data is easily accomplished by using the Pro-
gram Inhibit mode. A high-level CE or P%H input
inhibits the other 2764As from being programmed.

Except 1o, CE, all like inputs (including JE) of the
parallel 2764As may bs common. A TTL low-level
pulss applied to the CE input with Vpp at 12.5V will
program tha selected 2764A.

Verity

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

Inteligent Identifler™ Mode

The Intgligent Identifier Mode aliows the reading out
of a binary code from an EPROM that will identity its
manufacturer and type. This mode is intended for
use by programming equipment for the purpose
of automatically matching the device to be pro-
grammed with its corresponding programming algo-
rithm. This mode is functional in the 25°C =§°C
ambient temperature range that is required when
programming the 2764A.

To activate this mode, the programming equipment
must force 11.5V to 12.5V on address line A9 (pin 24)
of the 2764A. Two identifier bytes may then be se-
quenced from the device outputs by toggling ad-
dress line AO (pin 10) from Vy_ to Vin. All other
address lines must be held at V) during intgligent
Identifier Mode.

Byte 0 (A0 = V) represants the manufacturer code
and byte 1 (AD = Viy) the device identifier code. For
the Intel 2764 A, these two identitier bytes are given in
Table 2. All identifiers for manufacturer and device
codes will possess odd parity, with the MSB {07)
defined as the parity bit.

Table 2. 2764A intgligent identitier™ Bytes

Identifier Fine (?3) (?:) (?:) 3 3 (?:) (?3) (?3, (?'.3) (??) de
Manufacturer Code ViL 1 Q 0 0 1 0 0 1 89
Device Code vin 0 0 0 o | 1] o 0 0 08
NOTES:

1. Ag = 12,0V =0.8V
2 Ay-Ag. Ayg-Ayy TE.OE = Vi
3 A= VikorVy
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ERASURE CHARACTERISTICS

The erasure characteristics of the 2764A are such
{hat erasure bagins to oCCur UpON exposure to light
with wavelengths shorter than approximately 4000
Angstroms (A). it should be noted that sunlight and
certain types of fluorescent lamps have wavelengths
in the 3000-4000A range. Data show that constant

exposure to room level fluorescent lighting could
erase that typical 2764A in approximately 3 years,
while it would take approximately 1 week to cause
erasure when exposed to direct sunlight. it the
2764A is to be exposed to these types of lighting
conditions for extended periods of time. opaque
jabels should be placed over the 2764A window to
prevent unintentional erasure.

The recommended erasure procedure for the 2764A
is exposure to shortwave ultraviolet light which has a

intgligent Programming™ Algorithm.
D.C. PROGRAMMING CHARACTERISTICS:

T = 25 = 5°C, Vcc = 6.0V = 0.25V, Vpp = 12.5V = 0.5V

’

wavelength of 2537 Angstroms (A4). 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 ultraviolet lamp with a 12000
uW/cm&power rating. The 2764A should be placed
within 1 inch of the lamp tubes during erasure. The
maximum integrated dose a 2764A can be axposed
to without damage is 7258 Wsec/cm? (1 week @
12000 1 W/cm?). Exposure of the 2764A to high in-
tensity UV light for long periods may cause par
manent damage. ‘

RELEVANT INTEL LITERATURE

AR-265 Versatile Algorithm, Equipment Cut
Programming Time
RR-358 EPROM Reliability Data Summary

Limlits Test Conditions

Symbol Paramoter Min. Max. | Unit | (seeNoted)
i input Current (All Inputs) 10 rA Vin = Vi of Vin
Vi input Low Level (All inputs) -0.1 0.8
Vin Input High Level 2.0 Vee
Vou Output Low Volitage During Verity 045 v lov= 2.1 mA

. Vou Output High Voltage During Verity 2.4 V. lonw= —400 uA
lec2 Vee Supply Current(Program & Verify) 75 mA
lpp2 Vpe Supgly Current (Program) 50 mA CE =Vu
Vio A, intgligent tdentifier Voltage 11.5 125 v

NOTES:

1. Ve must b

e applied simultaneously or before Ve and removed simultaneously or atter Ves.
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A.C. PROGRAMMING CHARACTERISTICS:
Ta=252%5C,Vcc =60V= 0.25V, Vpp = 12.5V = 0.5V
Limits Tost Conditions® |
Symbol Parameter Min. {~Typ. | Max. | Unit (ses Note 1)
tas Address Setup Time 2 us ’ T
toes OE Setup Time 2 | ms
tos Data Setup Time 2 us
tan Address Hold Time 0 s
ton Data Hold Time 2 us
tors’ OE High o Outpyt Float Delay 0 130 ns
typs Vee Setup Time 2 us
tves Vec Setup Time 2 S
tew PGM Initial Program Pulse Width 085 1.0 1.05 | ms (see Note 3)
topw PGM Overprogram Pulse Width 2.85 7875 | ms (see Note 2)
toe Data Valid from OE 150 | ns
NOTES: .

*A.C. CONDITIONS CF TEST

Input Rise and Fall Times (10% 10 90%) ... 20 ns
Input Pulse Levels ................ 0.45V 10 2.4V 2.

Input Timing Reference Level..... 0.8V and 2.0V
Output Timing Reference Level ... 0.8V and 2.0V

»~ W

1.

Vce must be applied simultaneously or before Vpp
and removed simultaneously or after Vpp.

The length of the overprogram pulse may vary trom
2.85 msec 10 78.75 msec as a funchion of the iteration
counter value X,

. lnitial Program Pulse width tolerance is 1 msac =5%.
. This parameter is only sampled and is not 100%

tested Output Float is delined as the point where
data is no longer driven—see hming diagram

2
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intyligent Programming™ WAVEFORMS

2

r PAOGRAM vERIFY
v n
. = -t
ADORESSES ADDRESS STABLE
v . =i
peo— '; et N
R — bty o7
10l
- [ [ ~e
oata < oatamstase N o k3 { DATA OUT VALID e
LN - >3 '
- v oFs
fa—— | —— fo . o — {013
2 Maa
23 o/
. 4

I

T

S

a L

v.

-~ LA -

fa— 0 *% —an e
MAz '

. ALLTIMES SHOWN IN{ | ARE MINIMUM AND IN 1 SEC UNLESS OTHE’jWISE SPECIFIED.

. THE INPUT TIMING REFERENCE LEVEL 1S .8V FOR V, AND 2V FOR A Viy.
tog AND tosp ARE CHARACTERISTICS OF THE DEVICE BUT MUST BE ACCOMMODATED BY THE PROGRAMMER.

. WHEN PROGRAMMING THE 2764A. A.0.1 uF CAPACITOR IS REQUIRED ACROSS Vpp AND GROUND TO SUPRESS
SPURIOUS VOLTAGE TRANSIENTS WHICH CAN DAMAGE THE DEVICE.

a———— s
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MMS54HC373/74HC373

National )
Semiconductor -

MM54HC373/MM74HC373 TRI-STATE® Octal

D-Type Latch

General Description

These high speed OCTAL D-TYPE LATCHES utilize
microCMOS Technology, 3.5 micron silicon gate P-well
CMOS. They possess the high noise immunity and low pow-
er consumption of standard CMOS integrated circuits, as
well as the ability to drive 15 LS-TTL loads. Dus to the large
output drive capability and the TRI-STATE feature, these
devices are ideally suited for interfacing with bus fines in a
bus organized system.

when the LATCH ENABLE input ig high, the Q outputs will
follow the D inputs. When the LATCH ENABLE goes low,
data at the D inputs will be retained at the outputs until
LATCH ENABLE retumns high again. When a high logic level
is applied 10 the QUTPUT CONTROL input, alt outputs go to
a high impedance state, regardless of what signals are pres-

ent at the other inputs and the state of the storage ey
mants.

The 54HC/74HC logic tamily is speed, function, and pinox
compatible with the standard 54LS/74LS logic family. A)
inputs are protected from damage due 1o static discharge by
internal digde clamps to Ve and ground.

Features

B Typical propagation delay: 18 ns

¥ Wide operating voltage range: 2 to 6 volts

m Low input current: 1 pA maximum

B Low quiescent current: 80 pA maximum (74 saries)
B Output drive capability: 15 LS-TTL loads

Connection. Diagram
Duak-In-Line Package
LATCH
ENABLE
Yee 8Q 80 70 7Q 8Q 6D sD 50 [
lzo 19 18 17 16 15 l14 J13 l12 11
[: Q L] ] E o] Q :] g Q Dj [:'D Q
' & p—e—dG Gp—eaaG
O OE OE OE
3 3 S ]
Q 0 [ D Q Q [»] D Q
e = =b da
r oe © € oe 1 oe ® G oe
T T I ]
— — L —_
1 2 3 I 4 5 ) 7 8 9 l 10
ouTPUT [0} 1D 2D 2Q 3Q 30 40 4Q GND
CONTROL TOP VIEW TUF/8338-1
MMS54HC3I7I/MMT74HC373
S4HC373(J) 74HC3I?3I(JN)
Truth Table
Outpu: Latch 373
Data H = hoh igvel L = low level
Control | Enable Output Qg ="1ove: Of Outns Detore Steady-stals nout cond-
L H *H ‘H DONS wore es.abirshai.
L H L % [ Z = reQh moecance
L L X Qo
H X X Y4
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apsolute Maximum Ratings tows 18 2 Operating Conditions
volage (Vec) -05% +7.0v Min Max Units
ot et vOItAgE (ViN) ~1.510 Voo +1.5V Supply Voltage (Vco) 2 6 v
: vottage (VouT) ~0.510 Vg + 0.5V DC input or Qutput Vottage 0 Ve v
a e £20 mA Vin-Your)
oy w00 Current Ik, lox) : ;
. N . 5 mA Operating Temperature Range (T,
~n oot Current, pef pin ('M) 3 MM74HC - +85 C
o ., o GND Current, per pin (icc) =70 mA MMS54HC -55  +125 e
avaye Temperature Range (Tsg) -65°Cto +150°C Input Rise or Fall Times
e DXERIPAUON (Pp) 500 mwW ) Veg=20V 1000 ns
. ture (T) (Soldering 10 seconds) 260°C Vec=4.5V 500 ns
oot Tomoerature (T " Voo = 6.0V 400 ns
pC Electrical Characteristics
rT i' Ta=25C 74HC S4HC
=~ 40t = -
: i Parameter Conditions Vee Ta=—40t085°C | Ta 56t0125°C Units
Typ Guaranteed Limits
Mirvmum High Level 2.0v 1.5 1.5 1.5 v
input Voltage 4.5V 3.15- 3.15 3.15 v
6.0V 42 42 42 v
Maumum Low Level 2.0v 0.3 0.3 0.3 \'
input Voltage 4.5V 0.9 0.9 0.9 v
6.0V 1.2 1.2 1.2 v
Mimimum High Level | Vin=Vpq or Vi
Dutput Voltage HlouTi$20 pA 20V} 20| 18 1.9 1.9 \Y
45V} 45| 44 44 4.4 v
60V|{ 60| 59 59 .5.9 v
Vin=Vin of Vi
llouTi<6.0 mA 45v | 42 | 3.98 3.84 3.7 v
llourl<7.8 mA 6.0V | 57 | 548 5.34 5.2 v
Maximum Low Leve! ViN=Vigor Vi
Dutput Voltage llouti<20 A 20v| 0 | 01 0.1 0.1 v
45vi 0 0.1 0.1 0.1 V'
6.0V} 0O 0.1 0.1 0.1 v
Vin=Vigor Vi .
lloutls6.0 mA 45v| 02 | 026 0.33 0.4 v
lloutl<7.8 mA 6.0v| 02 | 0.26° 0.33 0.4 \'
Maximum input Vin=Vce or GND 6.0V +0.1 =10 1.0 pA
Current
Maxnmum TRI- Vin=Viqor ¥y, OC=Vyy | 6.0V +05 5 +10 BA
©TATE Output Vout =Vog or GND
] im-age Current
Muxtmum Quiescent {"Viy = Vg of GND 6.0V 8.0 80 160 pA
Supply Current lout=0 pA

Ll k\:.uuummmlmm“wmwwmmmym.

bt =TT 3Merwisy soecifed Al volages are refersnced 1o ground.

3 Pows: DSs0850n tMOSTItUre COralNg — plastic “N” peckage: =12 mW/C from 65°C © B8S'C, cerart “J” package: - 12 mW/°C trom

M owese

= L 8 2ower supply of SV 210% T worst case OUt voitages (Vou. & Vo) oot for HC at 4.5V. Thus T 4.5V vakms should De used when
T % P wDpiy. Worst 236 Vi, nd Vy_ 00 82 Veg = 5.5V and 4.5V resoectvely (The Vy, vahus 22 5.5V 5 3 85V} The worst caree leakape current (i,

LI <

20 0ezur for CMOS at the i voRage and 30 1 8.0V values should be used.

E ELEOHVL/ELEOHYSININ
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AC Electrical Characteristics vee=5v. Ty=25'C, t,=t/=6 ns (Note 6)

Symboi Parameter Conditions Typ Guaranteed Limht

PHL, tPLH Maximum Propagation Delay, Data to Q Cy = 45.pF 18 25

teHL. LU Maximum Propagation Delay, Clock to Q C_ =45 pF 21 30

tozH, ozl Maximurm Output Enable RL= 1k 20 28 R
Time CL=45pF

toHZ. oLz Maximum Output Disable R =1kQ 18 25
Time CL=5pF

tg Minirnum Set Up Time 5

t Minimum Hold Time 10

w Minimum Puise Width 9 16

AC Electrical Characteristics vee=2.0-6.0v, C =50 pF, t,=ty=6 ns (unless otherwise specified) (Nex:

Ta=25C 74HC S4HC ™
Symbol Parameter Condlitions | Ve Ta= 4010 85°C | Ta~ —S5to125°¢
Typ Guaranteed Limits
terL. tpuy | Maximum Propagation C_ =50pF | 20V | 50 | 150 188 225 ]
Detlay, Data to Q C =150pF [ 2.0V | 80 [ 200 250 300
C_ =50pF | 45v | 22 30 37 45
C_=150pF | 45V | 30 40 50 60
Cy=50pF | 6.0V 19 26 31 38
C_=150pF | 6.0V { 26 35 44 53
tpHL. then | Maximum Propagation C_=50pF | 2.0V | 63 | 175 220 263
Delay, Ciock to O C_=150pF | 20V | 110 | 225 280 338
C_=50pF | 45V | 25 35 44 52
C.=150pF | 45V | 35 | 45 56 68
C =50pF | 6.0V | 21 | 30 37 45
C_=150pF | 6.0V | 28 39 49 59
oz, tozL | Maximum Output Enable R =1k
Time CL=50pF |20v| 50 | 150 188 225
C_ =150pF | 2.0V | 80 | 200 250 300
C_=50pF |45V} 21 30 37 45
C_=150pF | 45V | 30 40 50 60
C.=50pF |eov| 19 | 26 31 39
C.=150pF | 6.0V | 26 | 35 44 53
teHz, trz | Maximum Output Disable Ry=1kQ- 20V | 50 | 150 188 225
Time C_=50pF |45V { 21 30 az 45
60v] 19 26 31 39
ts Minimum Set Up Time 2.0v 5 25 31 38
4.5V 2 5 6 8
6.0V 2 5 6 8
| %] Flinimum Hold Time 20V 20 50 60 75
4.5V 6 10 13 20
6ov| 6 | 10 13 20
tw Minimum Pulse Width 20V} 30 80 100 120
4.5V { 10 16 20 24
8.0V 9 14 18 20
tTHL. tTin | Maximum Output Rise CL=50pF |20V 25 60 75 90
and Fall Time 4.5V 7 12 15 18
. 6.0V 6 10 13 15
Cep Power Dissipation (per latch)
Capacitance (Note 5) OC=Vcc 30
OC=GND 50
Cin Maximum. Input Capacitance 5 10 10 10
Cour Maximum Output Capacitance 15 | 20 20 20
Note & Cpp determines te no load dynamic powsr consumgtion, Po=Crg Vec? f4icc Vec. and the no 030 dynamc currem cons®
%=~Crp Voo I+ lcc.

Note & Refer 10 back of this section for Typical MM54/74HC AC Switching Wavetorms and Test Circuits
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ex SEMICONDUCTOR
TECHNICAL DATA

Photo Detector VMIRD821
Diode Qutput ’ o

This device is designed foe.infrarec remate control and other sansing appuwstions, ang.
can be used in conjunction with the MLED81 infrarecd emitting diode.
* Low Cast

PHOTO DETECTOR
Designed for Automated Handling and Accurate Pasitioning DIODE OUTPUT

*
® Sensitive Throughout the Near Infrared Spectrai Range
o Infrared Filter for Rejection of Visibie Light

* High Speed

MAXIMUM RATINGS

Rating f Symbol Value_ Unit
Reverse Vohtage . <L i “|= i’ Voits )
Forward Current — Continuous P = Qi 100, ) mA
Total Power Dissioation @ Ta = 25°C o 7] 150} omwe e
© Derate above 2ST - .. . . 33 mwre
AmBient Ooerating Temoerature Range y Ta ~30to +70 < —
Storage Temperawsrs .7 Tsg -40t0 +20 <
2 1y T — X
LY 25 @ ] T e
ELECTRICAL CHARACTERISTICS (Tp = IS°C uniess otherwise noted) - -~ -
. Characteriste Symboi |.  Min Tye — “* Max _ Unit
Dark Current (Vg = 10V) e v . gt ] o= ta 0 nA
- Cacacitance {f = 1 MHL Y = 0)- . ] cr | - - 178 = ] oF
* OPTICAL CHARACTERISTICS WA.‘ 25°C unless otherwise noted) - y
D e - Charscteristic ) Symbol | * Min Typ . Max Unit. -
Waveleng:h of Maximum Sensitivity . Amax - 340 — am
Spectrai Range ) 4 £5% -_ 170 —_ © am
Sensitivity (A = S0 am, VR = 20V) - - s - - 0. . —_ " wAmwiom?
Temperature Coetficient of Sensnivity . s — 0.1 |- = [ «k
Acceptance Half-Angle e — =70 - ]
Short Circuit Current (Ev = 1000 lux!) Is .. - —_ i nA
. QOpen Circuit Vohage (Ey =« 1000 lux!) VU .oy 0.3 - l \'

NOTE 1. £v is the illuminanon from an ynfinered tngsten filament source, having & coior tamoerature of 7285K [rtandard ight A, in acorcanes with
.\ CINSCT anat IEC publication 306-11,
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Figure 7. Capacitance versus Reverse Voltage

OUTLINE DIMENSIONS
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MRD821

TYPICAL CHARACTERISTICS

8 8

'y

/ N\

5

NIATIVE INIEHSITY (R OF PEAK)

4

/ \

4/ . ~

o] = 1000 1no

200
WAVELENGTH lam) |

Figure 1. Relative Spectral Sensitivity

Figure 3. Angular Response -

Ip. LEAKAGE CURRENT {nA}
i ;

a
N

——_,
et
/./ﬁ
. Ty = BT 4
[} ., F2] 3 . @ - =
Ya, REVERSE VOUTAGE (V) N

Figure 5. Dark Current versus Reverse Voltage

4 B

&

—r

=

fc. SHORT CIMCUIT CURRENT, 1 SEC (jeA)

e

o] 1000 =0 200
Sy, ALUMINANCE 2033

Figure 2. Short Circuit Currertt versus lliuminance

(R}

o
]

[

Voc, OPEHR CIRCUIT VOLIAGE (v}

oy

0 A - 0
21, ALUMINANCE UK

&0

Figure 4. Ogen Circuit Voltage versus flluminanca

ES

g-ta-’
" 3 0l

- .

2 gl . : .1/

3.?) //

2° '

by /
10~ T B H
Jvasnav
¢ Bo— 0 8 £
Ta, AMBIENT TESERAOURE (T °

Figure 6. Dark Current vecsug Temperature

.



MOTOROLA
mm SEMICCNDUCTOR
TECHNICAL DATA

* Infrared LED MLEDS1

This davice is designad for infrared remate control 2nd other sensing aoplicaticrs. and
zan be used in conjuncticn with the H1RDE2T photocdiode. it features high power outous,
using long-life gallium arsenide technology.

¢ Low Cost INFRARED
# Popular T-1¥. Package LED

¢ iceal Seam Angie for Mast Remote Coatrot Asplications %43 nm
* Uses Siacie tong-Life LED Tecnnology

e Clear Enoxy Package

MAXIMUM RATINGS

Rating Srmbol‘ Yalve ‘ Un
Qaverse Voltage ¥a S Yoits
Forwarg Curren: — Continuous e 100 mA
Forware Current — Peac Puise iz H A
Total Power Dissipation @ T4 = IS°T (2] Heo} W
", Oecate above 2§°C .2 MW.C
Ampient Ooerating Temoeraiure Range Ta -30tw -70 < R
Storage Temoarature Tsig -30t0 ~%0 < .
Lead Scidering Temparature, _ 25-?' 2 CASE 773351
§ seconcs max, 1716 inax Lom case

ELECTRICAL CHAPACTERISTICS Ta = 35°C uniess otherwise noted)

N Checactedistic $ymbol Min Typ Max Unit
Aeverze Lesrage Current (Vg = 3V) R fa -_— ] -— AA
Aeverse Leacage Cumrenz (Vg = SV) ‘a — 10 2A )
Forwara Vorage (Ix = 100 mA} vz —_ 135 17 v
Temoerature Coetficent of Forward Voitage AVe —_— ~-1.8 - mvyxX
Capacitzace {f = i MHz) 3 j c - 2s —_ oF

OPTICAL CHARACTERISTICS (T4 = 25°C unless otherwise noted)

Characieriztic S:mbol Min Typ Max Unt
Peak Wavelangth {Ig = 100 mA} AD et R0 - — nm
Soectral Half-Powy 2anawicth KoY - 2 - nm
Totat Power Outout {Ip = 100 mA} Sa —_ , 18 —_ nw
Temperature Caefficient of Totwal Power Qutout 20e -— -3.28% - K
Axisi Radiant Intensuy (ic = 10¢ mA) te 10 H -— m¥ise
Tem~arature Coelficient ol Axial Raaiant intensity g -_ - 028 — <X
Pow. Maif-Angle ] — =2 —_ .




MLEDS81

TYPICAL CHARACTERISTICS."
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MM3903 (siicon)

MM3904

-

NPN SILICON ANNULAR TRANSISTORS

« . . designed for general purpose switching and amplifier applications.
Direct replacement for plastic 2N3903 and 2N3504.

® Hermetic Low Profile TO-52 Metal Pack age for High Religbility
® High Voltage Ratings — BVCEQ = 40 Volts (Min)
® Current Gain Specified from 100 nA to 100 mA

® Complete Switching and Amptifier Specifications

NPN SILICON
SWITCHING AND AMPLIFIER
TRANSISTORS

MAXIMUM RATINGS

Rating

Symbol Veive Unit
Coltector-Emitter Voltage Veeo 40 Vde
Collector-Base Voitage Vcs 60 Vde
Emitter-Base Voltage Veg 6.0 Vdc
Colisctor Current Ie 200 mAdc
Total Device Dissipetion ® T, = 25°C o 360- - - mw
Owrats sbove 25°C 2.06 mW/°C
Operating and Storage Junction Ty Teg =55 to +200 °c
Temgarsturs Range
THERMAL CHARACTERISTICS
Charsctarietic Symbol Max Unit
Thermal Resi . Junction w Ambi (27 0.49 SCImw




MM3903, MM3904 (continued)

ELECTRICAL CHARACTERISTICS (T, = 25°C unless atherwse noted)

[ Characteristic I Fig. No. l Symbol Min ] Max ] ot 1
OFF CHARACTERISTICS
Collector-Base Breakdown Voltage BVepo Vde
(1o » 10 uAdc, 1p = 0 - 60 -
Collector-Emitter Breskdown Voltage (1) BVCEO Vde
(lc = 1.0 mAde, lB =8 - 40 -
Emitter- Base Breakdoes Voltage BVEBO Vac
(Ig =10 pAce, I+ 0 - 6.0 -
Collector Cutoff Currest 'czx aAdc
(ch » 30 Vde, vEB(ﬂ) ¢ 3.0 Vdc) - - 50
Base Cutoff Current lBL ahde
(Vog = 30 Vde, Vg, p = 3.0 Veo) - . 50
ON CHARACTERISTICS 1
DC Current Gatn 15 "FE -
(lc = 0.1 mAde, VCE s 1.0 Vdc) MM3903 20 .
. MM3904 40 -
(lc + 1.0 mAde, Veg* 1-0 vdc) MM3903 35 .
MM3I904 70 -
(!c = 10 mAde, vCE + 1.0 Vdc) MMIN3 50 150
- MM3I904 100 300
(lc = 50 mAde, VCE = 1.0 Vi) MM3903 30 -
MMIB04 60 -
(Ic = 100 mAdc, Vo = 1.0 Vée) MM3903 10 -
MM3904 15 -
Collector -Emitter Saturation Voltage 16, 17 vCE(nt) Vidc
(lc = 10 mAdc, lB = 1.O mAdc) - Q.2
(lc + 50 mAde, IB = 5.0 mAdce) - 0.3
Base-Emitter Saturation Voltage 17 v Vde
(g * 10 mAdc, I = 1.0 mAde) BE(sat) 0.65 0.85
(lc = 50 mAde, Ig =50 mAdc) - 0.95
SMALL-SIGNAL CHARACTERISTICS
Current-Gain— Bandwidk’ Product - ‘T MHz
(lc s 10 mAdc, VCE =20 Ve, 1 = 100 MHz) MM3I003 250 -
MM3904 300 -
Qutput Capacitance 3 cob pF
(Vog = 5.0Vde, 1D < 0, £+ 100kMHz) - 5.0
Input Capacitance 3 ch pF
(VBB-O.S Vae, lct.,!-lDOkHz) . 10
Input Impedance 13 h‘e k ohms
(lc = 1.0 mAdc, VCB = 10 Vde, { = 1.0 kHz) MM3803 0.5 8.0
MM3IN04 .o 10
Voltage Feedtack Ratio 14 h" -
U * 1.0 mAde, Vg =30 Ve, £ = 1.0KHz) MM3903 0.1x 104 5% 10-4
MM3904 0.5x 1074 82104
Small-Signal Current Gaim 11 h“ -
{Ig » 1.0 mAde, Vg =10 Vée, (= 1.0kHz) MMI903 50 200
MM3904 100 400
Output Admittance 12 hoe wrnhos
(lc = 1.0 mAde, VCE = 10 Vde, { = 1,0 kHz) - 1.0 40
Noise Figure . 9. 10 NF N daB
(lc = 100 pAde, VCE 25.0 Vde, Rs + 1.0 k ohms, MM3I903 - 6.0
€7 10 Hz to 15.7 kHz) 113904 : 5.0
SWITCHING CHARACTERISTICS
Delay Time (VCC 3.0 Vde, vBE(dI) 2 0.5 vde, 1, 5 4 - 35 ns
Rise Time ,C » 10 mAdc, ,'Bl a 1.0 mAde) 1,8, 8 ‘r R 35 us
Storage Time . MM 3903 2,17 t - 175 s
(Voo = 3.0 Vee, 1 = 10 mAde, 23904 s _ 200
Fall Time | Ipy *1pp * 1.0 mAd) 2.8 Yy - 50 ns
(1) Pulse Test: Pulse Width 300 us, Duty Cycie 2.0%.
FIGURE 1 — DELAY AND RISE TIME FIGURE 2 — STORAGE AND FALL TIME
EQUIVALENT TEST CIRCUIT EQUIVALENT TEST CIRCUIT

+30V 10<t; <500 us—ed t je ~108Y

300 ng .
OUTY OYCLE = 20% ) +106¥ s DUTY CYCLE = 2.0%

05y !
G <aope
e

< 18 -s-J L-
- -91v—

e r-<l0ns

*Total shunt capacitance of test jig and connectors



MM3903, MM3904 (continued)

TRANSIENT CHARACTERISTICS

Ty=25°C
FIGURE 3 — CAPACITANCE
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MM3903, MM3904 (continued)

AUDIO SMALL SIGNAL CHARACTERISTICS
NOISE FIGURE VARIATIONS

NF, NOISE FIGURE (08)

by, CURRENT GAIN

N, INPUT IMPEDANCE () ohms}

FIGURE 9 VcE =5.0Vde, Ta -SSOC FIGURE 10
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“ON" YOLTAGE (VOLTS)

MM3903, MM3904 (continued)

STATIC CHARACTERISTICS
FIGURE 15 — NORMALIZED CURRENT GAIN
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MM3905 (siicon)

MM3906

PNP SILICON ANNULAR TRANSISTORS

® High Voltage Ratings — BVCEQ = 40 Volts (Min)
® Current Gain Specified from 100 A 10 100 mA

® Complete Switching and Amplifier Specifications

. .. designed for general purpose switching and amplifier applications.
Direct replacement for plastic ZN3905 and 2N3906.

Hermetic Low Profile TO-52 Metal Package for High Reliability

PNP SILICON
SWITCHING AND AMPLIFIER
TRANSISTORS

MAXIMUM RATINGS

Ambient

Rating Symbeot Value Unit
Collsctor-Emitter Voltage VCEOD 40 Vae
Collector-Base Voltage vees 40 Vde
Emitter-Base Voitage VEB $.0 Vde
Collector Current ic 200 mAdc
Total Device Dimipation @ Ta = 25°C PO 360 mW

Derate sbove 25°C 2.06 w/oC
Operating and Storage Junction Ty Trg -55 10 +200 oc
Temperaturs Range
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Ihermat Resistance, Junction to oA 0.49 oC/mw

CASE 27
(TO-52)




MM3905, MM3906 (continued)

ELECTRICAL CHARACTERISTICS (T, = 25°C vniess otherwise noted)
l Characteristic T Fig. No. I Symbol I Min [ Max l Unit j
OFF CHARACTERISTICS

f
! Collector-Base Breakdown Voitage - BVCBO Ve
(o = 10 mAdc. g0 40 -
Collector-Emitter Breakdown Voltage {1 - BVero . Ve
(g« 1.0 mAde. 15 0) w0 -
Emitter - Base Breakdown Yoltage - BVEBO Ve
“E' 10 pAdc, IC'O) 5.0 -
Collector Cutoff Current - XCEX nAdc
(Vg = 30 Ve, vBE(olf) + 3.0 Vdc) - S0
Base Cutoff Current - IBL s nAdc
(VCE s 30 Vdc, VBB(OH) * 3.0 Vde) - 0
ON CHARACTERISTICS {1}
DC Current Gain hFE
(IC = 0.1 mAdc, VCE = 1,0 Vde} MM3905 15 30 -
MM3906 60 -
(Ic = 1.0 mAdc, VCE v 1,0 Vdc) MM390S 40 -
MM3906 80 -
(lc + 10 mAdc, VCE = 1,0 Vdc) MM2905 50 150
MM3506 100 300
(lc = 50 mAde, VCE s 1.0 Vde) MM3505 30 -
MM3906 €0 -
(lc = 100 mAde, vCE = 1.0 Vie) MM3905 10 -
MM3906 135 -
Collector -Emitter Saturation Voltage 16, 17 vCE(sal) Vde
(g = 10 mAdc. lg* 1.0 mAdc) - 0.25
(Ie = 50 mAd. 1 = 5.0 mAdc) - 0.4
Base-Emitter Saturation Volu‘ge 17 VBEls ™ Vdc
(g = 10 mAde. 1« 1.0 mAd) i 0.65 0.85
(lc = 50 mAdc, 1= 5.0 mAdc) - 0.95

SMALL-SIGNAL CHARACTERISTICS

Currenat-Gain— Bandwidth Product s ‘T MHz
{lg = 10 mAdc, Vg 20 Vdc, { = 100 MHz) MM3905 200 -
MM3906 250 -
Output Capmcitance 3 cob pF
(Ve * 5-0Vée, [+ 0, 1= 100 kHz) - 5.0
Input Capacitance 3 Cn: pF
(Vg * 0.5 Vdc, 152 0, { « 100 kHz) i 0
Input Impedance 13 hle k ohms
(e = 1.0mAde, Vg =10 Vec, { + 1.0 kHz) MM3905 0.5 8.0
MM3906 2.0 12
. Voltage Feedback Ratio 14 Ao =
(e = .0 mAde, Voo = 10 Vdc, { = 1.0 kHz) MMI90S 3 0.1x1074 5x10°4
MM3906 1x 104 10 x 10-4
Smali-Signal Current Gain 1 hr -
(e * L0 mAde, Vo =10 Vec, f = 1.0 kHz) MM3905 s - 50 200
MM3906 100 400
Output Admittance 0 . 12 h . umhos
(g = 1.0 mAde. Vg = 10 Vée, T 2 1.0 kHz) MM3908 oe 1.0 4“0
MM3906 3.0 60
Noise Figure 8, 10 NF dB
(1. = 300 uAdc, V.= 5.0 Ve, R_ = 1.0k ohm, MM3905 - 5.0
¢ CE s MM3906
{x 10Uz 1o 15.7 kiz) M - 4.0
SWITCHING CHARACTERISTICS
Delay . R .

y Time | (Voo = 3.0 Vée, Voo i = 0.5 Ve, 1,5 ty . 35 ns
Rise Time | Jc ~10mAd, Ig, = 1.0 mAd) 1.5 6 ' - 35 ns
Storage Time . MM3905 2.1 t - 200 ns

| (Voe *3.0Vee, 1o = 10 mAde, MM3908 s _ 225
Fall Time Iy *Igp = 1.0 mAdc) MM1905 2,8 1 - 50 ns
MMIB06 - 5
(¥ Pulse Test: Pulse Width = $00 s, Duty Cycle = 2.0%.
FIGURE 1 — DELAY AND RISE TIME - - FIGURE 2 - STORAGE AND FALL TIME
EQUIVALENT TEST CIACUIT EQUIVALENT TEST CIRCUIT
.,,,,:1_-—« tom -M'?m"
1]
¢ k }c. ot
e = < ’
*Total shunt capacitance of lest jig and connectacs et 30 - ~109Y -

NNt . 208 T N



. STORAGE TIME (ns)

MM3905, MM39086 (continued)

TRANSIENT CHARACTERISTICS
~Ty=25°C -.T = 125°C

FIGURE 3 — CAPACITANCE FIGURE 4 - CHARGE DATA
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MM3905, MM3906 (continued)

AUDIO SMALL SIGNAL CHARACTERISTICS

NOISE FIGURE VARIATIONS
VCE = 5.0 Vde, Ta = 259C

NF, NOISE FIGURE (4B}
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MM3905, MM3906 {continued)
STATIC CHARACTERISTICS

FIGURE 15 —- NORMALIZED CURRENT GAIN
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DATA.SHEETS OF THE pA741 OP AMP

B BRI R IR0
FAIRCHIL

pA741
Operational Amplifier

Linesr Products

Description

The uA741 is & high performance Monolithic
Operntional Amplilier canstructed using the Faiichild
Pianer aphaaial process. it ls intendad for & wide

ns High common mode

e and ebsence of latch-up lendencies
make the uA741 ideal for use as & voltage lollower,
The high gein and wide range of operating voltage
provides superior performance In integrator, summing
amplitier, and general feedback spplications.

NO FREQUENCY COMPENSATION REQUIRED
SHORT-CIRCUIT PROTECTION

OFFSET VOLTAGE NULL CAPABILITY
LARGE COMMON MODE AND DIFFERENTIAL
VOLTAGE RANGES

LOW POWER CONSUMPTION

NO LATCH-UP

Connectlion Diagram
10-Pin Flatpek

’ 10

~e "  —Ine

.oresEt 2
o ] s
T ———Jv-
(L] 2 "ﬁ our
s [}
oregey
M — o
(Tep View)

Order Information
Type Packege Code Part No.
uAT41 Fialpak 3F uAT4IFM
sAT4IA Flatpak JF uAT4IAFM

FIGURE 5A.1

Connection Disgram
8-Pin Melsl Package

{Top View)

Pin 4 connecied to rane

Qc¢der Information

Type Packrge Code Parl No.
uA741 Metal 5w pAT4 MM
uAT4IA Metal 5w #AT41AHM
vAT4IC Meial sw wAT&IHC
HAT4AIE Metal SW #AT4EHC
Connrection Diagram
8-Pin DIP
arrsee ne
wuULL
» V-
o out
-orssee
Y "
(Top View)

Order Information
Type Pachage Cods Part No.
#A721C Molded DIP or uAT4ITC
uA741C Ceramic DIP eT uA?4iRC



prA741

Adbsatute Maximum Ratings
Swpply Voltage
BATOIA, AT4Y, uATSIE
. BAT4IC
Wemal Pows: Dissipation
(Hote 1)
Motsl Pachage
o

Flatpak
Ditterential Input Voltage
put Voltags (Note 2)
Storage Tampersiure Range
Melal Packapa and Flatpak
ov

500 MW
310 mwW
570 mw
30V
218V

Opersting Temperature Renge

Military {LAT41A, LAT41)

=55°C1o +125°C

Commercial (uAT41E, xA741C) 0°Clo +70°C
Pin Temperature {Soldering 60 s)
Mutel Package, Flalpak, and

Ceramic DIP 300°C

Motded DIP {10 ») 260°C
Output Short Circuit Duration

(Note 3) indelinite

~-85*Cto +150°C
-65°C 1o +125°C

Bquavalent Circuit M
INYRRATING INPUT
l "
olk' ’)m ) ou
IA N :3 ] r_t*lu
1 ) on
o= ~
WYERTHD a1 o1 < ny " ou
syt ©an
o ourrut
o -
r\ol /OIC L1g
N wu
(31
SCy an
0 9 [
o
0 u l '/o \ e
$amma A ¥ on
LS ) }\
e o
orfeet Qe on au\{ W
may s
a1 [T L1} an
ae 0 198 u 03¢ %
4 AR TT s
¢ v
orerelyY
UL
)
1 Raing apphes o ambient temperaiures vp 10 YQ‘C Above 2 For supply vollages lass han 2 18 ¥V, Ine sbaoiuie Mansmum

TS°C ambient derste hnsarly 81 6 3 mw/ C for the mela)
pachage, T 1 mW1°C for the haipes and § 8§ mw:°C for

e D

FIGURE 5A.2

npul voltage

oQusl 10 the supply wollage

3 Snot Circuil may be 10 Grownd of erdher supply Ratng spphben
16 +125°C cana 1empersiwe o 15°C ambtrent lemperalwre



uA741

wAT41 and 4AT41C

Etoctrical Chacocloriatics Vg = 215V, Ta = 25°C unless otherwles speciied

uh741 »AT41C

Characleristic Condition Min {Typ {Max [Min [Yyp [Msz jUnH
Input Oftest Voltage Re 5 10k} 1.0 |8.0 2.0 (6.0 |mv
Input Otfaet Current 20 200 20 200 |nA
Input Bias Current 80 500 80 502 [nA
Power Supply Rejection Ratio z: : :;g :33 V.Rg= 501 30 150 30 150 {uVIV
Input Resistance 3 2.0 3 2.0 M
Inpul Capacilance 1.4 1.4 pF
Adivatmont Sange 216 $18] |
Input Voltsge Range 212|213 v
g:;:;"::“‘:‘i‘:l‘o As < 10 k0 70 |e0 d8
Output Short Clrguit Current 25 25 mA
Lerge Signal Voliage Gain Ry = 2k, Voyy = =10V 50k | 200 20% | 200k
Output Resistance 75 78 Q

Ay = 10k 212 (214 \
Outpul Voitage Swing AL > 20 s0l=13 v
Supply Cucrent 1.7 2.8 1.7 2.8 mA
Power Consumption " 50 85 50 88 mw
Teansient Rive Time [Vpy = 20 mV, Ay = 2 k0, 3 3 us
{Unity Gain) Overshoot | CL < 100 pF 50 5.0 Y
Bandwidth (Note 4) 10 M RK:] Mz
Slew Rale R 2 2k 5 8 Vius
Motes

0.28
4, Catculsted value from BW(AIz} = m
8 ARVce = 15 Vior gAT4T and 4ATAIC.
8 Masimem supply current for s devicos

25°C = 2.8 mA
125°C » 2.6 mA
=58°C=33mA



rAT741

wAT41 and 4AT4IC
Elecirical Characisristics (Cont) The tollowing speciications spply over ihe rangs of =54°C < T 125°C
lor uA741,0°C < Ta = 70°C tor uA741C ov ol =55°C = Ta =

uA741 »AT41C
Charactesistic Condition Mia_ [Typ {Max [Min |Yyp |Mes [Unit
Input Otiset Voltage 18 my
put Otise 9 Rg < 10 kil 1.0 [eo my
300 {nA
input Otfael Current Ta= +125°C 7.0 200 A
Ty = ~55°C 85 |so0 oA
800 [nA
Input Bias Current Ta= +125°C 03 5 »A
Ta= -55°C 3 15 A
input Voltage Range 2121213 v
Common Mode =
Rejection Ralio Rs =< 10kl 10 %0 a8
Adjustment for laput Offset 3
Voliage AR 218 mv
Supply Voliage Vs = +10, <20, )
Rejoction Ratio - Vs = 420, -10V, Rs = 501 4 150 ks
Ry = 104l 212 [214 v
O Voit S
ulpui Yollage SEing A = 2 ki 210 | 213 =10 [ 213 v
Large Signal Vohsge Gan AL = 2 kil, Vouyr = 2 10V 25k 15k
Suppiechitont ) Ta= +125°C 1.5 |25 mA
{18
£~ Ta= —55°C 20 (39 mA
Power Con N Ta= +125°C 45 75 mw
e sumpli
d’ Ta= -55°C 60 |100 W

Notes 0138
4 Calcuisind value hom BWIMIMZ) » TESIO T OLy

§ ANVCC = 15 Viar LA741 and 4A241C
& Maiwnem aupply Cutrent tor 2l devices
25°C=28mA
125°C = 25 mA
~85°C = 33mA



uAT741

UATA 1A and uAT41E
Electricat Characteristics

Vg = 215V, Ty = 25°C unleas otherwise specilied

uAT41AE
Characterisiic Conditlon Hin Typ Mex Unit
input Otfget Vohage Ag < 50N 0.8 3.0 my
Average Input Oflsel Voltage Drilt 15 uVi1eC
Inpul Offset Current 3.0 30 nA
Average Input Oftset Current Drift 0.5 nAI*C
input Bias Curren! 30 80 nA
¥
Powsr Supply Rejection Ratio A T20:Vs = 420V, 10V, 15 [so fuvev
Output Shont Circuit Current 10 25 40 mA
Power Consumption Vg= +20V 80 180 mw
Input impadanca Vg= 220V 1.0 6.0 M0
Large Signal Vollege Gain z(sau-r :2: 'v5 st =240, s0 200 VimV
Transien! Response Rise Time 0.25 (0.8 us
(Unity Gain) Overshoot 80 20 @
Bandwidth (Nots 4) 437 15 MHz
Slew Rate (Unity Gain) VIN® =10V 0.3 0.7 Vius
The following specilications apply over the range of ~55°C < Ta 5 125°C for the 74 1A,
end 0°C < Ta x5 70°C tor the 741E.
tnput Otfsel Vollage 4.0 my
Input Oltsel Current 70 oA
Input Biss Current 210 nA
Common Mode Rejection Ratio Vg= +20V,Vin= 215V, Rg = 501 {80 o5 [-1:]
Adjustment For Input Oftset Voliage |Vg = =220V 10 mv
Qutput Short Circuil Cutrent 10 40 mA
WAT4IA -55°C 165 mw
Power Consumplion Vg = 220V +125°C 135 mw
pAT4E 150 mwW
Inpul impedence Vg = 220V 0.5 MQ
A R, = 1001 s 18 v
Output Voltege Swing Vg= 220V
AL = 2k} 215 v
4 Vg = $20V, R = 2 kil 32 Vimv
Large Signe! Voilage Gain !90' Wy ’5—v‘ yimy
Ve = 25V, Ry =~ 2%}, 10 Vimv
o _SZ ) -mha\l& Yourm22Y: oo ovog Mo 4L
Holes
035

4 Colcuisied velve om BW(MMz} » Ro i CGy

S ANVeoo ® 1S Vior pATdt and wATaC
6 Masimum supply current tor sl devices
25°C =28 mA
128°C = 28 mA
~83°C =23 mA



uA741

Typical Forlormance Curves for yAT4 1A and uA74%
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nA741

Typlcal Performance Curves for uAT41E and uAT41C (Cont.)
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AAT41

Typical Pestormance Curves 1or yAT4 1A, LAT4 1, LAT41E snd uA741C (Cont )
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uA741

Typlcal Pertformence Cutves for p]A741A snd sA74 1 (Cont )
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National "
Semiconductor
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microCMOS

. MM54HC00/MM74HCO00 Quad 2-input NAND Gate

General Description

These NAND galtes utiize microCMOS Technology, 3.5 mi-
cron silicon gate P-well CMOS, to achieve operating speeds
similar 10 LS-TTL gates with the low power consumption of
standarc CMOS integrated circuits All gates have butfered
outputs. All devices have high noise immunity and the ability
to drive 10 LS-TTL loads. The S4HC/74HC logic family is
functionally as well as pin-out compatible with the standard
541.8/74LS logic family. All inputs are protected from dam-
age due 10 static discharge by internal diode clamps to Veo
and ground.

Features

1 Typical propagation delay: 8 ns

B Wide power supply range: 2-6V

8 Low quiescent current: 20 uA maximum (74HC series)
® Low input curent: 1 pA maximum

& Fanout of 10 LS-TTL loads

Connection Diagram

Dual-In-Line Package

Ve B4 AL YA B3 A3 Y3
Iu 13 bz qn 10 9 ]
L_D =
[ e
1 2 3 4 5 6 I7
Al 81 YI A2 B2 Y2 GND
TOP VIEW !
MM54HCO0/MM74HC00
54HC00(J)  74HCO0 (JN)

Logic Diagran;

i D e

TL/F/8292-2



Absolute Maximum Ratings moes 122 Operating Conditions . .
Supply Voltage (Vo) ~0.510 +7.0v Min hax Units

DC fnput Voltage (Vin) -1510 Ve + 1.5V Supply Vottage(Vee) 2 ' s v
DC Output Vohage (Vout) -0.5to Voo + 0.5V DC tnput or Output Voitage 0 Veo A
Clamp Diode Current (i, lox) 120 mA VinVour)
DC Output Current, per pin lloyr) 125mA Operating Temperature Range(Ta)
DC Ve or GND Current, per pin {icc) 150 mA MM74HC - 40 + 85 ‘C
Storage Temperature Range (Tstg) -65Cto +150°C MMS54HC -55 +125 °‘C
Power Dissipation (Pp) (Note 3) 500 mwW Input Rise or Fall Times
Lead Temperature (T} {Soldering 10 seconds) 260°C .t  Vec=2v 1000 ns
Ve =4.5V 500 ns
Ve = 6.0V 400 ns
DC Electrical Characteristics ot 4
) 74HC 54HC
Ta=25C H
Ta=— . = -
Symbol Parameter Conditions Yee A 401085°C | Ta $Sto125°C Units
Typ Guaranteed Limits
ViH Minimum High Level 2.0v 15 1.5 1.5 v
Input Voitage 4.5V 3.15 315 3.15 v
- 6.0V 42 42 4.2 v
viL Maximum Low Level 2.0V 0.3 0.3 0.3 v
Input Voltage N 4.5V 0.9 0.9 0.9 v
o 6.0V 12 1.2 1.2 v
Voy Minimum High Level | Viy= VinorVy, Y
Output Voltage lloyrl <20 pA 20v| 20 [ 19 1.9 1.9 v
- 1 45V | 45 | 44 4.4 4.4 v
6OV | 60 | 59 5.9 5.9 v
Vin= Vi or Vi
lloytl<4.0 mA 45V | 42 | 398 3.84 3.7 \/
louT!<5.2 mA 6.0V | 57 | 548 §.34 5.2 v
Voo Maximum Low Level | Vin=Vy
Output Voltage lloutl$ 20 pA 20v| 0 0.1 0.1 0.1 v
45V | 0 0.1 0.1 0.1 v
60V | 0 0.1 01 0.1 ‘2,
B ViN= Vi
lourl<4.0 mA 45v | 02 | 026 0.33 0.4 v
lloytl<5.2 mA 60V | 02 | 026 0.33 0.4 L
™ Maximum Input VIN=VocorGND | 60V | £0.1 =10 . =1.0 pA
Current Y
lec Maximum Quiescent | Viy=Vcgor GND | 6.0V 20 _ 20 40 BA
Supply Current lour=0 pA

Note 1: MeWMMu.MnWWMMwthmyW.
Note 2 Mmmlnmmuvomﬂmmgm.

Note X Power Dingipation temperaturs oeratng — plasdbc "N” packsgs: - 12 mMW/'C from 65°C to 85°C. ceramic “J” packaga. -12 mw/rC from
100°C to 125°C.
Nots & For 8 powse susxty of SV :10'Lvnmlwoamnvom9os(vo,‘.mvoum'orrdcmA.SV,TMei'l.SVﬂL.aroxbewa
desgning with thes supply Wuumov"wv“_mxnvc(;-s,wwA.SVrnoocvva.(mvnvli-a 215.5V 8 3.85V.) The wors™ Case i82xe0e Current (ig,.
icg. and i) occur for CMOS a2 the higher voitage and so the 6.0V values should be used. '

B4



AC Electrical Characteristics .
Vo =5V, TA=25'C, C_ =15 pF, t,=t;=6 ns

-

Symbot Parameter Conditions | Typ Gua:;:;eed Units
tomL tPLH Maximum Propagation 8 15 ns
Detay
AC Electrical Characteristics )
Ve =2.0V 1o 6.0V, C =50 pF, t,=4=6 ns {unless otherwise specified)
74HC 54HC
Ta=25'C . _ .
Sy P o Condttions | Vec Ta=—40t085'C | Ty 55to 125°C Units
Typ Guaranteed Limits
tomi. oy | Maxdmum Propagation 2.0V 45 80 113 134 ns
Detay 4,5 9 18 23 27 ns
6.0V 8 15 19 23 ns
tieme ITHL Ma.xir_'num Output Rise 2.0V 30 75 95 110 ns
and Fall Time 4.5V 8 15 19 22 ns
6.0V 7 13 16 1S ns
Cep Power Dissipation (per gate) 20 pF
Capacitance (Note 5)
CiN Maximum input 5 10 10 10 pF
Capacitance

Note &%amwmwmmmmn%-

's=Cep Ve I+
Note 6: Refer to back of this section for Typical MMS4/74HC AC Switching Waveforms and Test Circuits.

Cpp Vee? t+icc Vec, and the nc load dynamic current consumption,



National
Semiconductor

microCMOS

MM54HC04/MM74HC04 Hex Inverter

General Description

These Inverters utilize microCMOS Technology, 3.5 micron
silicon gate P-welt CMOS, to achieve operating speeds simi-
lar to LS-TTL gates with the low power consumption of stan-
dard CMOS integrated circuits.

The MMS54HC04/MM74HCO4 is a triple buffered inverter. it
has high noise immunity and the ability to drive 10 LS-TTL
loads. The 54HC/74HC logic family is functionally as wel! as
pin-out compatidle with the standard 54LS/74LS logic fami-
ly. All inputs are protected from damage due to static dis-
charge by intemal diode clamps to Ve and ground.

Features

® Typical propagation delay: 8 ns

B Fan out of 10 LS-TTL loads

® Quiescent power consumption: 10 uW maximum et
r00m temperature

m Typical input current: 10°5 pA

Connection Diagram

Dual-in-Line Package

vee AS e AS Ys A4 Ye
|u' Ju 12 Iu 10 3 s
Ix l: la Io Is Io lr
a1 Y1 A2 Y2 Al n GND
TL/F/5060-1
TOP VIEW
MMS4HCO4/MM74HCO4 «
X 54HCO4 (J)  74HCO4 (IN)
Logic Diagram

T IFI5065-2

1 of 6 Inverters



Absolute Maximum Ratings (Notes 1 &

2 Operating Conditions
Supply Voltage (Voo) -0.510 +7.0V Min Max Units
DC input Voitage (Vi) ~15to Ve +1.5V Suppty Vottage(Vee) 2 6 v
DC Output Voltage (VouT) —0.5 0 Vg + 0.5V DC Input or Output Voltage 0 Vee v
Ciamp Diode Current (i, lox) 220 mA (Vin.Vour)
DC Output Current, per pin (lout) +25mA Operating Temperature Range(Ta)
DC Vg or GND Current, per pin (icc) 50 mA MM74HC -40 +85 *C
Storage Temperature Range (Tsta) —65°Cto +150°C MMS4HC —55 +125 °C
power Dissipation (Pp) (Note 3) 500 mwW Input Rise or Fall Times
Lead Temperature (T ) (Soldering 10 seconds) 260°C .ty Vec=20V 1000 ns
Vec=4.5V 500 ns
Vog=6.0V 400 ns
DC Electrical Characteristics (ote 4)
T4HC 54HC
Ta=25C . - .
symbol Parameter Conditlons | Vec Ta=—40t085°C | Ta= —5S10125°C | ),
Typ Guaranteed Limits
Vin Minimum High Level 2.0V 1.5 1.5 1.5 v
Input Vottage 4.5V 315 3.15 315 v
6.0V 4.2 42 4.2 v
Vi Maximum Low Level 2.0V 0.3 0.3 0.3 v
) input Voltage 4.5V 0.9 0.9 0.8 v
6.0V 1.2 1.2 1.2 v
Vor Minimum High Level | Vin=ViL
Output Voltag lloutls20 pA 20V | 20 | 19 1.8 1.9 \Y
¢ a5V | 45 | 44 44 44 v
60vV']1760 | 59 5.9 5.9 v
¢ ViN=ViL
Noyr!<4.0 mA 45V | 42 | 3.98 3.84 3.7 v
. lloyris5.2mA | 6.0V | 57 | 548 5.34 5.2 v
You Maximum Low Level | Vin=Viy
Output Vohage louris20 pA 20v| o 0.1 0.1 0.4 v
45V i 0 0.1 04 0.1 v
6OV | © 0.1 0.1 041 v
ViN=ViH
lloyti<4.0 mA 45V | 0.2 | 0.26 0.33 04 V.
llouti<5.2 mA 6.0V | 0.2 | 0.26 0.33 0.4 v
N Maximum input Vin=Voc or GND | 6.0V 201 | 1.0 £1.0 BA
Current
icc Maximum Quiescent | Vin=Veg of GND | 8.0V 2.0 20 40 pA
Suppty Current loyt=0 uA

Note 1: Absolute Wmmmmnwwwmammmmmym.

Note 2 Unless othe~wise specified 8l voliages are referenced to ground.

Note X Power Dissioation tamperatre ceratng — plastic “N* package: —12 mw/°C from

100°C 10 125°C.

65°C to 85°C; ceramic "J" package: —12 mW/°C trom

Note & For 8 power supply of 5V :vosmmmo\wvomw(vmmvo‘_)mforchd.sv.Thaml_'»Vvakns-houﬂbomedmm
e-umngwmuisuwy.wwasov.,wv’._oeumvcc-s‘svmAsvwocﬁmy.(rmv,,.nmu5.5vn3.asv.)mwors~.memupowm.
‘ce. and loz) occur for CMOS 8t the higher voltage and 80 the 8.0V valuss shoukd be used. !




AC Electrical Characteristics
Voo =5V, To=25C, C =15pF, tt=4y=6ns

' Symbol Parameter Conditions | TYyp Gua;r:;nd Units
terL. tp4 | Maximum Propagation 8 15 ns
Delay
AC Electrical Characteristics
Ve =2.0V 10 6.0V, C_ = S0 pF, == 6 ns {unless otherwise specified)
74HC S4HC
Ta=25C
Symbol Patameter itions | Vec Ta=-40t085C | Ta= —55to 125'C Unig
Typ Guaranteed Limits
oyt tin | Maximum Propagation s 20V 55 95 120 145 ns
Delay 4.5V 1 19 24 29 ns -
6.0V 9 16 20 24 ng
trum. tHL | Maximum Output Rise 20v | 30 | 75 95 110 ns
) and Falil Time 4.5V 8 15 19 22 ns
6.0V 7 13 16 19 ns
Cep Power Dissipation (per gate) 20 pF
Capacitance (Note 5)
CiN Maximum [nput 5 10 10 10 pF .
Capacitance ' .

Note & Cop Osterrines the no load dynamic power consumpbon, Pp=Cpg Vee? 1+ice Ve, and the no ioad dynamic current consumption,
is=Cop Vec t+1ce.

Note & Reler to back of this section for Typical MM54:74H

C AC-Switching Wavelorms ang Test Circuits.



National
Semicqnductor

microCMOS

MM54HC32/MM74HC32 Quad 2-Input OR Gate

General Description

These OR gates utilize microCMOS Technology, 3.5 micron
siicon gate P-well CMOS, to achieve operating speeds simi-
lar to LS-TTL gates with the low power consumption of stan-
dard CMOS integrated circuits. All gates have butfered out-
puts, providing high noise immunity and the ability to drive
10 LS-TTL loads. The 54HC/74C logic tamily is functional-
ly as well as pin-out compatible with the standard 54LS/
74LS logic tamnily. All inputs are protected from damage due
to static discharge by internal diode clamps to Voo and
ground.

Features

= Typical propagation delay: 10 ns

B Wide power supply range: 2-6V

B Low quiescent current”20 pA maximum (74HC sen"es)
® Low input current: 1 wA maximum

B Fanout of 10 LS-TTL loads

Connection Diagram

Dual-in-Une Package

Ve B4 AC Y4 B3 A Y3
iu 13 |12 ] 10 [e Is
1 Iz I: 4 ]s lc ]1
: Al BT 1 A2 B2 Y2 GND
TOP VIEW TUF/5132-1
MS4HC32/MM74HC32
54HC32(J)  74HC32 (J,N)
Logic Diagram
A
Y
Y=A+B
8

TL/F/5132~2



Absolute Maximum Ratings (Notes 1 & 2)

Operating Conditions

Supply Votiage (Vo) ~0510 + 7.0V Min Max Units
oC input Voltage (Vin) -1.5t0 Vg~ 1.5V Supply Voltage(Vee) 2 6 v
OC Output Vottage (VouT) ~0.510 Ve~ 0.5V DC Input or Output Voltage 0 Vee v
Ziamp Diode Current (i, lox) =20mA o ‘V'N;YOl{rT) e Range(T A
o . _ perating Temperature Range(Ta
o7 Output Current, per pin ('Ot.n') =25mA MM74HC Z a0 +85 <
OC Ve or GND Current, per pin (ioc) 250 mA MM54HC -85 +125 C
Storage Temperature Range (TsTg) ~-65'Cto -~ 150°C Input Rise or Fall Times
Power Dissipation (Pp) (Note 3) 500 mwW {t. 1) Veg=2.0V 1000 ns
1 ead Temperature (T, ) (Soldering 10 seconds) 260°C Vec=4.5V 500 ns
Vee= 6.0V 400 ns
DC Electrical Characteristics (note 4
T 74HC 54HC
Ta=25C : o .
symbol Parameter Conditions | Vee TA= -40t085°C | Ta= ~5510125°C |\ ¢
Typ Guaranteed Limits
Mirumum High Level 2.0V 15 15 1.5 v
Input Voltage 4.5V 3.15 3.15 3.15 Vv
6.0V a2 4.2 4.2 v
v, Maximum Low Level 2.0V 03 0.3 0.3 v
Input Voltage 4.5V 0.9 0.9 0.9 v
6.0V 1.2 12 1.2 v
Vo Miumum High Level | Vin= Vi Of Vi,
Output Votage lout' =20 A 20v | 20| 19 1.9 1.9 v
45V | 45 | 4.4 4.4 4.4 v
60V | 60 | 5.9 5.9 5.9 v
V|N== VIH or V|L
lloyti< 4.0 mA 45V | 47 | 3.98 3.84 3.7 v
lioyri< 5.2 mA 6.0V | 52 | 548 5.34 5.2 v
ey Maxmum Low Level | Vin=V).
Output Voltage lloyTi= 20 pA 20v{ o0 0.1 0.1 0.1 v
asv| o 0.1 0.1 0.1 v
6oV | © 0.1 0.1 0.1 v
Vin= Vi
llouT! 4.0 mA 45v [ 02 | 0.26 0.33 0.4 v
louti<5.2 mA 6.0V | 02 | 0.26 0.33 0.4 v
by Maxmum tnput Vin=Vccof GND | 6.0V +0.1 +1.0 1.0 uA
Current
2z Masimum Quiescent | Viy=Vecor GNO. | 6.0V 2.0 20 40 A
Supply Current loyt=0 pA

Note 1. ADsolste ManuT Q2GS are those values beyond wheh camage 10 the device may occur

hste 2 Uniess oe-wise soechec ol voitages are reteenced 10 g-ound

hote 3 Powe Dwsoanos temoeralture deratng — plaste “N' package: —12 MW/'C from 65°C 1o 85 C ceramnc “J” package —12 MW/ C from

*¥Cto 128°C

Note & For a powe” :pOly of SV = 10% the wors! case outpw: vonages (Vom. and Vo) occur for HC at 4 5V Thus the 4.5V vaiues shoulc be used whan
F5Qung wit™ s SO0y WOrS! Ca%e V), NG Vi 0ctur 3t Vee = £ SV ana 4 5V respecively (The V. vaius at 5 5V s 3.85V.) The worst case leakage current (L,
11 anc lgz) oo tor CVOS at the fagher voltage and 50 the € OV values should be used.



AC Electrical Characteristics

Voc=5V, Ta=25"C, C_ =15 pF, {, =t =6 ns (Note 6)
9

Symbol Parameter Conditions | Typ Gua:':'tt:ed Units
oML, tPUH Maximum Propagation 10 18 ns
Delay
AC Eiectrical Characteristics
Voo =2.0V 10 6.0V, C_ =50 pF, t, =4 =6 ns (uniess otherwise specified) (Note 6)
74HC 54HC
Ta=25'C .
Symbol Pararneter Conditions | Vec Ta 401085°C | Ta= —55t0125°C
Typ Guaranteed Limits
teHL. toLH | Maximum Propagation 20V | 30 | 100 125 150
Delay 4.5V 12 20 25 30
6.0V 9 17 21 25
tTim. tHL | Maximum Output Rise 2.0V 30 75 N 95 110
and Fall Time 4.5V 8 15 19 22
6.0V 7 13 16 19
Cep Powsr Dissipation (per gate) 50
Capacitance (Note 5)
Cin Maximum input 5 10 10 10
Capacitance
Note & Cog determmnes the no load dymamc powsr consumpdon, Pp=Csp Veg? f=lec Vee. -noime no load dynamwc current consfmpﬁm
1s = Cop Ve 1+ icc.

Note & Reler 10 back of this section for Tyocal MMS54 T4HC AC Switching Wavelorms and Test Circuits
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Semiconductor

Voltage Comparators

LM139/239/ 339, LM139A/239A/339A, LM2901,LM3302
Low Power Low Offset Voitage Quad Comparators

Genera! Déscription

The LM139 series consists of four independent
precedn voltage comparators with an offset volt-
sov specification as low as 2 mV max for all four
conparators. These were designed specifically to
ooerate from a single power supply over a wide
ronge ©f voltages. Operation from split power
wppbes 15 also possible and the low power supply
curre~t drain is independent of the magnitude of
e powe: supply voltage. These comparators also
nave 3 unique characteristic in that the input
common-mode voltage range includes ground,
even though operated from a single power supply
voltage

Apphication areas include limit comparators, simple
snsiog 0 digital converters; pulse, squarewave and
tme 0~y generators; wide range VCO: MOS clock
pewey multivibrators and high voltage digital iogic
s The LM139 series was designed to directly
intettace with TTL and CMOS. When operated
from Both plus and minus power supplies, they
wil directly interface with MOS logic— where the
lon powet drain of the LM339 is a distinct advan-
tage Over standard comparators.

Kdvantages

® Hh precision comparators -
® Reduced Vg drift over temperature

® Eliminates need for dual supplies

» Allows sensing near gnd

8 Compatible with all forms ot logic

8 Power drain suitable for battery operation

Features

® Wide single supply voltage range or dual sup-
plies
LM139 series, 2Vpcto 36 Vpgor
LM139A series, LM2901 =1 Vpgto 218 Vpe
LM3302 2vpcio 28 Vpe
or21Vpcte 214 Vpe
® Very low supply current drain (0.8 mA) —
independent of supply voltage {2 mW/compara-
tor at +5 Voe)

® Low input biasing current 25 nA
& Low input offset current *5nA
and offset voltage 3 mVv

Input common-mode voltage range includes gnd
8 Differential Input voltage range equal to the

power supply voltage
] proutpu(

saturation voltage

250 mV at 4 mA

8 Output vollage compatible with TTL, DTL,
ECL, MOS and CMOS logic systems

‘VEEENT/VEETINTIVEELINT

Schematic and Connection Diagrams

SutruT

Base: Comparstor

Driving CMOS

Dusi-in-Lina and Flat Package.
ouTPul 3 WIrNle o0 wryte EWYIs WY WPV )

> |
- S
A A

TgrvaS_

Order Number LM139J, LM139AJ,
LM239J, LM239AJ, LM338Y,
LM339AS, LM2901J or LM3302J
See NS Package J14A

Order Number LM3ISN, LM3ISAN,
LM2901N or LM3302N
Seu NS Package N14A
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LM139A/LM239A/LM339A, LM2901,LM3302

LM139/LM239/LM339,

Typical Performance Characteristics LM139/LM239/LM339,‘LM139A/ﬁLM239A/LM339{: ==
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f
w;cation Hints

~ LM139 series are high gain, wide bandwidth
which, like most comparators, can easily
':‘.,,, i the output fead is inadvertently allowed
- eosactrvely couple to the inputs via stray
rence This shows up only during the output
gamage 1RABILION intervals as the comparator chan-
o~ wn power supply bypassing is not required
o avve s problem. Standard PC board layout
abeplul 1 1 reduces stray input-output coupling.
mmasng the input resistors to < 10 kQ reduces
pa tosgoach signal levels and finally, adding even
¢ ymot gmount {1 10 10 mV) of positive feedback
awein) causes such a rapid transition that
«-tstinns due to stray feedback are not possible,
sy tocketing the IC and attaching resistors to
= v will cause input-output oscillations during
- omail transiion intervals unless hysteresis is
e 11 the input signal is 2 pulse waveform, with
ety fast nise and fall times, hysteresis is not

gt £

A pm of any unused comparators should be
o mind

s bt network of the LM 139 series establishes a
#+- cuttent which is independent of the magni-
w» o the power supply voltage over the range
o bom 2 Ve to 30 Vpe.

t & tsudlly unnecessary to use 2 bypass capacitor
weom the power supply line.

lypical Applications (v* = 15 vec)
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t O—AAA
ot 3w o o M
v e
- ._r- =
EB
AND Gate

One-Shot Multivibrator

The differential input voltage may be larger than
vt without damaging the device. Protection shoutd
be provided to prevent the input voltages from
going negative more than -0.3 Ve (at25°C). An
input clamp diode can be used as shown in the-
applications section.

The output of the LM 139 series is the uncommitted
collector of a grounded-emitter NPN output tran-
sistor. Many collectors can be tied together to
provide an output OR‘ing function. An output
pull-up resistor can be connected to any available
power supply voltage within the permitted supply
voltage range and there is no restrictioh on this
voltage due to the magnitude of the voltage which
is applied to the v* terminal of the LM139A
package. The output can also be used as a simple
SPST switch to ground {when a pull-up resistor is
not used). The amount of current which the
output device can sink is limited by the drive
available {which is independent of V*) and the 8
of this device. When the maximum current limit
is reached (approximately 16 mA), the output
transistor will come out of saturation and the
output voltage will rise very rapidly. The output
saturation voltage is limited by the approximately
60$2 ry,, Of the output transistor. The low offset
voltage of the output transistor (1 mV) allows
the output to clamp essentially to ground level
for small load currents.

“the

L AAA G ~AAA
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& O—AAA—
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OR Gate

Bi-Stable Multivibeator
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LM139/LM239/LM339,

,LM3302

4

LM2901

LM139A/LIMI239A/LM339A,

Typical Applications (Continueq) (v* =15 Vpe)
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LM139A/LM239A/LM339A, LM2901, LM3302

LM139/LM239/LM339,

g "E ,,._ |

Low Frequency Op Amp Low Frequency Op Amp

(Vg = OV for Vi = OV)
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gppiications (Continued) {(V*=5Vpc)

Non-Inverting Comparator with Hysteresis

Comparing Input Voltages
ot Opposite Polarity
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tnverting Comparstor with Hystecesis
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Two-Decade High-Frequency VCO
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Output Strodbing
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