HOCHSCHULE FUR Prof. Schénherr
TECHNIK UND WIRTSCHAFT
I_|_I _/ Fakultdt Elektrotechnik Studiengang E121, E124

UNIVERSITY OF APPLIED SCIENCES

Praktikumsversuch 7:
,Digitale Schaltungstechnik”
im Modul , Elektronik 2

1 Vorbereitung

Die Aufgaben zur Versuchsvorbereitung sind von jedem Studierendem selbst als Hausaufgaben
schriftlich auszufiihren und dem gemeinsamen Protokoll der Versuchsgruppe beizufiigen. Sie werden
in die Bewertung des Versuches einbezogen. Ebenso zur Vorbereitung des Praktikums gehort, sich Gber
alle Versuchsaufgaben zu informieren und diese, soweit das moglich ist, theoretisch vorzubereiten
(Diagramme, Tabellen, Literatur). Jede Praktikumsgruppe fertigt ein Protokoll an, welches innerhalb
von 2 Wochen abzugeben ist (spatestens zu Semesterende).

Aufgabe 1.1

Geben Sie zur abgebildeten Schaltung den Signalverlauf fiir den angegebenen Signalverlauf an den
Eingdangen an!
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Aufgabe 1.2

Angenommen, fiir eine Schaltung wird ein D-Flip-Flop mit high-aktivem Set-Eingang (Preset, PRE)
benétigt. Zur Verfligung stehen aber lediglich D-Flip-Flop mit high-aktivem Reset-Eingang (Clear, CLR).

Weisen Sie anhand der gegebenen Abfolge nach, dass die Ersatzschaltung sich genauso verhalt, wie
ein D-Flip-Flop mit Set-Eingang!

D-Flip-Flop mit Set-Eingang Ersatzschaltung fur D-Flip-Flop mit Set-Eingang
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Aufgabe 1.3

Fir Anzeigen haben sich in einigen Bereichen LED-Zeilen etabliert, bei denen die Anzahl der
leuchtenden LEDs dem anzuzeigenden Wert entspricht, z. B. Lautstarkeanzeigen in Audio-Anlagen oder
die untere Zeile in der Anzeige der Multimeter vom Typ Fluke 29/73/79/87 (Praktikum Analoge
Schaltungstechnik). Diese Kodierung wird Thermometercode genannt. In der Aufgabe 3.2 soll eine
Schaltung aufgebaut werden, mit der die Binar-Werte fiir 0...3 (2 Bit) mit 3 LEDs als Thermometercode
visualisiert werden sollen.

Erstellen Sie eine Wertetabelle des erwarteten Verhaltens (d. h. Kodierung Binar-nach-
Thermometercode) der Schaltung anhand der booleschen Formeln!

Zahl X1 Xo V2 V1 Yo
0

1
2
3

Erstellen Sie zu Aufgabe 3.2 (Thermometercode) einen Schaltplan! Verwenden Sie ausschlieBlich die
auf dem Board zur Verfligung stehenden Gatter!
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Aufgabe 1.4

Stellen Sie die Wertetabelle fiir die angegebene Schaltung aus Aufgabe 3.3 (Hazards) auf!

M

21, b b

X 1 1p— 1b Y
j

X ) yi y2

0

1

Skizzieren Sie den Werteverlauf am Ausgang fir ein periodisches Signal am Eingang!

a) Ideale Gatter ohne Verzégerungszeiten
b) Reale Gatter mit Verzogerungszeiten (alle Gatter haben gleiche Verzogerungszeiten)

a) b)
X ] X ]
Y1 Y4
Y2 Y2
t t

Aufgabe 1.5

Zeichnen Sie zu jeder Schaltung, die im Praktikum aufgebaut wird (Abschnitte 2-4), ein
Verdrahtungsschema (Vorlage S. 15)!

e Esistsinnvoll, die Verdrahtung mehrfarbig zu zeichnen.

e Die Verdrahtung kann Luftlinie tiber die ICs gezeichnet werden.

e Das Verdrahtungsschema fir die jeweilige Schaltung kann auf den bendtigten Ausschnitt der
Vorlage beschrankt werden. Dadurch kann der Ausschnitt vergréRert dargestellt werden.

Alternativ zum Verdrahtungsplan kdnnen Sie auch in jedem Schaltplan an jeden Gatterein-
und -ausgang die Nummer des entsprechenden Schaltkreispins notieren.
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2 Elektrische Eigenschaften von CMOS-Invertern
Die Messungen werden an einem Schaltkreis 74HC04 mit je 6 Invertern (Upp = 5V) vorgenommen.

Aufgabe 2.1 Statisches Verhalten

a)

b)

c)

d)

Nehmen Sie die Spannungs-Ubertragungs-Kennlinie (SUK) eines unbelasteten CMOS-Gatters
auf und stellen Sie diese in einem Diagramm dar! Nutzen Sie das Potentiometer ,G-“ auf dem
Board!

Messen Sie die Stromaufnahme Ipp des ICs 74HC04 in Abhdngigkeit von Ui, (Messgerét in
Betriebsspannungszufuhr von IC1) und stellen Sie diese in einem Diagramm dar! Verbinden Sie
dazu alle Inverter-Eingange miteinander!

Bestimmen Sie Rpson des p-Kanal-MOSFET am Inverter-Ausgang! Belasten Sie dazu den
Ausgang bei Uin=0V durch eine Widerstandsdekade so, dass die Ausgangsspannung um ca.
0,2 V abfallt.

Bestimmen Sie aus den Messwerten die statischen Stérspannungsabstande Sy und S, !

Aufgabe 2.2 Dynamisches Verhalten

a)

b)

d)

Bestimmen Sie die Anstiegs- und Abfallzeit eines CMOS-Inverters des 74HC04 (unbelasteter
Ausgang)
Hinweis zur Messung: Oszilloskop auf 1V/div einstellen und mit Cursor Zeiten bestimmen
Bestimmen Sie die Anstiegszeit eines CMOS-Inverters des 74HC04

(1) Ausgang mit Fan-out =5 (Eingdnge der anderen 5 Inverter des 74HC04)

(2) Ausgang mit Fan-out=13 (Eingdnge der anderen 5 Inverter des 74HC04 und 8

Eingange des 74HC02)!

Stellen Sie die Werte in einem Diagramm dar (Anstiegszeit als Funktion des Fan-Outs)!
Bestimmen Sie die Anstiegszeit eines CMOS-Inverters des 74HC04 bei einer Belastung durch
eine Kapazitat 68 pF!
Wie grol ist in etwa in Kapazitat eines Gattereingangs des 74HC04/74HC02 (Abschitzung auf
Basis der Ergebnisse von a) und b))? Vergleichen Sie den Wert mit den Angaben im Datenblatt!
Schalten Sie 6 Inverter (74HCO04) in Reihe und ermitteln Sie mit Hilfe des Oszilloskops die
mittleren Gatterlaufzeiten pro Gatter!

Hinweis zur Durchfiihrung: Nutzen Sie die Moglichkeiten der Triggerung des Oszilloskops auf die

steige

nde oder fallende Flanke zur Visualisierung beider Flanken! Verwenden Sie DC-Kopplung!

Kanal 2 Zwei-

Kanal-
1p— 1P/ 1p— 1p— 1p— 1p— Oszil-
Kanal 1 |OSkOp

100 kHz

G
i B

Taktgenerator

Gatterverzogerungszeit (Inverter) t,4 =
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Aufgabe 2.3 Verlustleistung

Bestimmen Sie die mittlere Stromaufnahme und die mittlere Verlustleistung des Schaltkreises 74HC04
(Funktion: 6 Inverter in Reihe) in Abhangigkeit von der Schaltfrequenz (fgen = 1 kHz, 10 kHz und 100
kHz)! (Darstellung in Diagramm)

Hinweis zur Durchfiihrung: Messgerat in Betriebsspannungszufiihrung von IC1.
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3 Kombinatorische Schaltungen
Alle Messgerate sind vom Board zu entfernen.

Aufgabe 3.1 Zahlenschloss (kombinatorisch)

Bauen Sie die folgende Schaltung eines einfachen Zahlenschlosses auf! Die Eingdange sind mit der
Zifferneingabe rechts zu verbinden, der Ausgang mit der LED_g1.

Realisieren Sie das AND-Gatter (4 Eingdnge, AND4) durch Kaskadierung aus AND-Gattern mit 2
Eingangen (AND2)!

ZR8 — &

ZR4 — 1 b—

I LED_g1

ZR2 — 1 b—

ZR1

Fir welche Eingabe 6ffnet sich das Schloss (= 1 am Ausgang)?

Andern Sie die Schaltung, so dass sich das Schloss bei einer selbst-gewahlten Zahl 6ffnet! (Zahl und

Schaltung im Protokoll)
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Aufgabe 3.2 Thermometer-Code

Bauen Sie eine Schaltung entsprechend der gegebenen Booleschen Formeln bzw. der Schaltung gemaf
Aufgabe 1.3 auf und bestimmen Sie ihr Verhalten in Form einer Wertetabelle!

Die Eingdnge x; sind mit der Zifferneingabe rechts zu verbinden (xo = ZR1, x1 = ZR2), die Ausgange mit
den LEDs (yo=LED_g4, y1=LED_g3, y,=LED_g2).

Verwenden Sie Schaltkreise 74HC08 (4AND2), 74HC02 (4NOR2) und 74HCO04 (6INV) und realisieren Sie
die ODER-Verknipfung durch NOR-Gatter und Inverter!

LED_g4:yq = x1 V X
LED_g3:y; = x4
LED_g2: y, = x1 A xg

Hinweis zum Aufbau: Priifen Sie vor Beginn des Aufbaus, dass die Verbindungen aller ICs zu Masse und
Betriebsspannung vorhanden sind!

Zahl X1 Xo V2 V1 Yo
0

1
2
3
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Aufgabe 3.3 Hazards

Bauen Sie die folgende Schaltung auf!

M

21, b b

Bestimmen Sie das statische Verhalten der Schaltung! (Eingang x mit LH1 und Ausgdnge mit LEDs
verbinden)

X Y1 Y2
0
1

Bestimmen Sie das dynamische Verhalten der Schaltung bei Flanken an x! Stellen Sie dazu das
Eingangs- und Ausgangssignal am Oszilloskop dar! Skizzieren Sie den Werteverlauf einschliellich
Beschriftung der t-Achse! Der Eingang x ist mit dem Generator (100 kHz) zu verbinden.

5y ————-!
X 28V ————f X
|
ov e |
I I
5V ————— - === == 5 ————- - ===
y 4y T i ——————————————————— y 4y —TT- i ———————————————————
LEETVAS—— e LRV o
oy ————- e ——— oV ————- e ————
' t ' t
0 0
t

Stand: 13.11.2019 11:56:00 S. 8



Praktikum , Digitale Schaltungstechnik” — Prof. Schénherr, HTW Dresden

4 Sequenzielle Schaltungen
Allgemeine Hinweise fiir Flip-Flops:

o Der Reset-Eingang R des verwendeten ICs 74HC175 wird im Datenblatt mit CLR bezeichnet und
ist low-aktiv. Daher ist der Schaltungs-Eingang rst_n auch low-aktiv.

e Die Flip-Flops besitzen einen Ausgang /Q. Dieser entspricht der Negation des Ausgangs Q und
kann genutzt werden, um Verdrahtungsaufwand zu sparen, wenn der Ausgang Q in der
Schaltung lber einen Inverter negiert wird.

Aufgabe 4.1 Schieberegister

a) Bauen Sie das folgende Schieberegister auf! Protokollieren Sie das Verhalten im Diagramm!

Hinweis zur Durchfiihrung: Verbinden Sie zuerst die Takt- und Reset-Leitung und die LEDs mit den Flip-
Flops! Nutzen Sie die Flip-Flops im 74HC175 entsprechend der angegebenen Nummern in den Kreisen!

FF1 FF2 FF3
LH1s, — D 2 a D& a D5 al
>C R >C R >C R
Tclk T T T
LH8 rst_n
LED_g1|po LED_g2| p; LED_g3|p,

Beschreiben Sie das Verhalten am Ausgang p; beziiglich des Eingangs sin!

Beschreiben Sie den Wert am Ausgangsvektor p = (p2, p1, o) beziiglich des Eingangs si, verbal!
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b) Bauen Sie das folgende Schieberegister auf! Protokollieren Sie das Verhalten im Diagramm!

Hinweis: Verbinden Sie zuerst die Takt- und Reset-Leitung und die LEDs mit den Flip-Flops! Nutzen Sie
die Flip-Flops im 74HC175 und Multiplexer im 74HC157 entsprechend der angegebenen Nummern in
den Kreisen! Beachten Sie den Anschluss G des Multiplexer-ICs, welcher mit L verbunden werden
muss!

LH1 po LH2 p, LH3 p,
s _ | | |
load/shift ‘ I
D D D
@ @ @
0 D©QQ D®QQ D »a =
_ 0 _ 1 _
r >C R |LED gf r>c R [LED g2 r>c R| LED_g3
T clk | |
LH8 rst n
clk
rst.n _| | | i i i i i
load/shift
S L0 S ——
S R lo I oo | L I
Q
Q i
Sout [ R j L L
: ‘ ‘ ‘ ‘ ‘ t

Beschreiben Sie den Wert am Ausgang sout bezliglich des Eingangsvektor p = (p2, p1, po) verbal!
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Aufgabe 4.2 Ampel
Bauen Sie die folgende Schaltung einer Ampel auf! Nutzen Sie ggf. anstelle der Inverter die negierten

Ausgange (/Q) der Flip-Flops! Protokollieren Sie das Verhalten (Ausgabe/Zustand und Folgezustand)
im Diagramm!

=1 r r LED_r1

9]

C]

pull

y LED_y1

Q g LED g1

8]

®

[
V oV olV o
x|©

T clk
LH8 rst_n

|l

S R A P Syt Y S
B et e R e e =

Q <
| |
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Aufgabe 4.3 Zdhler

Bauen Sie die folgende Schaltung auf! Protokollieren Sie das Verhalten am Vektor b = (b, bi, bg) im
Diagramm! (b als Dezimalzahl)

Hinweise:

e Verbinden Sie zuerst die Takt- und Reset-Leitung und die LEDs und 7-Segment-Anzeigen mit
den Flip-Flops! Nutzen Sie die Flip-Flops im 74HC175 und Multiplexer im 74HC157
entsprechend der angegebenen Nummern in den Kreisen!

e Beachten Sie den Anschluss G des Multiplexer-ICs, welcher mit L verbunden werden muss!

e Nach erfolgreichem Funktionstest kann der Eingang clk mit dem Taktgenerator (0,1 Hz)
verbunden werden.

LH5 en ‘
o) b
0, by’ o LED g1
© 0
1150 1 D.Q 7s_I1
< PR
=1]s, | %] b D q b, LED g2
© 1 © 7s_I2
_D —
Do CEL|
&| C =1]s, @ b, D q 2 LED_g3
® 5 P ® 7s_|4
[ | PR
T clk 7S_|8=0
LH8 rst_n s x=

bp T B
by
b, T
b e
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Aufgabe 4.4 Speicher
Verbinden Sie den Ausgang b des Zahlers aus Aufgabe 4.3 mit dem Adress-Eingang des EEPROMs

AT28C64B (IC11)! Lassen Sie den Zahler von 0 bis 7 laufen und protokollieren Sie den Inhalt des
EEPROMs!

- EEPROM
Zahler AT28C648

b, 7s I A0 DO 7s_ra
LS en 7s 12 D1 7s_rb
— s T

by e 1a | M -
1Hz clk b, 7518 A2 D2 7s_rc
A4-A12 D4 7s_re
oF D5 —— 7s_rf
CE D6 7s_rg

H— WE 7s x=0

ROM-Beschriftung:

Adresse (hex) |0 1/2 3 |4|5 /6|7
Anzeige } } ' |
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5 Anhang

Digi IC Board

LH-Schalter LED
1

l—e— LED_11 o—@

af—-o K LED 12 og—.

Ic1 Ic2 Ic3 Ic4 IC5 IC6 LED_r2 0@
al—e—oLr2 LED 14 oi-@
g—— LED v o0
QF—@—oLH3 LED y2 0O
3 . LEDy3 o—oi

LED_y4 020
Q—@—oLH4 LED g1 °—0;
Q LED 2 20
LED g3 o=—0
Ql—e@—olH5 LED o4 040
E} -
al—e—o s 7-Segment-Display
Q ° Bin7sEd
Qf—e—oLH7
| —@—LHs 7511 ° 2o7sa
8—0 7512 9 Fcorsb
7s 14 °5 Fgo7sc
“ ic11 e el |
Taster Ic7 112 7757’; 7] g0 7ot
gl °g— [oisg
- —o 7
Generator 7518 O A s
100KH.
o—u+D|(\:/.;i 5o 10kHz
to 1kHz
o 100Hz
lo 10Hz
to 1Hz
Fo 0,1Hz

Zifferneingabe

ZL8 8o o8 ZR8
o o ZR4
ZL1 10 o1 ZR1
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Excerpt

SN54HCO02, SN74HC02

QUADRUPLE 2-INPUT POSITIVE-NOR GATES

SCLS076E — DECEMBER 1982 — REVISED AUGUST 2003

® \Wide Operating Voltage Range of 2V to 6V

® OQutputs Can Drive Up To 10 LSTTL Loads
® | ow Power Consumption, 20-uA Max Icc

SN54HCO02 . ..J OR W PACKAGE
SN74HCO2 ... D, DB, N, NS, OR PW PACKAGE

(TOP VIEW)
1Y [ o 14[] Vee
1A[] 2 13[] 4Y
1B[]3 12[] 4B
2y [ a 11[] 4A
2A(]s 10]] 3Y
2B[]6 o[l 3B
GND []7 8]l 3A

description/ordering information

The 'HCO02 devices contain four independent 2-input NOR gates. They perform the Boolean function

Y =A+BorY =A eB in positive logic.

® Typical tpg=8ns
® +4-mA Output Drive at 5V
® [ow Input Current of 1 pA Max

SN54HCO2 . . . FK PACKAGE

(TOP VIEW)
O]
o)
SZz9%
/ LILJLJLJL]
3 2 1 2019
1B [] 4 18[] 4B
NC[]5 17[J NC
2Y[]s 16[] 4A
NC[]7 15[] NC
2A[] 8 14[] 3y
9 10 11 12 13
Arr
[sa e NG RS Quyat|
NZZ0 M
0

NC — No internal connection

ORDERING INFORMATION

A PACKAGET PART NUMBER VARKING
PDIP — N Tube of 25 SN74HCO2N SN74HCO2N
Tube of 50 SN74HC02D
SOIC-D Reel of 2500 SN74HCO02DR HCO02
Reel of 250 SN74HC02DT
—40°C to 85°C SOP - NS Reel of 2000 SN74HCO2NSR HCO02
SSOP - DB Reel of 2000 SN74HCO02DBR HCO02
Tube of 90 SN74HCO2PW
TSSOP - PW Reel of 2000 SN74HCO2PWR HCO02
Reel of 250 SN74HCO2PWT
CDIP -1J Tube of 25 SNJ54HC02J SNJ54HC02J
-55°C to 125°C | CFP - W Tube of 150 SNJ54HCO2W SNJ54HCO2W
LCCC - FK Tube of 55 SNJ54HCO02FK SNJ54HCO02FK

t Package drawings, standard packing quantities, thermal data, symbolization, and PCB design guidelines are

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of

available at www.ti.com/sc/package.

Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of Texas Instruments
standard warranty. Production processing does not necessarily include

testing of all parameters.

{'} TeEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265

Copyright © 2003, Texas Instruments Incorporated

On products compliant to MIL-PRF-38535, all parameters are tested
unless otherwise noted. On all other products, production
processing does not necessarily include testing of all parameters.



SN54HC02, SN74HCO02
QUADRUPLE 2-INPUT POSITIVE-NOR GATES

SCLS076E — DECEMBER 1982 — REVISED AUGUST 2003

FUNCTION TABLE

(each gate)

INPUTS OUTPUT
A B Y
H X L
X H L
L L H

logic diagram (positive logic)

A
Y
B

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)’

Supply VOItAgEe range, VoG -« ot e et -05Vto7V
Input clamp current, [k (Vi <0orV|>Vce)(seeNotel) ... +20 mA
Output clamp current, Iok (Vo <0orVo>Vcee) (seeNote 1) ..o 20 mA
Continuous output current, Ig (Vo =00 VEE) - v v v 25 mA
Continuous current through Voo or GND L. 50 mA
Package thermal impedance, 63p (see Note 2): Dpackage ................ .. i, 86°C/W
DBpackage ............. i 96°C/W
Npackage .........ciiiiiiiiiiiii 80°C/W
NSpackage ...........c.ccoiiiiiiiinnnnnain. 76°C/IW
PWpackage ............... i, 113°C/W

Storage temperature range, Tstg

—65°C to 150°C

T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not

implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTES: 1. The input and output voltage ratings may be exceeded if the input and output current ratings are observed.
2. The package thermal impedance is calculated in accordance with JESD 51-7.

recommended operating conditions (see Note 3)

SN54HC02 SN74HC02
MIN  NOM MAX MIN  NOM MAX UNIT
Vce Supply voltage 2 5 6 2 5 6 \%
Vec =2V 15 1.5
VIH High-level input voltage Vcc =45V 3.15 3.15 \Y
Vcc=6V 4.2 4.2
Vcc=2V 0.5 0.5
VL Low-level input voltage Vcec =45V 1.35 1.35 \Y
Vcc =6V 1.8 1.8
V) Input voltage Vce Vce \
Vo Output voltage Vce Vce \%
Vcec=2V 1000 1000
At/Av  Input transition rise/fall time Vcc =45V 500 500 ns
Vec =6V 400 400
TA Operating free-air temperature -55 125 -40 85 °C
NOTE 3: All unused inputs of the device must be held at Vcc or GND to ensure proper device operation. Refer to the TI application report,

Implications of Slow or Floating CMOS Inputs, literature number SCBA004.

% TEXAS

INSTRUMENTS

2 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265
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INSTRUMENTS SN54HCO04, SN74HC04
www.ti.com SCLS078E —DECEMBER 1982—REVISED OCTOBER 2010
HEX INVERTERS Excerpt
Check for Samples: SN54HC04, SN74HCO04
FEATURES
 Wide Operating Voltage Range of 2V to 6V
e Outputs Can Drive Up To 10 LSTTL Loads
* Low Power Consumption, 20-pA Max lcc
+ Typical t,g =8ns
e +4-mA Output Drive at 5V
* Low Input Current of 1 uA Max
SN54HC04...J OR W PACKAGE SN54HC04...FK PACKAGE
SN74HCO04...D, DB, N, NS, OR PW PACKAGE (TOP VIEW)
(TOP VIEW) > <O 8 <
~ - > ©
T /OO0 0O
3 2 12019
1A [ 1 1411 Ve oah 4 18 ey
v [ 2 1310 6A neh s 17 o ne
2A [} 3 121 8Y b s 16 0 5A
2y [ 4 111 5A neh 7 15 O N
3A [ 5 100 5Y 3ab s 14 [ 5y
3y e 9P 4A 9 10 11 12 13
GND [} 7 8 |1 4y o T e e
>00 > <
o zZzz ¥ <
o

NC — No internal connection

DESCRIPTION/ORDERING INFORMATION
The 'HCO04 devices contain six independent inverters. They perform the Boolean function Y = A in positive logic.

ORDERING INFORMATION

Ta PACKAGE® ODERABLE PART NUMBER TOP-SIDE MARKING
PDIP — N Reel of 1000 SN74HCO4N SN74HCO4N
Reel of 1000 SN74HCO4DE4
SOIC-D Reel of 2500 SN74HCO4DRG3 HCO04
Tube of 250 SN74HCO4DT
SN74HCO4NSR
—40°C to 85°C SOP—NS Reel of 2000 SN74HCO4NSRG4 Heod
SSOP - DB Reel of 2000 SN74HCO4DBR HCO04
SN74HCO4DBRE4
Tube of 90 SN74HCO4PW
TSSOP - PW Reel of 2000 SN74HCO4PWR HCO04
Tube of 250 SN74HCO4PWT
CDIP -J Reel of 1000 SNJ54HC04J
-55°C to 125°C CFP -W Reel of 900 SNJ54HC04W
LCCC —-FK Reel of 2200 SNJ54HCO4FK

(1) Package drawings, standard packing quantities, thermal data, symbolization, and PCB design guidelines are available at
www.ti.com/sc/package.

Q Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of Texas
Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PRODUCTION DATA information is current as of publication date. Copyright © 1982—2010, Texas Instruments Incorporated
Products conform to specifications per the terms of the Texas !

Instruments standard warranty. Production processing does not
necessarily include testing of all parameters.
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Table 1. FUNCTION TABLE
(EACH INVERTER)

INPUT OUTPUT
A Y
H L
L H

LOGIC DIAGRAM (POSITIVE LOGIC)

A > v

Absolute Maximum Ratings®
over operating free-air temperature range (unless otherwise noted)

MIN MAX UNIT
Vce  Supply voltage range -0.5 7 \%
Ik Input clamp current® V,<0orV,>Vce +20 mA
lok  Output clamp current® Vo <0 +20 mA
lo Continuous output current Vo =010 Vcc +25 mA
Continuous current through Vccor GND +50 mA
D package 86
. N package 80
0;n  Package thermal impedance ® °C/W
NS package 76
PW package 113
Tsig  Storage temperature range -60 150 °C
(1) Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings

only, and functional operation of the device at these or any other conditions beyond those indicated under "recommended operating
conditions" is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

(2) The input and output negative-voltage ratings may be exceeded if the input and output clamp-current ratings are observed.
(3) The package thermal impedance is calculated in accordance with JESD 51-7.
Recommended Operating Conditions®
SN54HC04 SN74HCO04
MIN NOM MAX MIN NOM MAX UNIT
Vce  Supply voltage 2 5 6 2 5 6 Y
Vec=2V 15 15
V\y  High-level input voltage Vec =45V 3.15 3.15 Y
Vec =6V 4.2 4.2
Vec=2V 0.5 0.5
VL Low-level input voltage Vec =45V 1.35 1.35 Y
Vec =6V 1.8 1.8
\ Input voltage 0 Ve 0 Vee Y
Vo Output voltage 0 Ve 0 Vee Y
Vec=2V 1000 1000
At/Av Input transition rise or fall rate Vec =45V 500 500 ns
Vec =6V 400 400
Ta Operating free-air temperature -55 125 -40 85 °C

(1) All unused inputs of the device must be held at Vcc or GND to ensure proper device operation. Refer to the TI application report,

Implications of Slow or Floating CMOS Inpults, literature number SCBA004.

Submit Documentation Feedback Copyright © 1982-2010, Texas Instruments Incorporated

Product Folder Link(s): SN54HCO04, SN74HC04


http://focus.ti.com/docs/prod/folders/print/sn54hc04, sn74hc04.html
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SCLS078EE&partnum=SN54HC04, SN74HC04
http://focus.ti.com/docs/prod/folders/print/sn54hc04, sn74hc04.html

13 TEXAS

INSTRUMENTS

www.ti.com

SN54HCO04, SN74HC04

SCLS078E —DECEMBER 1982—-REVISED OCTOBER 2010

Electrical Characteristics
over operating free-air temperature range (unless otherwise noted)

Ta = 25°C SN54HCO04 SN74HCO04
PARAMETER TEST CONDITIONS Vee UNIT
MIN  TYP MAX MIN  MAX MIN| MAX
2V 1.9 1.998 1.9 1.9
lon = —20 pA 45V 4.4  4.499 4.4 4.4
Von x:L: Vin or 6V 59 5999 5.9 5.9 v
lon = —4 MA 45V 3.98 4.3 3.7 3.84
lon = —-5.2 mA 6V 5.48 5.8 5.2 5.34
2V 0.002 0.1 0.1 0.1
loL = 20 pA 45V 0.001 0.1 0.1 0.1
VoL Vi=Vimor 6V 0001 01 0.1 01| v
" loL =4 mA 45V 0.17 0.26 0.4 0.33
loL =5.2 mA 6V 0.15 0.26 0.4 0.33
I V| = V¢ or 0 6V +0.1  +100 +1000 +1000 nA
lec Vi =Vecor0, lg=0 6V 2 40 20|  pA
Ci 2Vto6V 3 10 10 10 pF
Switching Characteristics
over operating free-air temperature range, C, = 50 pF (unless otherwise noted) (see Figure 1)
Ta = 25°C SN54HC04 SN74HC04
PARAMETER (IFI\IRP%’\% (OU?F)’UT) Vee MIN  TYP MAX| MIN MAX| MIN max | N7
2V 45 95 125 120
tod A Y 45V 9 19 29 24 ns
6V 16 25 20
2V 38 75 110 95
t; Y 45V 8 15 22 19 ns
6V 13 19 16
Operating Characteristics
T = 25°C
PARAMETER TEST CONDITIONS TYP UNIT
Cpd Power dissipation capacitance per inverter No load 20 pF

Copyright © 1982-2010, Texas Instruments Incorporated
Product Folder Link(s): SN54HCO04, SN74HC04
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PARAMETER MEASURMENT INFORMATION
From Output Test

Input
Under Test I Point % 50%

|
|
C.=50 pF |
|

(see Note A) e o — — t —>

[ } ‘ o v
LOAD CIRCUIT In-Phase | 50% /) 20% | 90% N\ 509 ”

Output I 10% | } I 10% v
T 1 | | oL

v } —> et } —> et

| . 50% } 90% 90% } _5_0;3_ - Tce ﬂ tow '; < ton ’; v
npu | | H
Put 0% | ‘ 10% Out-of-Phase 90% N\ 50% 50%./, 90% ©
} } } } Output } 110% 10%./ | v

R —
—b et — et o M—t et
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS

INPUT RISE AND FALL TIMES

NOTES: A. C_includes probe and test-fixture capacitance.

PROPAGATION DELAY AND OUTPUT TRANSITION TIMES

B. Phase relationships between waveforms were chosen arbitrarily. All input pulses are supplied by generators having the following

characteristics: PRR <1 MHz, Z,=50 Q,t, =6 ns, t, =6 ns.
C. The outputs are measured one at a time with one input transition per measurement.
D. t,,, and t,,, are the same as t,.

Figure 1. Load Circuit and Voltage Waveforms
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Excerpt

EN54HC08, SN74HC08
QUADRUPLE 2-INPUT POSITIVE-AND GATES

SCLS081F-DECEMBER 1982—-REVISED JANUARY 2007

FEATURES

¢ Wide Operating Voltage Range of 2V to 6 V
¢ Outputs Can Drive Up To 10 LSTTL Loads
* Low Power Consumption, 20-pA Max |-

SN54HCO04...J OR W PACKAGE
SN74HCO04...D, DB, N, NS, OR PW PACKAGE

1A
1B
1Y
2A
2B
2Y
GND

(TOP VIEW)
\ 4
0+ 14 [0 Ve
-2 1301 4B
03 121 4A
4 1] 4Y
Os 101 3B
e 9 0 3A
- 8 |1 3Y

DESCRIPTION/ORDERING INFORMATION

The 'HCO08 devices contain four independent 2-input AND gates. They perform the Boolean function

Y = AEBorY =A +B in positive logic.

e Typical thg =8NS
+4-mA Output Drive at 5V
Low Input Current of 1 pA Max

SN54HCO04...FK PACKAGE

(TOP VIEW)

O (@]

eIz 9

/I_ll_ll_ll_ll_l

3 2 1 20 19
1Y [ 4 18 [
NC[] 5 17 [
2A ] 6 16 [
NC O 7 15 [J
2B[] 8 14 [

9 10 11 12 13

I Y O |

> 00 > <

NZZ O o6

©)

NC — No internal connection

ORDERING INFORMATION

4A
NC
4Y
NC
3B

Ta PACKAGE® ODERABLE PART NUMBER TOP-SIDE MARKING
PDIP —N Reel of 1000 SN74HCO8N SN74HCO8N
Reel of 1000 SN74HCO8DE4
SoIC - D Reel of 2500 SN74HCO8DR HCO8
Tube of 250 SN74HC08DT
SN74HCO8NSR
_acrogsec |0 NS Reel of 2000 SN74HCO8NSRG4 HCo8
SSOP — DB Reel of 2000 SN74HCO8DER HCOo8
SN74HCO8DBRE4
Tube of 90 SN74HC08PW
TSSOP — PW Reel of 2000 SN74HCOSPWR HCOo8
Tube of 250 SN74HCO8PWT
CDIP -3 Reel of 1000 SNJ54HC08J SNJ54HC08J
_55°C t0 125°C | CFP — W Reel of 900 SNJ54HCO8W SNJ54HCO8W
LCCC —FK Reel of 2200 SNJ54HCO8FK SNJ54HCO8JFK

(1) Package drawings, standard packing quantities, thermal data, symbolization, and PCB design guidelines are available at
www.ti.com/sc/package.

A

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of Texas
Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of the Texas
Instruments standard warranty. Production processing does not
necessarily include testing of all parameters.
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QUADRUPLE 2-INPUT POSITIVE-AND GATES

%‘ TEXAS
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SCLS081F-DECEMBER 1982—REVISED JANUARY 2007
FUNCTION TABLE
(EACH INVERTER)
INPUTS OUTPUT
A B Y
H H H
L X L
X L L
LOGIC DIAGRAM (POSITIVE LOGIC)
A
: O
Absolute Maximum Ratings®
over operating free-air temperature range (unless otherwise noted)
MIN MAX UNIT
Vce  Supply voltage range -0.5 7 \%
Ik Input clamp current(@ V,<0orV,>Vce +20 mA
lox  Output clamp current@ Vo <0 +20 mA
lo Continuous output current Vo =010 Ve +25 mA
Continuous current through Vccor GND +50 mA
D package 86
DB package 96
8;a  Package thermal impedance ®) N package 80 °C/W
NS package 76
PW package 113
Tsg  Storage temperature range -60 150 °C

(1) Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings

only, and functional operation of the device at these or any other conditions beyond those indicated under "recommended operating

conditions" is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

(2) The input and output voltage ratings may be exceeded if the input and output current ratings are observed.
(3) The package thermal impedance is calculated in accordance with JESD 51-7.

2 bubmit Documentation Feedback
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SN54HC86, SN74HC86

QUADRUPLE 2-INPUT EXCLUSIVE-OR GATES

SCLS100E — DECEMBER 1982 — REVISED AUGUST 2003

Wide Operating Voltage Range of 2V to 6V
Outputs Can Drive Up To 10 LSTTL Loads
Low Power Consumption, 20-uA Max Icc

Typical tpg =10 ns

SN54HC86 ... J OR W PACKAGE

+4-mA Output Drive at 5V
Low Input Current of 1 pA Max
® True Logic

SN54HCS86 . . . FK PACKAGE

SN74HCS86 . .. D, N, NS, OR PW PACKAGE (TOP VIEW)
(TOP VIEW) O
m<Q Om
) 2> <
1A[]1 14[] Vee 4 I?I;lll_uz_oul_gl
1B[]2 13[] 4B 1Y [] 4 18[] 4A
1Y []s 12[] 4A NC []s 17[J NC
2A[]4 11[] 4Y 2A[] & 16[] 4y
2B[|5  10fl3B NC []7 15[] NC
2Y[]e 9]l 3A 2B [] 8 14[] 3B
GND[]7 8[] 3y S0 il 12 13
>0 0 > <
NZZ0 M
0

description/ordering information

NC — No internal connection

These devices contain four independent 2-input exclusive-OR gates. They perform the Boolean function
Y =A@ BorY =AB + AB in positive logic.

A common application is as a true/complement element. If one of the inputs is low, the other input s reproduced
in true form at the output. If one of the inputs is high, the signal on the other input is reproduced inverted at the

output.

ORDERING INFORMATION

" e
PDIP — N Tube of 25 SN74HC86N SN74HC86N
Tube of 50 SN74HC86D
SOIC-D Reel of 2500 SN74HC86DR HC86
_40°C 10 85°C Reel of 250 SN74HC86DT
SOP — NS Reel of 2000 SN74HC86NSR HC86
Tube of 90 SN74HC86PW
TSSOP - PW Reel of 2000 SN74HC86PWR HC86
Reel of 250 SN74HC86PWT
CDIP -J Tube of 25 SNJ54HC86J SNJ54HC86J
-55°Cto 125°C | CFP -W Tube of 150 SNJ54HC86W SNJ54HC86W
LCCC - FK Tube of 55 SNJ54HC86FK SNJ54HC86FK

t Package drawings, standard packing quantities, thermal data, symbolization, and PCB design guidelines are

available at www.ti.com/sc/package.

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.
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SN54HC86, SN74HC86
QUADRUPLE 2-INPUT EXCLUSIVE-OR GATES

SCLS100E — DECEMBER 1982 — REVISED AUGUST 2003

FUNCTION TABLE

(each gate)

INPUTS OUTPUT
A B Y
L L L
L H H
H L H
H H L

exclusive-OR logic

An exclusive-OR gate has many applications, some of which can be represented better by alternative logic

symbols.

Exclusive OR

T D D D> D

These are five equivalent exclusive-OR symbols valid for an 'HC86 gate in positive logic; negation may be

shown at any two ports.

Logic Identity Element Even-Parity Element
= kA 2k K~
The output is active (low) if The output is active (low) if
all inputs stand at the same an even number of inputs
logic level (i.e., A = B). (i.e., 0 or 2) are active.

Odd-Parity Element

2k +1

The output is active (high) if
an odd number of inputs (i.e.,
only 1 of the 2) are active.

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Supply VOItage range, VoG -« oot e et -05Vto7V
Input clamp current, ik (Vi <0orVi>Vee) (see Note 1) ... +20 mA
Output clamp current, Iok (Vo <0orVo>Vee) (seeNote 1) ..o +20 mA
Continuous output current, [o (Vo =010 VEE) v 25 mA
Continuous current through Vec or GND L. +50 mA
Package thermal impedance, 63p (see Note 2): Dpackage ............. ... ... ...t 86°C/W
Npackage ..........c.coiiiiiiiiiiiiii. 80°C/W
NSpackage ............ccoiiiiiiiinnnnain. 76°C/IW
PWpackage ............ccoiiiiiiiiiiit, 113°C/W

Storage temperature range, Tgtg - .-« vvvvee e

—65°C to 150°C

T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTES: 1. The input and output voltage ratings may be exceeded if the input and output current ratings are observed.

2. The package thermal impedance is calculated in accordance with JESD 51-7.
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Excerpt

SN54HC157, SN74HC157

QUADRUPLE 2-LINE TO 1-LINE DATA SELECTORS/MULTIPLEXERS

SCLS113D - DECEMBER 1982 - REVISED SEPTEMBER 2003

® \Wide Operating Voltage Range of 2V to 6 V
® Qutputs Can Drive Up To 15 LSTTL Loads
® | ow Power Consumption, 80-uA Max Icc

SN54HC157 . ..J OR W PACKAGE
SN74HC157 ... D, DB, N, NS, OR PW PACKAGE

(TOP VIEW)
A1 16 ] Vee
1Afl2  15]1G
1B |3 14]] 4A
1Y [} 4 13]] 4B
2A []5 12[] 4y
2B []6 11[] 3A
2y [17 10[] 3B
GND [|8 of] 3y

description/ordering information

Typical thd =

11 ns

+6-mA Output Drive at 5V
Low Input Current of 1 uA Max

SN54HC157 . . . FK PACKAGE

(TOP VIEW)
0o 3
Sz S
/ LIJLJLJLJL]
3 2 1 2019
1B [] 4 18[] 4A
1Y []s 17[] 4B
NC [l e 16[] NC
2A[l 7 15[ 4y
2B[]s 14[] 3A
9 10 11 12 13
o I I o o o |
>0 0> Mm
N ZZmm
o

NC - No internal connection

These data selectors/multiplexers contain inverters and drivers to supply full data selection to the four output
gates. A separate strobe (G) input is provided. A 4-bit word is selected from one of two sources and is routed
to the four outputs. The 'HC157 devices present true data.

ORDERING INFORMATION

A Packace! | packace! | Rl | warkinG
PDIP - N Tube of 25 | SN74HC157N SN74HC157N
Tube of 40 | SN74HC157D
soiC - D Reel 0f 2500 | SN74HC157DR HC157
Reel0f250 | SN74HC157DT
~40°Ct085°C | SOP - NS Reel 0f 2000 | SN74HC157NSR HC157
SSOP - DB Reel 0f 2000 | SN74HC157DBR HC157
Tube of 90 | SN74HCI57PW
TSSOP - PW Reel 0f 2000 | SN74HC157PWR HC157
Reel0f 250 | SN74HC157PWT
CDIP - J Tube of 25 | SNJ54HC157 SNJ54HC157]
55°C 10 125°C | CFP - W Tube of 150 | SNJ54HCI57W SNJ54HC157W
LCcC - FK Tube of 55| SNJ54HCI57FK SNJ54HC157FK

t Package drawings,
available at www.ti

standard packing quantities, thermal data, symbolization, and PCB design guidelines are

.com/sc/package.

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of Texas Instruments
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SN54HC157, SN74HC157

QUADRUPLE 2-LINE TO 1-LINE DATA SELECTORS/MULTIPLEXERS

SCLS113D - DECEMBER 1982 - REVISED SEPTEMBER 2003

logic diagram (positive logic)

1A

1B

2A

2B

3A

3B

4A

4B

A/B

FUNCTION TABLE

INPUTS
OUTPUT
— | SELECT DATA Y
G A/B A B
H X X X L
L L L X L
L L H X H
L H X L L
L H X H H
2
4
3
5
L 4 7
6
‘_
1
® 9
10
o—
14
Ld 12
13
‘_
15
1 h}

f

Pin numbers shown are for the D, DB, J, N, NS, PW, and W packages.

1y

2Y

3Y

a4y
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INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



Excerpt

SN54HC175, SN74HC175

QUADRUPLE D-TYPE FLIP-FLOPS

Outputs

Typical t g =13 ns

SN54HC175...J OR W PACKAGE
SN74HC175...D, DB, N, NS, OR PW PACKAGE

(TOP VIEW)
orll: > 16 vec
10[]2 15]] 4Q
1Q[]3 14]] 4Q
1D [} 4 13]] 4D
2D []s 12]] 3D
2Q[]e 1[] 3Q
2Q[]7 10[] 3Q
GND [] 8 9] cLK

description/ordering information

Wide Operating Voltage Range of 2V to 6 V
Outputs Can Drive Up To 10 LSTTL Loads
Low Power Consumption, 80- uA Max Icc
Contain Four Flip-Flops With Double-Rail

WITH CLEAR
SCLS299D - JANUARY 1996 - REVISED SEPTEMBER 2003
® +4-mA Output Drive at 5V
® [ow Input Currentof 1 u A Max
® Applications Include:
— Buffer/Storage Registers
- Shift Registers
— Pattern Generators
SN54HC175 . . . FK PACKAGE
(TOP VIEW)
o )
@)
Qloz2Q
/4 S | | - - -

— 3 2 1 2019 —
1Q|] 4 18[] 4Q
1D[]s 17[] 4D
NC[]6 16[] NC
2D []7 15[] 3D
2Q[] s 14[] 3Q

Qp 9 10 11 12 13 Q

I I e |

o0 0X(Y

NZzZz Ao
0] O

NC - No internal connection

These positive-edge-triggered D-type flip-flops have a direct clear (CLR) input. The '"HC175 devices feature
complementary outputs from each flip-flop.

ORDERING INFORMATION

" Tl
PDIP - N Tube of 25 SN74HC175N SN74HC175N
Tube of 40 SN74HC175D
soIC - D Reel of 2500 | SN74HC175DR HC175
Reelof 250 | SN74HC175DT
-40°Ct0 85°C | SOP - NS Reel of 2000 | SN74HC175NSR HC175
SSOP - DB Reel of 2000 | SN74HC175DBR HC175
Tube of 90 SN74HC175PW
TSSOP - PW Reel of 2000 | SN74HC175PWR HC175
Reelof 250 | SN74HC175PWT
CDIP -J Tube of 25 SNJ54HC175] SNJ54HC175]
-55°C to 125°C | CFP - W Tube of 150 | SNJS4HC175W SNJ54HC175W
LCCC - FK Tube of 55 SNJS4HC175FK SNJS4HC175FK

t Package drawings,
available at www.ti.com/sc/package.

standard packing quantities, thermal data, symbolization, and PCB design guidelines are

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
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SN54HC175, SN74HC175
QUADRUPLE D-TYPE FLIP-FLOPS
WITH CLEAR

SCLS299D - JANUARY 1996 — REVISED SEPTEMBER 2003

description/ordering information (continued)

Information at the data (D) inputs meeting the setup time requirements is transferred to the outputs on the
positive-going edge of the clock (CLK) pulse. Clock triggering occurs at a particular voltage level and is not
related directly to the transition time of the positive-going edge of CLK. When CLK is at either the high or low

level, the D input has no effect at the output.

FUNCTION TABLE

(each flip-flop)

INPUTS OUTPUTS
CLR CLK D Q Q
L X X L H
H T H H L
H T L L H
H L X | Qo Qo
logic diagram (positive logic)
—_ 1
CLR ~>
CLK 9 ||>
1D 4 1D >
> C1 >O

\_\/_/

To Three Other Channels

Pin numbers shown are for the D, DB, J, N, NS, PW, and W packages.

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) T
SUPPIY VOIAGE FANGE, VG - - o v vt v et ettt e e e e e e e -05Vto7V
Input clamp current, |k (Vi <0orVi>Vee)(see Note 1) ..o e +20 mA
Output clamp current, ok (Vo <0orVg>Vce)(seeNote 1) ... ... +20 mA
Continuous output current, Io (Vo =010 VEE) oo +25 mA
Continuous current through Vec or GND ... oo +50 mA
Package thermal impedance, 63p (see Note 2): Dpackage ................ ... ..ot 73°C/IW

DBpackage ............iiiniiiiiiiiiiiaa 67°C/W
Npackage .........coiiiiiiiii i 82°C/W
NS package ......... .. i 64°C/W
PWopackage ......... ... i, 108°C/W

Storage temperature range, Tggg ... o .o v et

—65°C to 150°C

T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not

implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.
NOTES: 1. The input and output voltage ratings may be exceeded if the input and output current ratings are observed.

2. The package thermal impedance is calculated in accordance with JESD 51-7.
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Features
* Fast Read Access Time — 150 ns
e Automatic Page ‘Write Operation
— Internal Address and Data Latches for 64 Bytes
* Fast Write Cycle Times
- Page Write Cycle Time: 10 ms Maximum (Standard)
2 ms Maximum (Option — Ref. AT28HC64BF Datasheet)
— 1 to 64-byte Page Write Operatlon
. Low Power Dissipation
— 40 mA Active Current
- 100 pA CMOS Standby Current
* Hardware and Software Data, Protection
« DATA Polling and Toggle Bit for End of Write Detection
¢ High Reliability CMOS Technology
— Endurance: 100,000 Cycles
— Data Retention: 10 Years
* Single 5V +10% Supply .. -
* CMOS and TTL Compatible Inputs and Outputs
» JEDEC Approved Byte-wide Pinout
¢ Industrial Temperature Ranges o
¢ Green (Pb/Halide-free) Packaging Option Only

1. Description ,

The AT28C64B is a high-performancé electrically-erasable and programmable read-

only memory (EEPROM). Its 64K of memory is organized as 8,192 words by 8 bits.

Manufactured with Atmel's advanced nonvolatile CMOS technology, the device offers
. access times to 150 ns with power dissipation of just 220 mW. When the device is

deselected, the CMOS standby current is less than 100 pA.

The AT28C64B is accessed like a Static RAM for the read or write cycle without the
need for external components. The device contains a 64-byte page register to allow
writing of up to 64 bytes simultaneously. During a write cycle, the addresses and 1 to
.64 bytes of data are internally latched, freeing the address and data bus for other
operations. Following the initiation of a write cycle, the device will automatically write
the latched data using an internal control timer. The end of a write cycle can be

detected by DATA POLLING of 1/07. Once the end of a write cycle has been

detected, a new access for a read or write can begin.

Atmel's AT28C64B has additional features to ensure high quality and manufacturabil-
ity. The device utilizes internal error correction for extended endurance and improved
data retention characteristics. An optional software data protection mechanism is
available to guard against inadvertent writes. The device also includes an exira
64 bytes of EEPROM for device identification or tracking.

64K (8K x 8)
Parallel
EEPROM with
Page Write and
Software Data
Protection

AT28C64B

. Excerpt N
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2. Pin Configurations 22 32-ead PLCC Top View

Pin Name Function S 8 lu_l o
AO - A12 . ' Addresses CEEEEZ ﬁ Z
CE Chip Enable e E/5 TONTEE Bl
OE . Output Enable ’ .l A5 e ‘ 28[0A9
WE ( Write Enable’ v - Mgz 27 [0 A11
A3[]8 26 [1NC
i/00 - 1/07 . Data Inputs/Outputs A2 9 o5 j OF
NC No Gonnect ‘ At 10 24 A10
DC _ Don't Connect o AOE 11 23 %“CE
NC [ 12 22 [11/07
: ‘ . : : VOOE133959,':99938213V06
: I
68288388
CEE2FEOR2XR
Note: PLCC package pins 1 and 17 are Don't Connect. -
i . A
2.1  28-lead PDIP, 28-lead SOIC Top View 2.3 28-lead TSOP Top View
) '
NC I 28 1VCC 0EC1O ‘ : , 28[1A10
SA12[]2 .27 [AWE A1t ]2 27[JCE
A7[]3 26 [INC A9]3 26 [11/07
A6 4 251 A8 . A8 4 25 [11/06
A5[]5 . 24[JA9 ‘ NCL 5 » 24105
o O = voo =l 22 108
A 7 2 OE :
Aggs 2?%250 . NcIs © 21T GND
= o0l aE Al29 . 20 1102
A7[]10 ' 19 3 1/0A
A0 L 10 19 o7 A6 11 18 [ZJ /00
100 [ 11 18 [711/06 A5 12 1753 Ao
Vo112 17 [J1/0s - PV e 16 A1
Vo213 . 161104 A3 14 157 A2
GND ] 14 15[ 11/03 : () ()
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— AT28C64B |

3. Block Diagram

VCC — ' ' DATA INPUTS/OUTPUTS

bh4apaisy
OE—= ___ __ S -
o E TF and WE _ DATA LATCH
WE=—» LOGIC I INPUT/OUTPUT
£ s _ > BUFFERS
— Y DECODER 2 vearNGg
ADDRESS| .
INPUTS a > CELL MATRIX
X DECODER —
* [DENTIFICATION

4. Device Operation

41 Read ' ‘ ‘ , ‘

» The AT28C64B is accessed like a Static RAM. When CE and OE are low and WE is high, the
data stored at the memory location determined by the address pins is asserted on the outputs.
The outputs are put in the high-impedance state when either CE or OE is high. This dual line
-control gives designers flexibility in preventing bus contention in their systems.

4.2 Byte Write o - i v
: ' A low pulse on the WE or CE input with CE or WE low (respectively) and OE high initiates a write
cycle. The address is latched on the falling edge of CE or WE, whichever occurs last. The data is
latched by the first rising edge of CE or WE. Once a byte write has been started, it will automati-
cally time itself to completion. Once a programming operation has been initiated and for the
duration of ty,c, a read operation will effectively be a polling operation.

4.3 Page Write

. ‘ " The page write operation of the AT28C64B allows 1 to 64 bytes of data to be written into the
device during a single internal programming petiod. A page write operation is initiated in the
same manner as a byte write; after the first byte is written, it can then be followed by 1 to 63
additional bytes. Each successive byte must be loaded within 150 ps (tg ) of the previous byte.
If the tg, ¢, limit is exceeded, the AT28C64B will cease accepting data and commence the internal
programming operation. All bytes during a page write operation must reside on the same page
as defined by the state of the A6'to A12 inputs. For each WE' hlgh to low transmon durlng the
page write operation, A6 to A12 must be the same.

The A0 to A5 inputs 'specify which bytes within the page are to be written. The bytes may be v
loaded in any order and may be altered within the same load period. Only bytes which are spec-
ified for writing will be written; unnecessary cycling of other bytes within the page does not occur.

0279L~PEEPR~2/09



— AT28C64B

5. DC and AC Operating Range

AT28C64B-15

Operating Temperature (Case) ~ -40°C - 85°C

V¢ Power Supply ‘ . ' BV £10% .

6. Operating Modes

Mode , CE ' 'OE : WE o
Read ‘ ' , Vi ) Vi Vi Dour
Write® Vi ‘ Vig ‘ V. ' Dy
Standby/Write Inhibit » Vi X X ' High Z
Write Inhibit X _ X Vin '
| Write Inhibit g ‘ X Ve X
Output Disable 3 ' X Vi X . Highz
Chip Erase o VA v, v, High Z
Notes: 1. Xcanbe V. or V. o
2. See "AC Write.Waveforms” on page 8. ' ‘ ‘ .

3. V= 12,0V £0.5V.

7. Absolute Maximum Ratings* ;
Temperature Under Bias....... e -55°C 10 +125°C *NOTICE:  Stresses beyond those listed under “Absolute

S Maximum FAings” may cause permanant darm-
‘Storage Temperature ......ccceveveeiviereenrensinn. '\eee -85°C 0 +150°C age to the device. This is a stress rating only and

functional operation of the device at these or any
other conditions beyond those indicated in the
operational sections of this specification is not

All Input.Voltages
(including NC Pins)

with Respect 1o Ground .........coeeriveeeercverennan. -0.6V to +6.25V e ! :

. implied. Exposure to absolute maximum rating
‘All Output Voltages ‘ ) ' conditions for extended periods may affect
with Respect to Ground ............... . +..=0.8V 10 Vi + 0.6V device reliability ‘
Voltage on OE and A9 ,
with Respect 10 GroUNd ...c...ieeiisiniisieeeesnnns -0.6V to +13.5V

- 8. DC Characteristics

Symbol Parameter Condition ' ' ' Min Max Units
TR Input Load Cutrent . Vin=0Vio Vg + 1V : . - 10 pA
o Output Leakage Current ’ Vio = OV to Ve _ ' 10 A
o " | V¢ Standby Current CMOS "CE= VC¢ -0.3Vio Vg + 1V : . 100 LA
lse2 Vg Standby Current TTL CE =2.0Vto Vg + 1V 2 mA
oo Vg Active Gurrent : | f=5MHz lgyr = 0 mA : _‘ 40 mA.
Vi : Input Low Voltage - ' : ~ 0.8 \
\/" Input High Voltage ' 2.0 \Y%
Voo Output Low Voltage . loL = 21mA ' ' ' 0.40 v
Vou Output High Voitage - lop =-400 pA 24 A

0270L-PEEPR~2/09 .



9. ‘AC_Read Characteristics

, AT28C64B-15

Symbol Parameter | Min Max Units -
tace Address to Output Delay - 150 . ns
teet CE to Output Delay ' 150 ns
toe® OE to Output Delay ' 0 . 70 " ns -
tpe @ ' CE or OF to Output Float . 0 : 50 ns
o | Output Ho.Id from OE, CE or Address, whichever 0. ns

o occurred first.

10. AC Read Waveforms(j)(g)(3)(4)

ADDRESS X[ appressvap X

o

tog ——»

6—-E . . tOE ——) .
. S — tDF —>
A e fon __y,

e tACC .

! :
OUTPUT HIGH 2 _ < < ouTPUTVALID D—D—

A

Notes: 1. CE may be delayed up 1o taq - toe after the address transition without impact on tAéc

2. OE may be delayed up to tg - toe after the falling edge of CE without |mpact on toe of by tace - tos after an address change
without impact on tagc.

3. tp is specified from OE or CE whichever occurs first (C, = 5 pF).
4. This parameter is characterized and is not 100% tested.

6 AT28C64B —
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