Hex Inverter

General Description

The 74VHC/VHCTO4 is an advanced high speed CMOS IN-
VERTER fabricated with silicon gate CMOS technology. It
achieves the high speed operation similar to equivalent Bi-
polar Schottky TTL while maintaining the CMOS low power
dissipation.

The internal circuit is composed of 3 stages including buffer
output, which provide high noise immunity and stable out-
put. An input protection circuit ensures that OV-7V can be
applied to the input pins without regard to the supply volt-
age. This device can be used to interface 5V to 3V systems
and two supply systems such as battery back up. This circuit
prevents device destruction due to mismatched supply and
input voltages.

NOTE:
MILITARY SPECIFICATIONS ARE PRELIMINARY
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Features

| High speed:
VHC tpp = 3.8 ns (typ) @ Vo = 5V
VHCT tpp = 4.7 ns (typ) @ Voo = 5V

m High noise immunity:
VHC VnH = VNIL = 28% Vgc (Min)
VHCT iy = 2.0V, VL = 0.8V
m Operating Voltage:
VHC Vg (opr) = 2V ~ 55V
VHCT V¢ (opr) = 4.5V-5.5V
B Power down protection:
VHC inputs only
VHCT inputs and outputs
B Low Noise:
VHG Voip = 0.4V (typ)
VHCT Vorp = 0.8V (typ)
m Low power dissipation:
icc = 2 pA (Max) @ T = 25°C
® Balanced propagation delays: ty H = toHL
® Pin and function compatible with 74HC/HCT04

Logic Symbol
IEEE/IEC
Ay — ! P 0y
Al — P 0y
Ay —t P 0,
Ay — —
Ay —1 P 0,
As P 05
TL/F/11516-1
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An Inputs
On Outputs
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L H
H L

Connection Diagrams

Pin Assignment for
DIP, Flatpak, SSOP, TSSOP and SOIC
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Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales
Office/Distributors for availability and specifications.

Note 1: Absolute Maximum Ratings are values beyond
which the device may be damaged or have its useful life
impaired. The databook specifications should be met, with-

Supply Voltage (Vce) —_05Vito +7.0V out e)'(cepﬂbn, to ensure that the system design_is reliable
DC Input Voltage (Vin) _05Vio +7.0V over its power supply, temperature, and oulput/input load-

ing variables. National does not recommend operation out-
DC Output Voltage (Vour) side databook specifications.

VHC —0.5Vto Vg + 0.5V
| V*t“;T o Curront (g —osv ‘;’o’“x Recommended Operating

nput Diode Curren -20m eat

Pt o K Conditions
Output Diode Current (Iok)

VHC +20 mA Supply Voitage (Vo)

VHCT —20mA VHC 2.0Vto +5.5V
DC Output Current (IoyT) +25mA VHCT 45Vio +5.5V
DC Vc/GND Current (Icc) +50 mA Input Voltage (V|N) OVito +5.5V
Storage Temperature (TsTg) -85°C to + 150°C Output Voltage (Vout) OVtoVee
Lead Temperature (T}) Operating Temperature (Topr)

(Soldering, 10 seconds) 300°C 54VHC/VHCT —55°Cto +125°C
*Vout > Vg only if output 1s n H state. 74VHC/VHCT —40°Cto +85°C

Input Rise and Fall Time (t;, t)

Vgg = 3.3V 0.3V (VHC only) 0 ~ 100 ns/V
Vee = 5.0V £0.5V 0 ~ 20 ns/V
DC Characteristics for 'VHC Family Devices
74VHC S54VHC 74VHC
Vee Ta = 25°C Ta = —55°C Ta = —40°C . -
Symbol | Parameter Units Conditions
Y " v) to +125°C to +85°C
Min Typ Max Min Max Min Max
VIH High Level | 2.0 1.50 1.50 1.50
Input 3.0-55|0.7 Vo 0.7 Veo 0.7 Vo v
Voltage
ViL Low Level 20 0.50 0.50 0.50
input 3.0-55 0.3Vee 03 Vee 03Vee] V
Voltage
VoH HighLevel | 20 19 20 1.8 1.9 VIN = V| lon = —50 pA
Output 3.0 29 30 2.9 29 v or Vi
Voltage 4.5 44 45 4.4 4.4
3.0 2.58 24 2.48 v loH = —4mA
45 3.94 3.7 3.80 lon = —8mA
VoL Low Level 2.0 00 0.1 0.1 0.1 Vin= ViH | loL = +50 pA
Output 3.0 00 041 0.1 0.1 v or Vi
Voltage 45 0.0 0.1 0.1 0.1
3.0 0.36 0.50 0.44 v loL = 4 mA
45 0.36 0.50 0.44 loL = 8 MA
I Input 0-5.5 +0.1 +1.0 £1.0 | pA VN =55VorGND
Leakage
Current
lcg Quiescent 5.5 2.0 40.0 20.0 | mA |ViN = Vocor GND
Supply
Current
2
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DC Characteristics for 'VHC Family Devices

74VHC 54VHC 74VHC
Vee — ogo Ta = —55°C Ta = —40°C . N
Symbol Parameter ) Ta = 25°C to + 125°C to + 85°C Units Conditions
Typ Limits Limits Limits
A H H p—
VoLp Quiet Qutput Maximum 5.0 0.4 08 v CL = 50pF
Dynamic Vo
x¥ i HeH j—
VoLv Quiet Qutput Minimum 5.0 04 08 v C_ = 50 pF
Dynamic Vg
% H H =
ViHD Mmlmurn High Level 5.0 35 v Cp = 50 pF
Dynamic Input Voltage
**ViLo Maximum Low Level C_ = 50 pF
R 5.0 1.5 Vv
Dynamic Input Voltage
**Parameter guaranteed by design
DC Characteristics for 'VHCT Family Devices
74VHCT S4VHCT 74VHCT
Vee _ Ta= —55°C | Tao = —40°C
Symbol Parameter ) Ta = 25°C 1o +125°C to +85°C Units Conditions
Min Typ Max | Min Max Min Max
VIH High Level Input | 4.5 20 2.0 v
Voltage 55 2.0 2.0
ViL Low Level input 4.5 0.8 0.8 v
Voltage 5.5 0.8 08
Vou High Level 45 3.15 3.65 3.15 A VIN=Vig | lon = —50nA
Output Voltage ’ 25 24 Vv or VL loH = —8mA
VoL Low Level 45 0.0 0.1 0.1 A VIN =V | loL = 50 pA
Output Voltage 0.36 044 | V orViL { 1o, = 8mA
N Input Leakage 4 Vin = 5.5V or GND
Current 0-5.5 +0.1 +1.0 | pA
lcc Quiescent VinN = Ve or GND
Supply Current 55 2.0 20.0 pA
lcot Maximum Igc/ ViN = 3.4V
Input 55 1.3 1.50 mA Other Inputs = Vg or GND
lopD Output Leakage Vout = 5.5V
Current (Power 0.0 +0.5 +50 | pA
Down State)
DC Characteristics for 'VHCT Family Devices
74VHCT S4VHCT 74VHCT
Vee _ oge Ta = —55°C Ta = —40°C
Symbol Parameter ) Ta = 25°C to +125°C to +85°C Units Conditions
Typ Limits Limits Limits
VoLp Quiet Qutput Maximum 5.0 08 1.0 v C_ = 50 pF
Dynamic VoL
*% i inil =
Vowv Quiet Qutput Minimum 50 _08 10 v C_ = 50pF
Dynamic VoL
**ViHD Minimum High Level CL = 50pF
Dynamic Input Volitage 50 20 v
**ViLo Maximl_Jm Low Level 50 08 v CL = 50pF
Dynamic Input Voltage
**Parameter guaranteed by design.
3
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AC Electrical Characteristics for 'VHC Family Devices:

74VHC S54VHC 74VHC
Symbol Parameter ‘(’3;: Ta = 25°C Tt‘:: i 1_22?;0 T‘:oigg,oéc Units | Conditions
Min Typ Max Min Max Min Max
tPHL, Propagation Delay | 3.3 £0.3 5.0 71 1.0 8.5 CL = 15pF
tPLH 75 106 1.0 12.0 e CL = 50pF
5.0 £0.5 38 55 1.0 6.5 C_ = 15pF
5.3 7.5 1.0 8.5 e CL = 50pF
Cin Input Capacitance 4 10 10 pF Voo = OPEN
Cpp Power‘Dissipation 18 oF (Note 1)
Capacitance

Note 1: Cpp is defined as the value of the internal equivalent capacttance which 1s calculated from the operating current consumption without load Average
operating current can be obtaned by the equation Icc (opr.) = Cpp * Ve * fin + lce/6 (per gate)

AC Electrical Characteristics for ’'VHCT Family Devices:

T4VHCT S54VHCT 74VHCT
Symbol Parameter ‘:s;’ Ta = 25°C Tt‘:) N 1_z§5cc T?Oi ;;gc Units | Conditions
Min Typ Max Min Max Min Max
tPHL. Propagation Delay | 5.0 £0.5 a7 6.7 1.0 7.5 CL = 15pF
tPLH 55 7.7 1.0 8.5 ne CL = 50pF
CiN Input Capacitance 4 10 10 pF Ve = OPEN
Cpp Power Dissipation 14 (Note 1)
Capacitance Pk

Ordering Information

The device number is used to form part of a simplified purchasing code, where the package type and temperature range are
defined as follows:

74VHC

Temperature Range Family
74 VHC = Commercial VHC
54 VHC = Military VHC
74 VHCT = Commercial TTL-Compatible VHC
54 VHCT = Military TTL-Compatible VHC

04

Device Type

Package Code
M = Small Outline JEDEC (SOQIC)
SJ = Small Outline EIAJ (SOIC)
MSC = Shrink Small Outline EIAJ (SSOP Type [)

MTC = Thun Shrink Small Outline—EIAJ (TSSOP Type )

J/883 = Ceramic DIP
W/883 = Ceramic Flatpak
E/883 Leadliess Ceramic Chip Carrier

Special Variations

Note 1: Cpp 15 defined as the value of the internal equivalent capacitance which is calculated from the operating current consumphion without load Average
operating current can be obtained by the equation: Icc (opr) = Cpp * Ve * fin + loc/6 (per gate).

“X* = Tape and Reel
" = Rail/Tube
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PhySica| Dimensions inches (milimeters)
0200 +0 005
{50800 127)
"o 450x 00150010
< | {03810 254)
0350+0008 0015
B 89010 209 00630075 00070011
‘ N ' {1600 1 905) .S.‘:u’ﬁ‘v’p \ {0178 -0.279 '73 0279)
L c:[‘/m 0028
— 55
porr-ooss K Z =2 fm o
11 959-2 352) ‘ o
0.045-0.085 3 | T—{
g Z/ KRS mv)J AN
DETAIL A e 00670083 -
(1 02=2 168) "I - t%
Top View Slde View TYP TYP
a50x 004050070
{1 01620 259)
3PLCS
Bottom View
0015
% {038)
MIN TYP MAXTYP
0022 T
{0550— | el 0006
MAX TYP {0152)
MIN TYP
Detail A
E20A \REV Dy
20-Lead Ceramic Leadless Chip Carrier, Type C (L)
Order Number 54VHCO04E/883 or 54VHCTO4E/883
NS Package Number E20A
0.785
{19.939)
MAX
0025 fia] i3] {72 [l [e] [9] []
{0.635)
o \ 0.220-0.310
{5.588-7.874)
b 2] Gal [l [s1 L] 2]
1.290-0.320 0.005 - 0.200
(7.366-8.128) (ﬂ-;nZ';) GLASS 0.060 +0.005 {5.080)
— e
| SE“;-“'" {1524 :0.127) MAX. 0,020-0.060
1 20
0180 AXI H == (0.508—1.524)
ws12) " Y
} 95° +5° 86°94° TYP X
10° MAX 0.008-0.012 1[ |
0.310-0.410 (0.203-0.305) 0.018 +0.003
(1.878-10.41) 0.098 L -—l |-‘ 0.125-0.200
2489) ] {0.457 0.076) {3.1755.080)
MAX BOTH ENDS 0.100 +0.010 0.150
{2580 +0.254) 3
MIN J14A (REV G)
14-Lead Ceramic Dual-In-Line Package (D)
Order Number 54VHC04J/883 or 54VHCT04J/883
NS Package Number J14A
5
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Physical Dimensions inches (milimeters) (Continued)
03350344 ‘
(8 509 -8 738)
FAAAAGDA
0 228 -0 243 0
{5791 ‘—ﬁ ’Q }(
LEAD NO 1 ‘/i L !
{0ENT U U U U U U
12 3 a4 5 7 _‘7
0010 yypx
(0254
0150 -0.157
- {3 810—3.989)
_ 0 053 —0.069
S R e
B° MAX TYP 0.004 -0 010
ALL LEADS {0.102—-D 254)
L—j SEATING ,#__*
PLANE —f
0008 -0.010 ? 1 ) 4,] ' ‘ 00140020
{0 2030 754) | 00160050 O3 e - > soosew
TYP ALL LEADS 0004 {0 4061 270) i 0 008
Wiz TYP ALL LEADS eyl
ALL LEAD TIPS M1AAREY Hy
14-Lead Small Outline Integrated Circuit JEDEC SOIC (M)
Order Number 74VHC04M, 74VHC04MX, 74VHCT04M or 74VHCT04MX
NS Package Number M14A
- b3ga-042 00
{10.01-1021)
| é ﬁ 12 11 10 é é
—
o_go 0.205-0.319 0.205-0.213
0 T43-8.303) E207-5410)
Q
0.016 -0.031 4 5 8 7
0.406-0.787)
DETAILF
Ll 0.067 - 0.083
0.006 - 0.010 RG] {1.702-2.108)
{0.152-0.254) *
y / N
|\ f '
SEATING PLANE
B ¥ $
oM T 0050
2" {127 0.000-0.010
001 {0000 - 0.254)
SEE DETAILF o o soe)
M14D (REV A)
14-Lead Small Qutline Package—EIAJ SOIC (SJ)
Order Number 74VHC04SJ, 74VHC045JX, 74VHCT04SJ or 74VHCT04SJX
NS Package Number M14D
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Physical Dimensions inches (millimeters) (Continued)

5.0£0.2

10n1enl

O
LR

5.5 MAX 6.410.3 |
j_ 0.15%8 8
1.2£0.2 0.102342 TYP 41 1
| 1t /1 ¥
f . [&S[0.1] )
0.55 TYP — ~C- —»| | 0.45£0.20 TYP
0.65 TYP _.r-L_ —»{}«—0.2210.10 TYP
CENHCISECIES] sors Gev)

14-Lead Plastic EIAJ SSOP Type | (MSC)
Order Number 74VHC04MSCX or 74VHCT04MSCX

i |
111

T It
042 TYP 4—1
065 TYP

LAND PATTERN RECOMMENDATION

GAGE PLANE

44201 I 025
: S ; : SEATING PLANE
go-g° o601
I oeva
1 7 [~T0.2]CfB]A] SEE DETAL D TYPICAL
ALL LEAD TIPS AlL
-

(0.90) - /_

[0.1] [ |

’
1
t [
1 MAX TYP '\
\\

/

= [
ALL LEAD TIPS m
1
010 £ 0 D5 TYP

B s |
019 - 030 TYP
[$—|013®|A|B©|C©|

14-Lead Plastic EIAJ TSSOP Type | (MTC)
Order Number 74VHCO4MTC, 74VHCO4MTCX, 74VHCTO4MTC or
NS Package Number MTC 14

.&_L
0 09-0 20 TYP ]-

MIC14 (REV B)

74VHCTO4AMTCX

M 6501122 0080460 98L IN




LIFE SUPPORT POLICY

SEMICONDUCTOR CORPORATION. As used herein:

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

'
@ . . .

4+ | Physical Dimensions inches milimeters) (Continued) Lit. # 118004-002
o

E - e 0.080 [e— 0.385 MAX—

-— 0.050 .

* 0.045_f o] 0.050 £ 0.005 —| <= 0.005 MIN TYP

' 0-‘%% TYP ->|

T 1 | | 8 f

g 1Rt 0.370

= il 0.250

o i

I -

3 H 0.280 MAX 0.260 .

~ 1 sss . P 0.235

; l [ 0.012
o L ] —1 0.008
XL DETAIL A —/l ' 0.370 DETAIL A

> 0.250

< PIN #1 '

w IDENT ;

[ J

< gggg_» e gg}g TYP —-J L— Fe— ?§g45 MAX W14B (REV J)
o TYp

O

I 14-Lead Cerpack (F)

> Order Number 54VHC04W/883 or 54VHCT04W/883

T NS Package Number W14B

I~

~,

O

- -

>

T

nHn

NATIONAL’'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL

2. A critical component is any component of a life
support device or system whose failure to perform can
be reasonably expected to cause the failure of the life
support device or system, or to affect its safety or
effectiveness.

to the user.
Nationat Semiconductor National National National Mational Semiconductores Nationat Semiconductor
Corporation GmbH Japan Lid. Hong Kong Ltd. Do Brazit Ltda. (Austratia) Pty, Ltd.
2900 Drive 10 Chemical 13th Floor Straight Block Av Bng Fana Lma 1409 16 Business Park Dr
PO Box 58090 $-82256 Furstenfeldoruck  Engineenng Center Ocean Centre 5 Canton Rd 6 Andar Notting HIll VIC 3168
Santa Clara, CA 95052-8090  Germany Bidg 7F Teumshatsut Kowloon Cap-01451 Paulistano, Austrahia
Tel 1(800) 272-9959 Tel (0-81-41} 103-0 1-7-1, Nakase, Mihama-Ku Hong Kong 8ao Paulo, SP, Braal Tel {3) 558-9999
TWX (910) 339-9240 Telax 527649 Chiba-Cy, Tel {852) 737-1600 Tel (55-11) 212-5066 Fax (3) 558-9998
Fax (0-81-41) 10-35-06 Ciba Prefecture 261 Telex 51292 NSHKL Telex 391-1131931 NSBR BR
Tel {043) 299-2300 Fax (852) 736-8960 Fax {55-11) 212-1181
Fax (043) 209-2500
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