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CMOS Logic IC AC/ACT
(Advanced) Series-Product
Overview

Outline:

CMOS Logic ICs AC/ACT series has the feature of high speed operation (up to 90 MHz) and high
output current (£24 mA).

This product group is suitable for bus interface applications that require high current drive
capability and so on.

This document provides an overview of the product, part numbering method, maximum ratings,
electrical characteristics, and measurement methods.
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1. General

1.1. General

This document describes the AC series of C2MOS™ Logic ICs.

The AC series is indicated by the red frame in Figure 1.1.

This series realizes high-speed switching by silicon gate and double-layer metal wiring CMOS
technology. Also, since the AC series has a high output current (24 mA), it is suitable for
transmission line drivers.

The package lineup is wide, from DIP package to ultra-compact US package.

Faalest Input /
Tal it A s J
IT‘I:L;::DEUEJUTZ tpd=6.5ns : High speed/
ronon racx g Lo vanage
- 5 Input/ | 3
E i ] Output (bl | TC7AVHCT ,74VHCT
E Input/ A= Gl | | TCTAVHCV , 74VHCV
>  Qutput Poacy  vHov B :
z Tolerant ! : : | | TCTAVHC , 74VHC
o ¢ Input tpd=86ns . | TCTAVHCO , 74VHCO
c Fast ¢ Tolerant | _
g [ e RN R .
: \
o . . ; | TCT4ACT I
E oL A |
£ |o.o.-.. SN = e —.
EXCE : ; :
oracr
. =2 tpd=23ns | TCT4HC
- essv T B
tpd=65ns o i TCA4000B
Slow . @5.0v. |  TC4500B
B B
| ! | ! | ! | ! | ! | |
12 1618 36 4.5 55
1.0 20 30 4.0 50 6.0 18

Supply Voltage (V)

1.2. Features
1.2.1. High Speed

Propagation Delay Time tp n/tpHL Of Gate function: 3.5 ns (@Vcc = 5V, typ.)
Maximum Clock Frequency of Flip-Flop: 150 MHz (@Vcc =5V, typ.)
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1.2.2. Interface Capability

The AC/ACT series adopts an input protection circuit with diode from input terminal to power
supply side. Therefore, please use this series within the supply voltage.

STD series VHC/VHCT series
AC/ACT series VHC9/VHCV series
HC/HCT series LCX/VCX series

it > —— Vpp or Ve :————b Vee
I | Ik
1 1
1 1
= X :J
'—
Input : Input
3 j
m

When the input voltage is higher
than the power supply voltage,
input current Iy flows.

Even if the input voltage is higher
than the power supply voltage,
input current Iy does not flow.

Figure 1.2 Input Equivalent Circuit for Each Series

STD series
AC/ACT series VHCT/VHCV series
HC/HCT series LCX/VCX series

VHC/VHC9 series

A
1
1

Vee
X
| Tok
- | I
—

P ]
3—?—0 Output Jj—ro Output
11

When the output voltage is higher than the
power supply voltage, output current I does
not flow, regardless of whether high-impedance
state or the power supply voltage is applied.

VDD or VCC

F=m-——-»

Figure 1.3 Output Equivalent Circuit for Each Series

Table 1.1 Voltage Applicable to I/0 Terminals

AC/ACT
Input Voltage Range
(Operation) 0to Vcc
(Power Down) 0 (Note 1)
Output Voltage Range
(Output Enable) 0to Vcc
(Output Disable) 0 to Vcc
(Power Down) 0 (Note 1)

Note 1: Voltage cannot be applied
1.2.3. Standard Output Current

+24 mA (Able to drive 50 Q transmission line)
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2. Method of Designating CMOS Logic ICs
2.1. Part Naming Conventions

TC (2) (3) |1 4 ])
TC74| (1) (2) 3) [ & )
741 (1) (2) 3) [ &) |)

Figure 2.1 Part Naming Conventions
(1) Series, (2) Function, (3) Package, (4) Packing Method

(Example) TC74VCXO08FT(EL)
(1) VCX Series, (2) 08 Function, (3) Plastic TSSOP Package, (4) Embossed tape and reel
(1) Series Definition

Table 2.1 shows each series and the input level.
Table 2.1 Series Definition

Series Definition

Blank STD series

HC CMOS level input of HC series
HCT TTL level input of HC series

AC CMOS level input of AC series
ACT TTL level input of AC series
VHC CMOS level input of VHC series

VHCT TTL level input of VHC series

VHC9 Schmitt circuit-type input of VHC series

Schmitt circuit-type input of VHC series

VHCV Capable of handling twice as much output current as other products in VHC series.
LCX TTL level input of LCX series
VCX TTL level input of VCX series

(2) Function
The function number is represented by 2 to 8 alphanumeric characters.
Function numbers are common for all series.

(3) Package Type
Package classification is common for all series.

P--- Dual in-line package (DIP) 14/16/20 pin
F--- 200-mil small-outline package (SOP) 14/16/20 pin
D--- 150-mil small-outline package (SOIC) 14/16/20 pin
FT--- Thin shrink small-outline package (TSSOP) 14/16/20/48 pin
FK--- 300-mil small-outline package (US) 14/16/20 pin

(4) Packing Method
Please refer to the Toshiba web page. (URL: https://toshiba.semicon-storage.com/ap-en/top.html)
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3. Explanation of Ratings and Standards

The tables below show common ratings and electrical characteristics for the AC/ACT series.
When the ratings and electrical characteristics are different from these of individual data sheets,
the latter take precedence.

For the meanings of the parameters, please refer to the glossary at end of this document.

3.1. Absolute Maximum Ratings

In general, absolute maximum rating values should not be exceeded, in order to guarantee the
life and reliability of integrated circuit products.

Absolute maximum ratings should not be exceeded, even for a moment.

When a device is used in excess of any absolute maximum rating, it may not recover and, in
many cases, permanent damage will occur.

Table 3.1 shows the common absolute maximum ratings for the AC/ACT series.

Table 3.1 Absolute Maximum Ratings

Characteristics Symbol Rating Unit
Supply voltage range \Yele: -0.5t07.0 \%
DC input voltage VIN -0.5to Vcc+0.5 \%
DC output voltage VouTt -0.5to Vcc+0.5 \%
Input diode current lIK +20 mA
Output diode current IoK +50 mA
DC output current louTt +50 mA
DC Vcc/ground current Icc +100 (Note 1) mA
Power dissipation PD 5001(8%' i’)oirl:leort)e 2) mw
Storage temperature Tstg -65 to 150 °C

Note 1: For device with more than four outputs, the maximum rating equals the
number of outputs multiplied by 25.

Note 2: 500 mW in the range of Ta = -40 to 65°C. From Ta = 65 to 85°C a derating
factor of -10 mW/°C shall be applied until 300 mW.

© 2018-2021 7 2021-01-31
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3.2. Operating Ranges
These are the conditions under which the operation of the AC series devices is guaranteed.
When any of these values is exceeded, operation is not guaranteed, even if the value is still within
the absolute maximum rating in Table 3.1.
Unused input terminals must be connected to either Vcc or GND.
Tables 3.2 and 3.3 show the common operating ranges for the AC/ACT series.

3.2.1. AC Series
Table 3.2 Operating Ranges (AC Series)

Characteristics Symbol Rating Unit
Supply voltage Vcc 2t055 \%
Input voltage VIN 0to Vcc \%
Output voltage VouTt 0to Vcc \%
Operating temperature Topr -40 to 85 °C
. . 0 to 100 (Note 1)
Input rise and fall time dt/dv 0 to 20 (Note 2) ns/\V
Note 1: Vcc=3.3+03V
Note 2: Vcc=5£0.5V
3.2.2. ACT Series
Table 3.3 Operating Ranges (ACT Series)
Characteristics Symbol Rating Unit
Supply voltage Vcc 4.5 105.5 \%
Input voltage VIN 0to Vcc \%
Output voltage VouTt 0to Vcc \%
Operating temperature Topr -40 to 85 °C
Input rise and fall time dt/dv 0to 10 (Note 1) ns/\V
Note1: Vcc=5+0.5V
© 2018-2021 8 2021-01-31
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3.3.

DC Characteristics

Tables 3.4 and 3.5 show DC characteristics for the AC/ACT series.

3.3.1. AC Series
Table 3.4 Characteristics (AC Series)
Test Condition Ta =25°C Ta =-40t0 85°C
Characteristics | Symbol Unit
Y \é\C/)C Min Typ. Max Min Max
20 | 150 - - 1.50 -
High-level input ) ) )
voltage VIH - 30 | 210 2.10
55 3.85 - - 3.85 -
\Y
Low-level input 20 ) ) 0.50 ) 0.50
voltage ViL - 3.0 - - 0.90 - 0.90
5.5 - - 1.65 - 1.65
2.0 1.9 2.0 - 1.9 -
IOH = -50 A 3.0 2.9 3.0 - 2.9 -
High-level Vo VIN 45 4.4 45 - 4.4 -
output voltage =VIHOrVIL |04 = -4 mA 3.0 258 - - 2.48 -
IOH = -24 mA 4.5 3.94 - - 3.80 -
IoH=-75mA (Note 1) | 5.5 - - - 3.85 - v
2.0 - 0.0 0.1 - 0.1
loL = 50 pA 3.0 - 0.0 0.1 - 0.1
Low-level VoL |VIN 4.5 - 0.0 0.1 - 0.1
output voltage =VIHOrVIL {154 =12 mA 3.0 - - 0.36 - 0.44
IOH = 24 mA 45 - - 0.36 - 0.44
I0H = 75 mA (Note 1) 55 - - - - 1.65
3-state output VIN = VIH or VIL
off-state current oz VOUT = Vcc or GND 55 i i 0.5 i 5.0 WA
Input leakage —
current lIN VIN = Vcc or GND 55 - - 0.1 - 1.0 MA
Quiescent _ ) ) )
supply current Icc |VIN=Vccor GND 5.5 8.0 80.0 | pA
Note 1: This spec indicates the capability of driving 50 Q transmission lines.
One output should be tested at a time for a 10 ms maximum duration.
© 2018-2021 9 2021-01-31
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3.3.2. ACT Series
Table 3.5 Characteristics (ACT Series)
o Test Condition Ta=25°C Ta =-40~85°C )
Characteristics | Symbol - - Unit
vce (V) | Min Typ. Max Min Max
High-level input ) - ) ) )
voltage VIH 45~55 | 20 2.0 y
Low-level input B
voltage VIL - 45~55 - - 0.8 - 0.8
High-level outout v IOH = -50 pA 45 4.4 45 - 4.4 -
igh-level outpu IN - - - -
voltage VOH |2 VIH or VIL IOH = -24 mA 45 3.94 3.80
IOH = -75 mA (Note 1) 55 - - - 3.85 - v
Low-level outout v loL = 50 pA 45 - 0.0 0.1 - 0.1
ow-level outpu IN - - ; -
voltage VoL |Z VIH or VIL oL =24 mA 45 0.36 0.44
oL = 75 mA (Note 1) 55 - - - - 1.65
3-state output VIN = VIH or VIL
off-state current 10Z  1\/6uT = Vee or GND 55 - - 0.5 . 5.0 | PA
Input leakage —
current IIN |VIN=VccVor GND 0to55 - - 0.1 - +1.0 | pA
Icc |[VIN=Vcc or GND 55 - - 8.0 - 80.0 | pA
iescent suppl
CQuurlrem upPPYy lccT Perinput: VIN = 3.4V 55 i i 135 i 15 |ma
Other input: Vcc or GND ' ’ ’
Note 1: This spec indicates the capability of driving 50 Q transmission lines.
One output should be tested at a time for a 10 ms maximum duration.
© 2018-2021 10 2021-01-31
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4. Explanation of Symbols Used in Data Sheets
4.1. How to Read a Truth Table

Table 4.1 Definition of Symbols Used in Truth Tables

SYMBOL DEFINITION
H High level (indicates stationary input or output)
L Low level (indicates stationary input or output)
f Indicates leading edge changing from L to H.
1 Indicates leading edge changing from H to L.
X Don't care (either H or L)
Z High-impedance state
a---h The level of the parallel inputs A to H (either H or L).
Qo Level of Q just before input condition indicated in truth table
Qn Level of Q just before input active edge ( f or } )
L One H-level pulse
I One L-level pulse

4.2. AC Characteristics

The AC characteristics of datasheets specify the transient characteristics.

Figure 4.1 shows measuring circuit. Figures 4.2 and 4.3 show I/0 switching waveforms.

(Condition of input waveform: The amplitude range is between Vcc and GND, and rise and fall
times are 3 ns.)

To ensure normal functioning of the device, the following timings must be adhered to.

GND

=2 Vccx2

RL
Measurement To output Measurement (,=50pF
point terminal point R1,=5000

RL CLI Ry,

To output
terminal

Cy

J

3-State Output CMOS Output

Note: CL includes the probe capacitance.

Figure 4.1 Measuring Circuit of Output
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4.2.1. I/0 Switching Waveforms of AC Series

1) tpLH,tpHL

t, 3ns —:-T =1ty 3ns
90% !N VCC
INPUT / 50% N
4 10% |} GND
v
INVERTING - o
OUTPUT N
] toHL o fotH | VoL

2) tWy tSy th; trem

t; 3ns | —1 ty 3ns v
cC
CLOCK i 7/ 920%
INPUT ; | b (H) 10% GND
t, (FI) | th (L) .
Vv
DATA \ <o o
INPUT
\ GND
£ (L)
Von
OUTPUT 0.5Vae
trem | ton toHL VoL
Vi
CLEAR oot e
or PRESET GND
Active | Inactive state

state

3) tpLz, tpHZ, tpzL, tpzH

ty 3ns t¢ 3ns 5
OUTPUT ‘ ;Em% 90%‘\ ee
DISABLE 10% GND
tpLZ thL
I Vou
OUTPUT:  — OH
LOW TO OFF TO LOW : \”
—t /] 02V VoL (#GND)
tpHz tpzH
gy
OUTPUT: 0.8Vao Jo=— e i)
HIGH TO OFF TO HIGH ¥ Ao o
oL
OUTPUTS OUTPUTS OUTPUTS
ENABLED DISABLED ENABLED

Figure 4.2 I/0 Switching Waveforms of AC Series
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4.2.2. 1I/0 Switching Waveforms of ACT Series

1) oL tpHL tp  3ns —» — tp dns
I 1 90% 3.0V
f- l! 1.5V
—_— ] N 109%
INPUT GND
Vou
INVERTING
0.5Vee
OUTPUT /
VoL
toHL toLn
2) tw, s, th, trem
tr 3nsg —»
3.0V
CLOCK
INPUT _
tyy (H) |
th (L)
DATA \ o /h 3.0V
INPUT g
" \ GND
ts(F) | ts (L)
Vou
OUTPUT 0.5Vee
v
tpLH toHL OL
trem t
3.0V
CLEAR
or PRESET JA‘ 15V
Active Inactive state GND

State

3) tpLz, tpHz, tpzL, tpzH

tr 3ns — <— t; 3ns
OUTPUT }- { 90% ald
1.5V

| \
DISABLE / L 10% eND

tpoLz fpzL

Von
OUTPUT : / \ 0.5Vcc
LOW TO OFF TO LOW 0.2Vee \—_

L./ VoL (#GND)
fphz toz
M. 08V Vou (#Vge)
OUTPUT: 8Vqe A -
HIGH TO OFF TO HIGH Y s
OUTPUTS OUTPUTS OQUTPUTS
ENABLED DISABLED ENABLED

Figure 4.3 I/0 Switching Waveforms of ACT Series
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4.3. Standardized Measuring Procedure for Power Dissipation Capacitance

Measurements for all devices are under the conditions of “Vcc = 5.0 V" and “Ta = 25 deg C".
And a relatively high frequency, about 1 MHz, is used for measurement of power consumption,
because if a device is tested at a high enough frequency, the contribution of the DC supply current
to the overall power consumption will be negligible and can be ignored. Devices with 3-state
outputs are measured in the enabled state.

In the case of devices that have several circuits in the same package (e.g., ACO4: Hex inverter,
AC74: Dual D-F/F etc.), only one circuit is measured and the result is shown on the datasheet as
the Cpq per circuit.

In the case of devices that contain several circuits in the same package operating
simultaneously from the same clock signal (e.g., ACT574: Octal D-F/F etc.), the Cpq can be

obtained by measuring either the Cpq of the device with only one output active, or the Cpq with all

device outputs active.
The pin states for each IC are listed in the table.

© 2018-2021 14 2021-01-31
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Cpp Measuring Condition

Table 4.2 Cpp Measuring Condition

Type
No.

Pin
No.

14 15 16 17 18 19 20 21 22 23 24

00

02

04

05

08

14

32

74
138
161
163
164
166
240
244
245
273
273
540
540
541
541
573
573
574
574
640

1*
8*
1*
8*
1*
8*
1*
8*
1*
8*

IrrrHrC-CrCIITIZIrrO0II I 9vIvUoowowwo ok

O 0O
< <<

TOO0OO0O0 U IO TV U OO0 UVUOU IUXIoorOroOImxmoOowIN
XOXOXTXTTXOOXOO0OXOXXr nv0OXxXO0OXXr Ofw
XO X0 X TXTXOXXXNXXOXXrIxXOoOxxXoooxk
X O X O XTXTXOOXOOXOXXTrONXXX XXX
XOXOXTXTXOOXXXrOXXXTITOOOOOOOXOoP
XOXOXTXITVXOXXO0O0TOHIIONOOO-O-OOAON
XOXOXTXTXOXXXXEOOUTVOOOOOOOOOXOOm
XOXOXTXTXOOXOOIIIIOOXNXXNXNXNXXX
OOO0OOOOOOOOOOOOXOIIOXXXOXOOOoXx|5
O T T UuvO0O00TUTOXXXOOO0OXO0OXOXXXXxolR
O000000000O0000OX0O0O0O0OXXO0OXO0OO0XxXX[S
O00000000O0XOXX0O000O0 X XXXXXxXO0Xx[
O00000000OX0O00OX<K0OO0oO0oOKK <K<K <K<K LK<

OO0 0000000000 X XTI
OO0 000000000000
OO0 00000000 X O XX
OO0 0000000 X0OO0O0
—roOoOo0O0OrrrrOO0r XX
<K KKK KKK KKK KL <

*: Number of active outputs

-Explanation of symbols-
V=Veg(+5.0V)
G=GND(0V)
H=Logiel(Vg()
L=TLogic 0 (GND)
X=Don't care. V(¢ or GND (but not switching)
R=1.0 kQ} pull-up resistor connected between the IC and a 5-V power supply other
than V.
O=0pen
P=50% duty cycle input pulse (shown below)
Q=50% duty cycle half-frequency out-of-phase input pulse (shown below)

Vee

SR GND

Vee

—— b GND

Input Pulse Waveforms
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5. Other Electrical Characteristics

5.1. Power Dissipation

The power dissipation is given by the sum of the quiescent supply current and the dynamic
operating current. Therefore, it can be obtained from the following equation:

Pp = Cpp*finVec?+CL+fout*Vec® +Hce Vee

Crep : Power Dissipation Capacitance
CL : Load Capacitance

fin : Input Frequency

fouT : Output Frequency

In the case of CMOS ICs, if inputs are held at Vcc or GND, either the N-ch MOS or the P-ch MOS

turns off. As a result, the quiescent supply current from Vcc to GND is just a few nA at room
temperature.

Therefore, the quiescent supply current increases in direct proportion to the power supply
voltage and increases exponentially with the temperature.

The dynamic power dissipation of CMOS ICs is calculated by summing the switching currents
and the through currents. The switching currents are due to the charging and discharging of each
gate capacitance, when the gate in the circuit that includes the output buffer inverts, and the
through currents flow from Vcc to GND when the P-ch MOS and the N-ch MOS that constitute the
gate turn on briefly at the same time during inversion time.

When the rise and fall times of the input signal are small (a few ns), the through current in the
gate is negligible compared with the switching current. Thus the dynamic supply current is
determined by the internal capacitance of the IC and the charging and discharging currents of the
load capacitance (Cp).

However, in specific applications such as crystal oscillators, supply current characteristics

depend on the through current, and the result calculated using Cpp cannot be used.
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5.2. Output Current Characteristics

Regarding the output current characteristics of the AC series, the following is guaranteed over

the entire operating temperature range: Vcc-Von = 0.70V, VoL = 0.44 V.

Figure 5.1 shows the supply voltage versus output current characteristics for a typical device at
25 deg C.

Note: The variation in output current at low supply voltages is large compared with that at 4.5

V.
Vou-Vec(V)
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150 / Vee=3V_ " / -50
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Figure 5.1 Standard Output Current Characteristics
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5.3.
5.3.1.

AC Electrical Characteristics

Load Capacitance Dependence

Figure 5.2 shows the dependence of load capacitance on propagation delay time at supply

voltage of 3.0 Vand 4.5 V.

Propagation Delay Time fpLH , fpHL (ns)

AC00 (Ta=25°C)

Vee=3.0 , 4.5V
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— tpH
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Figure 5.2 Dependence of Load Capacitance on tp,.1 and tpu (Typical Characteristics)
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6. Glossary of CMOS Logic IC Terms

6.1. Absolute Maximum Ratings

Parameter Symbol Definition
Supply voltage Vpp - Vss | The rated voltage of the power supply terminal at which an IC will
Vce not suffer breakdown, deterioration of characteristics, or reduced
reliability.
Supply voltage Vpp - Vee |The rated voltage across the Ve, Vpp and Vee terminals at which an

Vce - Ve | IC will not suffer breakdown, deterioration of characteristics, or
reduced reliability.

Input voltage VIN The rated voltage of the input terminal at which an IC will not suffer
breakdown, deterioration of characteristics, or reduced reliability.

Output voltage Vout The rated voltage of the output terminal at which an IC will not
suffer breakdown, deterioration of characteristics, or reduced
reliability.

Switch I/0 voltage Vi/0 The rated voltage across the input and output terminals at which an

IC will not suffer breakdown, deterioration of characteristics, or
reduced reliability.

Input diode current Ik The rated current of the input terminal at which an IC will not suffer
breakdown due to latch-up.

Output diode current Tok The rated current of the output terminal at which an IC will not suffer
breakdown due to latch-up.

Output current Tout The rated current that can flow through one output terminal.

Switch through current It The rated current between the input and output terminals of a
switch at which an IC will not suffer breakdown, deterioration of
characteristics, or reduced reliability.

Vce/ground current Icc The rated current between the power supply and ground terminals
at which an IC will not suffer breakdown, deterioration of
characteristics, or reduced reliability. As Vcc / ground current
includes output current, substantial Vcc / ground current can flow in
an IC having multiple output terminals.

Icc / Ienp

Power dissipation Po Power consumption that does not cause IC breakdown over the
entire operating temperature range.

Storage temperature Tstg The ambient temperature range over which no deterioration of
characteristics or reliability occurs when an IC is stored for a long
period of time or is transported with no supply voltage present.
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6.2. Operating Ranges

Parameter Symbol Definition

Supply voltage Vpp The supply voltage range over which the normal operation of an IC is
Ve guaranteed.
VEE

Vop - Vet
Vee - VEee

Input voltage VIN The input voltage range over which the normal operation and
electrical characteristics of an IC are guaranteed.

Output voltage VouTt The output voltage range over which the normal operation and
electrical characteristics of an IC are guaranteed.

Switch I/0 voltage Vs The switch I/0 voltage range over which the normal operation and
Vi/0 electrical characteristics of an IC are guaranteed.
Output current Tout The maximum output current at which the normal operation and
Ion , IoL |electrical characteristics of an IC are guaranteed.
IoL
Input rise and fall times tr, tr The ranges of rise and fall times of an input signal that will not cause

dt/dv malfunction due to oscillation of the output.

External capacitor Cx The external capacitance range over which the normal operation and
electrical characteristics of a multivibrator IC are guaranteed.

External resistor Ry The external resistance range over which the normal operation and
electrical characteristics of a multivibrator IC are guaranteed.

Operating temperature Topr The operating temperature range over which the normal operation
and electrical characteristics of an IC are guaranteed.
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6.3.

leakage current

Electrical Characteristics
* BRIFESERG T ICEBVWTRESINF T,
Parameter Symbol Definition

High-level input voltage VIH The input voltage at which input of an IC is driven to the High level.

Low-level input voltage Vi The input voltage at which the input of an IC is driven to the Low
level.

Positive threshold voltage Vp The input threshold voltage at which a Schmitt-trigger input is
driven to the High level.

Negative threshold voltage VN The input threshold voltage at which a Schmitt-trigger input is
driven to the Low level.

Hysteresis voltage VH The difference between the positive and negative threshold voltages
of a Schmitt-trigger input.

High-level output voltage VoH The voltage that appears at the output when either VIH or VIL is
applied to each input terminal such that the output is set to the High
level.

Low-level output voltage VoL The voltage that appears at the output when either VIH or VIL is
applied to each input terminal such that the output is set to the Low
level.

Power-off leakage current Torr The leakage current that flows into an IC via input and output
terminals when the power supply is off.

Input leakage current Iin The leakage current that flows through the input terminal when a
voltage is present at the input terminal of an IC.

Output off-state leakage Ioz The leakage current of an IC with an open-drain output that flows

current through the output terminal when it is in the high-impedance state.

Output leakage current IopD The leakage current that flows into an IC via the output terminals

(Power-off) when V¢ is in the off state (Vcc = 0 V)

3-state output off-state Ioz The leakage current of an IC with an open-drain or three-state

output that flows through the output terminal when it is in the
high-impedance state.
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between switches

Parameter Symbol Definition
Input/output leakage current Torr The leakage current that flows through an IC from the input
(Switch off) terminals to the output terminal when the power supply is off.
Input/output leakage current Iio The leakage current that flows from the input terminal to the output
(Switch on) terminal in the switch-on and open-output states.
Control input leakage current IiN The leakage current that flows through the control input terminal of
an IC when a voltage is applied to the terminal.
RX/CX terminal off-state Iin The current that flows through the RX/CX terminal of a multivibrator
current IC when a voltage is applied to the terminal.
T2 terminal input leakage Iin The current that flows through the T2 terminal of a multivibrator IC
current when a voltage is applied to the terminal.
Quiescent supply current Icc The current that flows into an IC via the V¢ terminal when the Vcc
or ground level is held constant without changing the input voltage.
Alcc The current that flows into an IC via the V¢ terminal when Ve
- 0.6 V is applied to one input terminal.
IceT The current that flows into an IC with TTL-level input via the Vcc
terminal when a TTL-level voltage is applied to one input terminal.
Active-state supply current Icciopry |The average current that flows in the no-load condition between the
(per circuit) power supply and ground terminals due to an internal circuit
operation.
On-resistance Ron The resistance between the input and the output of an analog
switch, multiplexer or demultiplexer IC in the switch-on state.
Difference of on-resistance ARoN The difference in on-resistance between different input-output pairs

of an analog switch, multiplexer or demultiplexer IC.
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Parameter Symbol Definition

Minimum pulse width tw(H) The minimum pulse width that is accepted at a clock input, etc. as a

tw(L) normal pulse.

Minimum setup time ts The time interval during which data must be stable before the
associated input (e.g., clock) changes. For example, when data is
latched on the rising edge of a clock pulse, it is necessary to apply
data at least ts before the rising edge of the clock.

Minimum hold time th The time interval during which data must be stable after the active
transition of the associated input (e.g., clock).

Minimum removal time trem The minimum time between the release of an asynchronous input
(e.g., Clear, Preset) and the application of the next input (e.g.,
clock).

Minimum retrigger time ter The minimum time necessary for a multivibrator IC to accept the
next trigger signal after having received one.

Output transition time trH The rise and fall times of the output voltage. tyy is the time from

tTHL 10% to 90% when the output transitions from Low to High, and tty.

is the time from 90% to 10% when the output transitions from High
to Low.

900/0/C Vor
Output 10% /-
voltage VoL
treH
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Parameter Symbol Definition
Propagation delay time tpLH The delay time between the application of an input signal and an
tpHL output response. tp H is defined as the time required for an output to

Z50%

A\

Toshiba Electronic Devices & Storage Corporation

Input 50%
voltage / n
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Parameter Symbol Definition
Output enable time tpLz The output enable time is defined as the delay time required for a
Output disable time tpHz three-state terminal to be driven High or Low after the output
tozL control terminal is set to an inactive level. The output disable time is
tpzH defined as the delay time required for an output terminal to assume
the high-impedance state after the output control signal is set to an
active level.
HC/VHC series
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Parameter Symbol Definition

Propagation delay time Atpp For counter ICs, the delay time defined for an IC from when the Qn

output is inverted to when the next output (Qn+1) is inverted.

Output pulse width twouT For multivibrator ICs, the width of the output pulse generated when

a prescribed external component is connected and a prescribed
voltage is applied.

Output pulse width error Atwout | For multivibrator ICs, a difference in output pulse width between two

between circuits circuits in the same package.

(in the same package)

Output skew tosLH Differences in propagation delay time among output terminals when
tosHL some outputs in the same package change from the Low level to the
¢ High level, from the High level to the Low level, or from the

oszL high-impedance state to the Low level.

Phase difference between ®1/0 For analog switch, multiplexer and demultiplexer ICs, the delay time

input and output from the input to the output when a signal is applied to the input in

the switch-on state.

Clock frequency f The clock frequency at which an IC operates.

Maximum clock frequency fmax The maximum clock frequency at which the IC operates normally.

Maximum frequency response fmax@/o) |For analog switch, multiplexer and demultiplexer ICs, the maximum

Phase difference between fmax input frequency that the signal can transmit to the output in the

input and output switch-on state.

Input capacitance Cin The capacitance between the input and ground terminals.

Control input capacitance CiN For analog switch, multiplexer and demultiplexer ICs, the

capacitance between the control input and ground terminals.

Common terminal capacitance Cis For analog switch, multiplexer and demultiplexer ICs, the

capacitance between the common and ground terminals in the off
state.

Switch terminal capacitance Cos For analog switch, multiplexer and demultiplexer ICs, the

capacitance between the switch and ground terminals in the off
state.
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Feedthrough capacitance Cios For analog switch, multiplexer and demultiplexer ICs, the
capacitance between the switch and common terminals in the off
state.

Bus I/0 capacitance Cio The capacitance between the bus and ground terminals.

Power dissipation capacitance Crp The equivalent internal capacitance of a device calculated by
measuring the operating current in the no-load condition.

Output capacitance Cout The capacitance between the output and ground terminals for a
three-state or open-drain output in the high-impedance state.

Sine Wave Distortion THD For analog switch, multiplexer and demultiplexer ICs, the distortion
rate of the sine wave that is output when a sine wave is input in the
on state.

Feed-through attenuation FTH For analog switch, multiplexer and demultiplexer ICs, the ratio of the

(switch off) leakage voltage that appears at the output to the input voltage
applied in the off state

Crosstalk Xtalk For analog switch, multiplexer and demultiplexer ICs, the leakage

(control input to signal output) voltage of a signal to the input and output that occurs when the
control input changes.

Crosstalk Xtalk For analog switch, multiplexer and demultiplexer ICs, the ratio of the

(between any switches) voltage applied to a switch (port) in the on state to the voltage that
appears at a switch (port) in the off state

Quiet output maximum VoLp The maximum peak voltage induced into an output that is fixed at

dynamic Vo, the Low level when the other outputs are switching simultaneously.

Quiet output minimum VoLv The minimum peak voltage induced into an output that is fixed at the

dynamic Vo, IVoLvl Low level when the other outputs are switching simultaneously.

Quiet output minimum VoHv The minimum peak voltage induced into an output that is fixed at the

dynamic Von High level when the other outputs are switching simultaneously.

Minimum high-level dynamic V1iHD High-level dynamic threshold voltage when all inputs are switching

input voltage simultaneously

Maximum low-level dynamic VIiLD Low-level dynamic threshold voltage when all inputs are switching

input voltage

simultaneously.
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6.4. Built-in Function

Parameter

Definition

Input tolerant function

A function designed to prevent a current from flowing from an input to the power
supply when the input voltage is higher than the power supply voltage or when
Vee =0 V.

Output tolerant function

A function designed to prevent a current from flowing from an output to the
power supply when the output is in the high-impedance state or when Vec =0 V.

Power-down protection

A function designed to prevent a current from flowing to the power supply
terminal even if a voltage is applied to the input and output terminals when Vcc =
0oV.

Bus-hold function

A function designed to hold the input logic level using a latch circuit even when
the input terminal becomes open.
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and (b) the instructions for the application with which the Product will be used with or for. Customers are solely responsible for all
aspects of their own product design or applications, including but not limited to (a) determining the appropriateness of the use of
this Product in such design or applications; (b) evaluating and determining the applicability of any information contained in this
document, or in charts, diagrams, programs, algorithms, sample application circuits, or any other referenced documents; and (c)
validating all operating parameters for such designs and applications. TOSHIBA ASSUMES NO LIABILITY FOR CUSTOMERS'
PRODUCT DESIGN OR APPLICATIONS.

e PRODUCT IS NEITHER INTENDED NOR WARRANTED FOR USE IN EQUIPMENTS OR SYSTEMS THAT REQUIRE
EXTRAORDINARILY HIGH LEVELS OF QUALITY AND/OR RELIABILITY, AND/OR A MALFUNCTION OR FAILURE OF
WHICH MAY CAUSE LOSS OF HUMAN LIFE, BODILY INJURY, SERIOUS PROPERTY DAMAGE AND/OR SERIOUS PUBLIC
IMPACT ("UNINTENDED USE"). Except for specific applications as expressly stated in this document, Unintended Use includes,
without limitation, equipment used in nuclear facilities, equipment used in the aerospace industry, lifesaving and/or life supporting
medical equipment, equipment used for automobiles, trains, ships and other transportation, traffic signaling equipment,
equipment used to control combustions or explosions, safety devices, elevators and escalators, and devices related to power plant.
IF YOU USE PRODUCT FOR UNINTENDED USE, TOSHIBA ASSUMES NO LIABILITY FOR PRODUCT. For details, please
contact your TOSHIBA sales representative or contact us via our website.

¢ Do not disassemble, analyze, reverse-engineer, alter, modify, translate or copy Product, whether in whole or in part.

e Product shall not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited under any
applicable laws or regulations.

¢ The information contained herein is presented only as guidance for Product use. No responsibility is assumed by TOSHIBA for any
infringement of patents or any other intellectual property rights of third parties that may result from the use of Product. No license
to any intellectual property right is granted by this document, whether express or implied, by estoppel or otherwise.

o ABSENT A WRITTEN SIGNED AGREEMENT, EXCEPT AS PROVIDED IN THE RELEVANT TERMS AND CONDITIONS OF SALE
FOR PRODUCT, AND TO THE MAXIMUM EXTENT ALLOWABLE BY LAW, TOSHIBA (1) ASSUMES NO LIABILITY
WHATSOEVER, INCLUDING WITHOUT LIMITATION, INDIRECT, CONSEQUENTIAL, SPECIAL, OR INCIDENTAL DAMAGES
OR LOSS, INCLUDING WITHOUT LIMITATION, LOSS OF PROFITS, LOSS OF OPPORTUNITIES, BUSINESS
INTERRUPTION AND LOSS OF DATA, AND (2) DISCLAIMS ANY AND ALL EXPRESS OR IMPLIED WARRANTIES AND
CONDITIONS RELATED TO SALE, USE OF PRODUCT, OR INFORMATION, INCLUDING WARRANTIES OR CONDITIONS OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, ACCURACY OF INFORMATION, OR NONINFRINGEMENT.

e Do not use or otherwise make available Product or related software or technology for any military purposes, including without
limitation, for the design, development, use, stockpiling or manufacturing of nuclear, chemical, or biological weapons or missile
technology products (mass destruction weapons). Product and related software and technology may be controlled under the
applicable export laws and regulations including, without limitation, the Japanese Foreign Exchange and Foreign Trade Law and
the U.S. Export Administration Regulations. Export and re-export of Product or related software or technology are strictly
prohibited except in compliance with all applicable export laws and regulations.

e Please contact your TOSHIBA sales representative for details as to environmental matters such as the RoHS compatibility of
Product. Please use Product in compliance with all applicable laws and regulations that regulate the inclusion or use of controlled
substances, including without limitation, the EU RoHS Directive. TOSHIBA ASSUMES NO LIABILITY FOR DAMAGES OR
LOSSES OCCURRING AS A RESULT OF NONCOMPLIANCE WITH APPLICABLE LAWS AND REGULATIONS.
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