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Outline: 
This document describes applications, functions, operations, and structure of CMOS logic ICs. 
Each functions (inverter, buffer, flip-flop, etc.) are explained using system diagrams, truth 

tables, timing charts, internal circuits, image diagrams, etc. 
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1. Standard logic IC 

1.1. Devices that use standard logic ICs 

Standard logic ICs are used in various types of equipment. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1.1  Examples of equipment using standard logic ICs 

 

1.2. Where are standard logic ICs used? 

Standard logic ICs are often used to interface LSIs such as CPUs and memories. These ICs are used to improve 
the driving capability (buffer), shape the waveform, and adjust the timing of the signal output. Standard logic 
ICs are also used to make minor modifications to the system, because it is easier to use logic ICs than to 
modify the LSI. 
 
The following are examples of the use of standard logic ICs. 
> Oscillation circuit: Inverter (unbuffer) 
> Circuit modification of microcomputer peripheral circuits: NAND, OR, etc. 
> Improvement of driving capability and reduction of output impedance when board trace is long: Buffer 
> Waveform shaping of signals to CPU or memory: Buffer 
> Adjusting the timing of the control signal from the microcomputer: Flip-flop, decoder, etc. 
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1.3. What is a standard logic IC? 

Standard logic ICs are logic circuits standardized in the industry, and their functions and pin arrangements are 
compatible. 
Although there are some exceptions in the case of small packages, compatible packages are available from 
various manufacturers. 
Standard logic ICs have the same function and the same pin arrangement if their function number is the same. 
 
 
 
 
 
 
 
 
 

Figure 1.2  Example of product numbering method11 

 
 
 
 
 

                                                           Figure 1.3  Example of pin assignment 

 
 
 
 
 
 
 
 
 
 

Figure 1.4  Package examples 
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1.4. Classification of standard logic ICs 

Standard logic ICs are mainly classified as follows depending on the product structure (process), and their 
characteristics differ from one another. 
 
■ TTL (Transistor-Transistor Logic) 
TTL is a bipolar logic IC, a product introduced in the early days when standard logic ICs first became popular. 
TTLs are characterized by higher current drivability and higher operating speed than CMOS logic ICs, but 
consume more power. The low-level input voltage VIL(Max) of TTL is 0.8 V, and the high-level input voltage 
VIH(Min) of TTL is 2.0 V. This is called the TTL level. 
 
■ CMOS logic 
CMOS logic ICs consume less power than TTLs. Although the operation speed of CMOS logic in the early days 
was slower than that of TTL, CMOS logic, employing fine processes, now achieves higher speed than that of 
TTL. In typical CMOS logic ICs (VCC = 5 V), the low-level input voltage VIL(Max) is 1.5 V and the high-level input 
voltage VIH(Min) is 3.5 V. Some CMOS logic ICs offer input levels that are compatible with TTL levels. (e.g., 
products with T at the end of the series name, such as VHCT) 
 
■ BiCMOS logic 
BiCMOS logic is a logic IC that uses CMOS processes in the input circuits and logic circuits to reduce power 
consumption and uses bipolar transistors in the output circuits to enable high-current driving. The need for 
both MOS and bipolar processes increases the number of manufacturing processes. 

 
Currently, CMOS logic ICs are the mainstream standardized logic ICs. The following is a description of the CMOS 
logic IC. 
 

1.5. List of basic circuits of CMOS logic ICs (combinational logic circuits) 
 

Table 2.1 shows the logic symbols and logic equations of the combinational logic circuits that are the basis of 
logic circuits. 

Table 1.1  Logic symbols and logic equations of combinatorial logic circuits 
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2. CMOS logic ICs 

2.1. What is CMOS? 

CMOS (Complementary Metal-Oxide-Semiconductor) is a circuit composed of the P-ch MOSFET and N-ch 
MOSFET that operate complementarily. A logic IC using a CMOS circuit configuration is called a "CMOS logic 
IC." 
In this circuit, the gate current flows only when the MOSFET is switched on and off, and the gate current hardly 
flows in the steady state. ICs that use CMOS circuits can form logic circuits that consume less current than in 
the case of TTLs. Figure 2.1 shows the basic circuits (inverters) of CMOS logic ICs. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2.1  Basic inverter circuit 

 

2.2. Basic operation of the CMOS inverter 

The MOSFET of the CMOS inverter can be represented as a switch that turns on and off, as shown in Figure 
2.2. When the low level (hereinafter referred to as "L") is added to the input, the N-ch MOSFET is turned off 
and the P-ch MOSFET is turned on. At this time, almost the same voltage as the voltage VCC is output to the 
output terminal, and the voltage becomes a high level (hereinafter referred to as "H"). When H level is applied 
to the input, the P-ch MOSFET is turned off and the N-ch MOSFET is turned on. The output is at L level, which 
is almost the same potential as GND. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2.2  Circuit operation of inverter 
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2.3. Operation and characteristics of CMOS logic ICs MOSFET   
2.3.1. Operation and characteristics of N-ch MOSFET and P-ch MOSFET 

In a MOSFET, when the potential difference between the gate and the source is larger than a fixed value 
(threshold value |Vth|), the resistance between the drain and the source is reduced (on-state). The resistance 
between the drain and source at this time is called the on-resistance. 
 
However, the direction of the voltage applied between the gates and sources is different for N-ch MOSFET and 
P-ch MOSFET. Figure 2.3 shows how the MOSFET turns on. 
 N-ch MOSFET: Turns on when the gate potential is higher than the source potential by |Vth|. 
P-ch MOSFET: Turns on when the gate potential is lower than the source potential by |Vth|. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2.3  N-ch MOSFET and P-ch MOSFET are turned on. 
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2.3.2. VIN-ICC characteristics of CMOS (N-ch MOSFET +P-ch MOSFET) 

Figure 2.4 shows the basic circuits of CMOS. 
The basic circuit of CMOS is characterized by a very small current (ICC) between the power supply and GND 
when VIN is at the VCC or GND level, as either the devices of VCC side or GND side are turned off. 
Therefore, in CMOS logic ICs, ICC is very small when the input signals remain unchanged (the input is VCC or 
GND-level). 
Figure 2.5 shows the VIN-ICC characteristics of CMOS. 
As described above, the current (ICC) flowing between the power supply and the ground becomes very small 
when VIN is 0 to |Vth|, or VCC −|Vth| to VCC. However, since a through current flows from P-ch MOSFET to N-ch 
MOSFET when VIN is between |Vth| and VCC −|Vth|, ICC increases. Therefore, care must be taken not to use 
signals with extremely slow VIN rise or fall times (referred to as "slow inputs"). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

      Figure 2.4  Basic circuits of CMOS                Figure 2.5  VIN-ICC characteristics of CMOS 
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2.4. Typical functions and operations of CMOS logic ICs 

This section explains the operation of typical functions of CMOS logic ICs. 
 

2.4.1. Inverter (NOT) (product examples: 74VHC04, 74VHCU04) 

The output (X) of the inverter is inverted to the input (A) signals. Types of inverters include typical inverters 
and unbuffers. 
Typically, inverters are used to invert the logic of an input signal. Three stages of inverter circuits are used to 
shape a waveform. 
An unbuffer, on the other hand, consists of a single-stage inverter circuit, and is used in oscillating circuits and 
other applications. 
Shown below are the inverter's logic symbol (Figure 2.6), truth table (Figure 2.7), timing chart (Figure 2.8), 
and internal circuit (Figure 2.9). 
In the case of the three-stage inverter circuit, the signal changes three times, and the inverted signal is output 
with respect to the input signal. 
 
 
 
 
 
 
 
 

Figure 2.6  Logic symbol     Figure 2.7  Truth table       Figure 2.8  Timing chart 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.9  Internal circuit of inverter 
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2.4.2. Buffer (product examples: 74VHC126, 74VHC245) 

Buffers do not perform logical operations. 
Buffers increase the driving capability to increase the number of signal lines connected and shape the waveform. 
 
Buffers are used to increase drive capacity when the load is heavy. They are also used to lower the output 
impedance when the signal is attenuated by parasitic reactance or capacitance due to long board trace. 
Buffers are used in various kinds of electronic devices. 
 
Some types of buffers called transceivers (bidirectional bus buffers) can both send and receive data on one 
input/output terminal. The transceiver can switch the direction of the signal by the control signal (DIR), and 
so it is used for bus lines through which data pass in both directions. 
 
The bufferʼs logic symbol (Figure 2.10), truth table (Figure 2.11), timing chart (Figure 2.12), and internal 
circuit (Figure 2.13) are shown below. 
The buffer uses two inverter circuits. 
In the case of the 2-stage inverter circuit, since the signal is changed twice, a signal of the same phase is 
output with respect to the input signal 
 

 
 
 
 
 
 
 

Figure 2.10  Logic symbol     Figure 2.11  Truth table       Figure 2.12  Timing chart 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2.13  Internal circuit of buffer 
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2.4.3. NAND, NOR, AND, OR, and Exclusive OR (product examples: 74VHC00, 74VHC02, 74VHC08, 
74VHC32, 74VHC86) 

NAND, NOR, AND, OR, Exclusive OR, and Exclusive NOR are the basic logical arithmetic circuits called gates. 
Typical examples are NAND. 
 
Shown below are NAND's logic symbol (Figure 2.14), truth table (Figure 2.15), timing chart (Figure 2.16), and 
internal circuit (Figure 2.17). 
NAND consists of two P-ch MOSFETs and two N-ch MOSFETs.  
When all inputs are H, the output is L, and in all other combinations, output is H. 
For example, when inputs A and B are L, the N-ch MOSFET on the ground side are turned off and the P-ch 
MOSFET on the VCC side are turned on, and so H is output. 
On the other hand, when inputs A and B are H, the P-ch MOSFET on the VCC side is turned off, and the N-ch 
MOSFET on the GND side is turned on, and so L is output. 
When the input A is L and the input B is H, the P-ch MOSFET turns on, one of the N-ch MOSFETs turns off, and 
so H is output. The same applies in the case where input A is H and input B is L. 
 
Similar to NAND, NOR, AND, OR, Exclusive OR are composed of combinations of P-ch MOSFET and N-ch MOSFET. 
 
 
 
 
 
 
 
 
 
 

Figure 2.14  Logic symbol     Figure 2.15  Truth table       Figure 2.16  Timing chart 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2.17  Internal circuit of NAND 
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2.4.4. Decoder (product example: 74VHC138) 

The decoder converts N input signals into 2N output signals. 
This signal is typically used for port extension as a chip select signal. 
 
About decoder operation 
Shown below are a block diagram (Figure 2.18), a truth table (Figure 2.19), a timing chart (Figure 2.20), and 
a chip-select image (Figure 2.21), assuming a product that converts three inputs into eight outputs (3 to 8 
decoder). 
The image of the chip select shows the case where the three input signals (A, B, C) are L. At this time, only 
X0 of the eight output terminals outputs L, and other output terminals output H. IC0 is selected. In this way, 
any chip can be selected using a combination of three input signals. 
There are 8 outputs for the decoder whereas there are 3 outputs for the MCU. Thus, this is an example of port 
extension. 
 
 
 
 
 
 
 
 

Figure 2.18  Block diagram                    Figure 2.19  Truth table 

 
 
 
 
 
 
 
 
 
 
 

Figure 2.20  Timing chart 

 
 
 
 
 
 
 
 
 
 
 

Figure 2.21  Image of chip select 
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2.4.5. Multiplexer 

The multiplexer can select and output one signal from multiple input signals. 
The demultiplexer can select and output any one of the multiple outputs of an input signal. 
Shown below is an image of a multiplexer and a demultiplexer (Figure 3.22). 
 
 
 
 
 
 
 
 

Figure 2.22  Image of multiplexer and demultiplexer 

 
There are two types of multiplexers: digital multiplexers and analog multiplexers. 
 
Digital multiplexer (product examples: 74VHC153, 74VHC157) 
A digital multiplexer can select and output one signal from multiple digital input signals. 
 
Analog multiplexer (product examples: 74VHC4051, 74VHC4052, 74VHC4053) 
An analog multiplexer can select and output one signal from multiple analog input signals by using analog 
switches. Analog switches can pass signals in both input and output directions, and so they can act as both 
multiplexers and demultiplexers. See 2.4.10 for analog switches. 
 
Types of multiplexers (according to the number of channels) 
Multiplexers include two-channel multiplexers, which are two-input and one-output products, four-channel 
multiplexers, which are four-input and one-output products, and eight-channel multiplexers, which are eight-
input and one-output products. 
Figure 2.23 shows these three types of multiplexers. 
 
 
 
 
 
 
 
 
 

Figure 2.23  Types of multiplexers (according to the number of channels) 
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Operation of a 2-channel multiplexer 
Shown below are a system diagram of a two-channel multiplexer (Figure 2.24), a truth table (Figure 2.25), 
and a timing chart (Figure 2.26). 
When the signal of the select input (SELECT) is L, the input (A) is selected and the logic of the input (A) is 
output (Y). On the other hand, when the signal of the select input (SELECT) is H, the input (B) is selected and 
the logic of the input (B) is output to output (Y). 
The strobe input (/ST) is used to disable data output. When the input (/ST) is H, the output becomes L 
unconditionally. /ST represents ST. 
 
 
 
 
 
 
 
 

Figure 2.24  System diagram of 2-channel multiplexer 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 2.25  2-channel multiplexer truth table 

 
 
 
 
 

                                          Figure 2.26  2-channel multiplexer timing chart 
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2.4.6. Latch (product example: 74VHC373) 

The latch can hold data under certain conditions. 
There are various types of latches, such as D-latches and RS latches. This section explains the operation using 
the D-latch as an example. 
For a D-latch product composed of an input signal (D), a latch enable signal (LE), and an output (Q), the 
previous output (Q) is held when the latch enable signal (LE) is L, but the same logic as the input logic is output 
when the latch enable signal (LE) is H. Shown in Figure 2.27 is a timing chart. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2.27  Timing chart and output image 

 
Various signal lines can be controlled simultaneously by using multiple latches controlled by the same latch 
enable signal (LE). 

    
The block diagram of the D-latch (Figure 2.28) and the truth table (Figure 2.29) are shown below. 
 
 
 
 
 
 
 
 
 

Figure 2.28  Block diagram                    Figure 2.29  Truth table 
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Operation of D-latch 
The operation of the D-latch is explained using the system diagram (Figure 2.30). 
The inverters enclosed in red squares in the system diagram represent clocked inverters. See the following 
page for internal circuits of clocked inverters. The D-latch consists of two clocked inverters and one inverter. 
In the D-latch, when L is input to the latch enable signal (LE), the output of the clocked inverter (1) becomes 
high impedance, and the input signal is not transmitted to the inverter of the next stage. At this time, the 
clocked inverter (2) outputs the inverted signal of the output (Q). Since the signal is inverted by the inverter, 
the data of the output (Q) are held (green arrow in the system drawing). When the latch enable signal (LE) is 
L, the output does not change even if the input changes. 
On the other hand, when H is input to the latch enable signal (LE), the output of the clocked inverter (1) 
becomes the inverted signal of the input, and the signal is inverted by the next inverter. Therefore, the same 
logic as the input logic is output to the output (Q). (Blue arrow in the system diagram) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2.30  System diagram 
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Clocked inverter 
The logic symbol (Figure 2.31), an internal circuit (Figure 2.32), and a truth table (Figure 2.33) of the clocked 
inverter are shown below. 
When the input (φ) is set to H, the N-ch MOSFET on the ground side is turned on and the P-ch MOSFET on the 
VCC side is also turned on so that this circuit operates as a normal inverter circuit. The signal input to input (A) 
is inverted and output. 
On the other hand, when the input φ becomes L, the N-ch MOSFET on the GND side is turned off and the P-
ch MOSFET on the VCC side is turned off so that the output becomes high-impedance. 
 
 
 
 
 
 
 
 

Figure 2.31  Logic symbol of clocked inverter21 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2.32  Internal circuit of clocked inverter           Figure 2.33  Truth table 

 
 
 
 



Basics of CMOS Logic ICs 
Application Note 

2021-01-31 © 2020-2021 
Toshiba Electronic Devices & Storage Corporation 

18 

2.4.7. Flip-flop (product example: 74VHC74) 

Flip-flops can hold data under certain conditions. Flip-flops are sometimes referred to as FFs for short. There 
are several types of flip-flops, including D-type flip-flops and JK-type flip-flops. This section explains the 
operation of the D-type flip-flop as an example. 
The difference from the D-latch is that the output data are held even when the clock falls. (In the case of the 
D-latch, when the LE input is H, the same logic as the input logic is output.) 
In the case of a product composed of an input (D), a clock (CK), and an output (Q), the input (D) is held and 
the same signal is output when the clock (CK) rises. Until the next rise edge of clock (CK) input, output (Q) 
does not change even if input (D) changes. When the clock (CK) is not rising, the input (D) held by the 
immediately preceding rising clock (CK) continues to be output. Shown in Figure 2.34 is a timing chart. Some 
products have CLR and PR inputs that can initialize the internal hold signal. 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2.34  Timing chart and output image 

 
Applications of flip-flops include asynchronous signal synchronization, digital signal delay circuits, counters, 
and frequency dividers. 

 
Shown below are a block diagram of a D-type flip-flop (Figure 2.35) and a truth table (Figure 2.36). 
 
 
 
 
 
 
 
 
 

Figure 2.35  Block diagram                    Figure 2.36  Truth table 

 
 
 
 
 
 
 
 



Basics of CMOS Logic ICs 
Application Note 

2021-01-31 © 2020-2021 
Toshiba Electronic Devices & Storage Corporation 

19 

Operation of D-type flip-flop 
The operation of the D-type flip-flop is explained using the system diagram (Figure 2.37). 
The D-type flip-flop is constructed by connecting two stages of D-latch circuits. Refer to 2.4.6 for the latch 
operation. 
 
For the D-type flip-flop, the latch circuit (1) operates when the clock (CK) rises. While the clock (CK) is H, since 
the latch circuit (1) continues to operate and the clocked inverter at the first stage of the latch circuit (2) also 
operates, the data held in the latch circuit (1) are output to the output (Q) (blue arrow in the system diagram). 
The output does not change even if the input signal changes. 
When the clock (CK) becomes L, the latch circuit (2) operates and continues to output the data held by the 
latch circuit (1) (green arrow in the system diagram). Even at this time, the output does not change even if 
the input signal changes. 
Note that the output (Q) before reading the rising edge of the clock (CK) is unknown. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2.37  System diagram 
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2.4.8. Counter (product examples: 74VHC393, 74VHC161) 

The counter performs up-counter (addition) and down-counter (subtraction) in accordance with the input clock 
(CK). A 4-bit counter can count up to 16, an 8-bit counter up to 256, and a 14-bit counter up to 16384. Some 
products have a CLR input that can initialize the internal hold signal. 
Counters are built into various types of equipment, including digital timers, calculators, and stopwatches. 
 
There are two types of counters: CK asynchronous (ripple-carry method) and CK synchronous (parallel-carry 
method). In the case of CK asynchronous, assuming that the propagation delay time is tpd, the n-stage tpd is 
n times tpd and greatly delayed. 
If you assemble logic using the output signal, a hazard may occur in the output of the assembled logic. 
 
Shown below are a block diagram (Figure 2.38) and a truth table (Figure 2.39) of a 4-bit up-counter. The 
counter consists of four flip-flops. 
 
 
 
 
 
 
 

Figure 2.38  Block diagram                    Figure2.39  Truth table 
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Operation of the up counter 
The operation of the up counter is explained using the system diagram (Figure 2.40) and the timing chart 
(Figure 2.41). 
In the case of the up-counter, the output (/Q) of the first flip-flop is connected to the input (CK) of the second 
flip-flop. Similarly, the output (/Q) of the second flip-flop is connected to the input (CK) of the third flip-flop. 
The same applies to the third and fourth flip-flop. 
In the first flip-flop, the output (/Q) switches at the falling edge of input (/CK). The second flip-flop operates 
at the falling edge of output (QA). The third and subsequent flip-flops operate at the falling edge of the output 
(Q) of the preceding flip-flop. /Q represents Q and /CK represents CK. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2.40  System diagram 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2.41  Timing chart 
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2.4.9. Shift register (product example: 74VHC164) 

The shift register converts serial data to parallel data (SI-PO) or parallel data to serial data (PI-SO). 
Parallel-serial conversion is used to reduce the number of transmission lines (reduce the number of bits). Some 
products have a CLR input that can initialize the internal hold signal. 
The block diagram (Figure 2.42) and the truth table (Figure 2.43) of the shift register are shown below. The 
shift register is composed of multiple flip-flops. 
 
 
 
 
 
 
 
 

Figure 2.42  Block diagram                         Figure 2.43  Truth table 

 
Operation of the Shift register 
The operation of the shift register is explained using the system diagram (Figure 2.44) and the timing chart 
(Figure 2.45). 
In the case of the shift register, the output (Q) of the first flip-flop is connected to the input (D) of the second 
flip-flop. Similarly, the output (Q) of the second flip-flop is connected to the input (D) of the third flip-flop. The 
same applies to the third and fourth flip-flops. 
The input (SI) is connected to the input (D) of the first flip-flop. Input (SI) data are output to QA at the rising 
edge of the clock (CK). When the clock (CK) rises four times and the input (SI) signal is transmitted to the 
fourth flip-flop, the serial signal input to SI is converted into parallel signals (QD, QC, QB, and QA). 
 
 
 
 
 
 

Figure 2.44  System diagram 

 
 
 
 
 
 
 
 
 
 
 

Figure 2.45  Timing chart (image of serial-in parallel conversion) 
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2.4.10. Analog switch (bilateral switch) (product example: 74VHC4066) 

An analog switch can control the transmission and interruption of an analog signal such as a sine wave by 
turning the switch on and off. 
The analog switch is constructed by connecting N-ch MOSFET and P-ch MOSFET in parallel in order to reduce 
on-resistance and improve linearity of input/output characteristics. 
The analog switch characteristics in the data sheet include typical values such as sine wave distortion, frequency 
response, feed-through attenuation, and crosstalk. 
 
Shown below are the logic symbol (Figure 2.46), the truth table (Figure 2.47), the timing chart (Figure 2.48), 
and the internal circuit (Figure 2.49) of an analog switch. 
 

 
 
 
 
 
 
 
 

Figure 2.46  Logic symbol     Figure 2.47  Truth table       Figure 2.48  Timing chart 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2.49  Internal circuit of analog switch 
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3. Conclusion 

The typical applications, functions (Inverter, Buffers, Flip-flops, etc.), operations, and structures of CMOS logic 
ICs have been described. Please use it as a help when using CMOS logic IC. 
Toshiba's CMOS Logic Products began production in the 1970s, and we are continuing to supply high-quality 

products through our production bases in Japan and the Philippines, while developing series and packages. We 
have also maintained a high share of the Japanese market. 
 
Various characteristics and packages can be selected, so please select the series and package that are suitable 

for the usage conditions. 
 
To view the lineup of CMOS Logic ICs→ 

 
 

 
 
 
 

 
 
  

  

Type Series 
Product 
Number 
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voltage 

range (V) 

Propagation 
delay (ns) 

Output 
current 
(mA) 

Input 
tolerant 

(V) 

Output 
power-
down 

protection 
(V) 

Compatibility 
with 5 V 
Systems 

Standard TC4000B 3 to 18 65 (@5.0V) 
±0.51 

(@5.0V) 
- - 

High-speed 

TC74HC 

2 to 6 
23 (@4.5V) 

±4.0 or 
±6.0 

(@4.5V) 

- - 
74HC* 

TC74HCT 4.5 to 
5.5 

- - 
74HCT* 

Advanced 
TC74AC 2 to 5.5 

8.5 
(@4.5V) 

±24 
(@4.5V) 

- - 
TC74ACT 

4.5 to 
5.5 

Very High-
speed 

TC74VHC 

2 to 5.5 

8.5 
(@4.5V) 

±8.0 
(@4.5V) 

0 to 5.5 

- 
74VHC 

TC74VHCT 4.5 to 
5.5 

0 to 5.5 
74VHCT 

TC74VHCV 1.8 to 
5.5 

±16 
(@4.5V) 74VHCV 

Compatible 
with low-
voltage 
systems 

Low-voltage 
TC74LCX 1.65 to 

3.6 
6.5 

(@3.0V) 
±24 

(@3.0V) 
0 to 5.5 0 to 5.5 

74LCX 

Very Low-
voltage 

TC74VCX 

1.2 to 
3.6 

4.2 
(@2.3V) 

±24 
(@3.0V) 

0 to 3.6 0 to 3.6 
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RESTRICTIONS ON PRODUCT USE 
Toshiba Corporation and its subsidiaries and affiliates are collectively referred to as “TOSHIBA”. 
Hardware, software and systems described in this document are collectively referred to as “Product”. 

• TOSHIBA reserves the right to make changes to the information in this document and related Product without notice. 

• This document and any information herein may not be reproduced without prior written permission from TOSHIBA. Even with 
TOSHIBA's written permission, reproduction is permissible only if reproduction is without alteration/omission. 

• Though TOSHIBA works continually to improve Product's quality and reliability, Product can malfunction or fail. Customers are 
responsible for complying with safety standards and for providing adequate designs and safeguards for their hardware, 
software and systems which minimize risk and avoid situations in which a malfunction or failure of Product could cause loss of 
human life, bodily injury or damage to property, including data loss or corruption. Before customers use the Product, create 
designs including the Product, or incorporate the Product into their own applications, customers must also refer to and comply 
with (a) the latest versions of all relevant TOSHIBA information, including without limitation, this document, the specifications, 
the data sheets and application notes for Product and the precautions and conditions set forth in the "TOSHIBA Semiconductor 
Reliability Handbook" 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. 

• 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. 

• 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. 

• 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. 

• 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. 

• 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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