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We’ll have more to say about CMOS/TTL interfacing in Section 3.12. For
now, it is useful simply to note that HC and HCT are essentially identical in their
output specifications; only their input levels differ.

3.8.2 VHC and VHCT
Several new CMOS families were introduced in the 1980s and the 1990s. Two
of the most recent and probably the most versatile are VHC (Very High-Speed
CMOS) and VHCT (Very High-Speed CMOS, TTL compatible). These families
are about twice as fast as HC/HCT while maintaining backwards compatibility
with their predecessors. Like HC and HCT, the VHC and VHCT families differ
from each other only in the input levels that they recognize; their output charac-
teristics are the same.

Also like HC/HCT, VHC/VHCT outputs have symmetric output drive.
That is, an output can sink or source equal amounts of current; the output is just
as “strong” in both states. Other logic families, including the FCT and TTL fam-
ilies introduced later, have asymmetric output drive; they can sink much more
current in the LOW state than they can source in the HIGH state.

3.8.3 HC, HCT, VHC, and VHCT Electrical Characteristics
Electrical characteristics of the HC, HCT, VHC, and VHCT families are sum-
marized in this subsection. The specifications assume that the devices are used
with a nominal 5-V power supply, although (derated) operation is possible with
any supply voltage in the range 2–5.5 V (up to 6 V for HC/HCT). We’ll take a
closer look at low-voltage and mixed-voltage operation in Section 3.13.

Commercial (74-series) parts are intended to be operated at temperatures
between 0°C and 70°C, while military (54-series) parts are characterized for
operation between −55°C and 125°C. The specs in Table 3-5 assume an
operating temperature of 25°C. A full manufacturer’s data sheet provides addi-
tional specifications for device operation over the entire temperature range.

Most devices within a given logic family have the same electrical specifi-
cations for inputs and outputs, typically differing only in power consumption
and propagation delay. Table 3-5 includes specifications for a 74x00 two-input
NAND gate and a 74x138 3-to-8 decoder in the HC, HCT, VHC, and VHCT fam-
ilies. The ’00 NAND gate is included as the smallest logic-design building block
in each family, while the ’138 is a “medium-scale” part containing the equivalent
of about 15 NAND gates. (The ’138 spec is included to allow comparison with

VHC (Very High-speed 
CMOS)

VHCT (Very High-
speed CMOS, TTL 
compatible)

VERY=ADVANCED,
SORT OF

The VHC and VHCT logic families are manufactured by several companies,
including Motorola, Fairchild, and Toshiba. Compatible families with similar but
not identical specifications are manufactured by Texas Instruments and Philips;
they are called AHC and AHCT, where the “A” stands for “Advanced.”

symmetric output drive

asymmetric output drive
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the faster FCT family in Section 3.8.4; ’00 gates are not manufactured in the
FCT family.)

The first row of Table 3-5 specifies propagation delay. As discussed in
Section 3.6.2, two numbers, tpHL and tpLH may be used to specify delay; the
number in the table is the worst-case of the two. Skipping ahead to Table 3-11 on
page 163, you can see that HC and HCT are about the same speed as LS TTL,
and that VHC and VHCT are almost as fast as ALS TTL. The propagation delay

Ta b l e  3 - 5 Speed and power characteristics of CMOS families operating at 5 V

Family

Description Part Symbol Condition HC HCT VHC VHCT

Typical propagation delay (ns) ’00
’138 

tPD 9
18

10
20

5.2
7.2

5.5
8.1 

Quiescent power-supply
current (µA)

’00
’138

ICC Vin = 0 or VCC
Vin = 0 or VCC

2.5
40

2.5
40

5.0
40

5.0
402

Quiescent power dissipation
(mW)

’00
’138

Vin = 0 or VCC
Vin = 0 or VCC

0.0125
0.2

0.0125
0.2

0.025
0.2

0.025
0.2

 Power dissipation capacitance
(pF)

’00
’138 

CPD
CPD

22
55

15
51

19
34

17
49

 Dynamic power dissipation
(mW/MHz)

’00
’138

0.55
1.38

0.38
1.28

0.48
0.85

0.43
1.23

 Total power dissipation (mW) ’00
’00
’00
’138
’138
’138

f = 100 kHz
f = 1 MHz
f = 10 MHz
f = 100 kHz
f = 1 MHz
f = 10 MHz

0.068
0.56
5.5

0.338
1.58
14.0

0.050
0.39
3.8

0.328
1.48
13.0

0.073
0.50
4.8

0.285
1.05
8.7

0.068
0.45
4.3

0.323
1.43
12.5

 Speed-power product (pJ) ’00 
’00
’00
’138
’138
’138

f = 100 kHz
f = 1 MHz
f = 10 MHz
f = 100 kHz
f = 1 MHz
f = 10 MHz

0.61
5.1
50

6.08
28.4
251

0.50
3.9
38

6.55
29.5
259

0.38
2.6
25

2.05
7.56

63

0.37
2.5
24

2.61
11.5
101

NOTE ON
NOTATION

The “x” in the notation“74x00” takes the place of a family designator such as HC,
HCT, VHC, VHCT, FCT, LS, ALS, AS, or F. We may also refer to such a generic
part simply as a “ ’00” and leave off the “74x.” 
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for the ’138 is somewhat longer than for the ’00, since signals must travel
through three or four levels of gates internally.

The second and third rows of the table show that the quiescent power dissi-
pation of these CMOS devices is practically nil, well under a milliwatt (mW) if
the inputs have CMOS levels—0 V for LOW and VCC for HIGH. (Note that in the
table, the quiescent power dissipation numbers given for the ’00 are per gate,
while for the ’138 they apply to the entire MSI device.)

As we discussed in Section 3.6.3, the dynamic power dissipation of a
CMOS gate depends on the voltage swing of the output (usually VCC), the output
transition frequency (f ), and the capacitance that is being charged and dis-
charged on transitions, according to the formula 

Here, CPD is the power dissipation capacitance of the device and CL is the
capacitance of the load attached to the CMOS output in a given application. The
table lists both CPD and an equivalent dynamic power dissipation factor in units
of milliwatts per megahertz, assuming that CL = 0. Using this factor, the total
power dissipation is computed at various frequencies as the sum of the dynamic
power dissipation at that frequency and the quiescent power dissipation.

Shown next in the table, the speed-power product is simply the product of
the propagation delay and power consumption of a typical gate; the result is
measured in picojoules (pJ). Recall from physics that the joule is a unit of ener-
gy, so the speed-power product measures a sort of efficiency—how much energy
a logic gate uses to switch its output. In this day and age, it’s obvious that the
lower the energy usage, the better.

QUIETLY GETTING
MORE DISS’ED

HCT and VHCT circuits can also be driven by TTL devices, which may produce
HIGH output levels as low as 2.4 V. As we explained in Section 3.5.3, a CMOS
output may draw additional current from the power supply if any of the inputs are
nonideal. In the case of an HCT or VHCT inverter with a HIGH input of 2.4 V, the
bottom, n-channel output transistor is fully “on.” However, the top, p-channel
transistor is also partially “on.” This allows the additional quiescent current flow,
specified as ∆ICC or ICCT in the data sheet, which can be as much as 2–3 mA per
nonideal input in HCT and VHCT devices.

PD CL CPD+( ) VDD
2 f⋅ ⋅=

speed-power product

SAVING ENERGY There are practical as well as geopolitical reasons for saving energy in digital sys-
tems. Lower energy consumption means lower cost of power supplies and cooling
systems. Also, a digital system’s reliability is improved more by running it cooler
than by any other single reliability improvement strategy.
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Table 3-6 gives the input specs of typical CMOS devices in each of the
families. Some of the specs assume that the 5-V supply has a ±10% margin; that
is, VCC can be anywhere between 4.5 and 5.5 V. These parameters were dis-
cussed in previous sections, but for reference purposes their meanings are
summarized here:

IImax The maximum input current for any value of input voltage. This spec
states that the current flowing into or out of a CMOS input is 1 µA or
less for any value of input voltage. In other words, CMOS inputs create
almost no DC load on the circuits that drive them.

CINmax The maximum capacitance of an input. This number can be used when
figuring the AC load on an output that drives this and other inputs. Most
manufacturers also specify a lower, typical input capacitance of about
5 pF, which gives a good estimate of AC load if you’re not unlucky.

VILmax The maximum voltage that an input is guaranteed to recognize as LOW.
Note that the values are different for HC/VHC versus HCT/VHCT. The
“CMOS” value, 1.35 V, is 30% of the minimum power-supply voltage,
while the “TTL” value is 0.8 V for compatibility with TTL families.

Ta b l e  3 - 6 Input specifications for CMOS families with VCC 
between 4.5 and 5.5 V.

Family

Description Symbol Condition HC HCT VHC VHCT

Input leakage current (µA) I Imax Vin = any ±1 ±1 ±1 ±1

Maximum input capacitance (pF)CINmax 10 10 10 10

LOW-level input voltage (V) VILmax 1.35 0.8 1.35 0.8

HIGH-level input voltage (V) VIHmin 3.85 2.0 3.85 2.0

CMOS VS. TTL
POWER

DISSIPATION

At high transition frequencies (f), CMOS families actually use more power than
TTL. For example, compare HCT CMOS in Table 3-5 at f = 10 MHz with LS TTL
in Table 3-11; a CMOS gate uses three times as much power as a TTL gate at this
frequency. Both HCT and LS may be used in systems with maximum “clock” fre-
quencies of up to about 20 MHz, so you might think that CMOS is not so good for
high-speed systems. However, the transition frequencies of most outputs in typical
systems are much less than the maximum frequency present in the system (e.g., see
Exercise 3.76). Thus, typical CMOS systems have a lower total power dissipation
than they would have if they were built with TTL.
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VIHmin The minimum voltage that an input is guaranteed to recognize as HIGH.
The “CMOS” value, 3.85 V, is 70% of the maximum power-supply
voltage, while the “TTL” value is 2.0 V for compatibility with TTL
families. (Unlike CMOS levels, TTL input levels are not symmetric
with respect to the power-supply rails.)

The specifications for TTL-compatible CMOS outputs usually have two
sets of output parameters; one set or the other is used depending on how an out-
put is loaded. A CMOS load is one that requires the output to sink and source
very little DC current, 20 µA for HC/HCT and 50 µA for VHC/VHCT. This is,
of course, the case when the CMOS outputs drive only CMOS inputs. With
CMOS loads, CMOS outputs maintain an output voltage within 0.1 V of the
supply rails, 0 and VCC. (A worst-case VCC = 4.5 V is used for the table entries;
hence, VOHminC = 4.4 V.)

A TTL load can consume much more sink and source current, up to 4 mA
from and HC/HCT output and 8 mA from a VHC/VHCT output. In this case, a
higher voltage drop occurs across the “on” transistors in the output circuit, but
the output voltage is still guaranteed to be within the normal range of TTL output
levels.

 Table 3-7 lists CMOS output specifications for both CMOS and TTL
loads. These parameters have the following meanings:

IOLmaxC The maximum current that an output can supply in the LOW state
while driving a CMOS load. Since this is a positive value, current
flows into the output pin.

IOLmaxT The maximum current that an output can supply in the LOW state
while driving a TTL load.

Ta b le  3 - 7 Output specifications for CMOS families operating with VCC
between 4.5 and 5.5 V.

Family

Description Symbol Condition HC HCT VHC VHCT

LOW-level output current (mA) IOLmaxC
IOLmaxT 

CMOS load
TTL load

0.02
4.0

0.02
4.0

0.05
8.0

0.05
8.0

LOW-level output voltage (V) VOLmaxC
VOLmaxT

Iout ≤ IOLmaxC
Iout ≤ IOLmaxT 

0.1
0.33

0.1
0.33

0.1
0.44

0.1
0.44

HIGH-level output current (mA) IOHmaxC
IOHmaxT

CMOS load
TTL load

−0.02
−4.0

−0.02
−4.0

−0.05
−8.0

−0.05
−8.0

HIGH-level output voltage (V) VOHminC
VOHminT

|Iout |≤|IOHmaxC|
|Iout |≤|IOHmaxT|

4.4
3.84

4.4
3.84

4.4
3.80

4.4
3.80

CMOS load

TTL load
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VOLmaxC The maximum voltage that a LOW output is guaranteed to produce
while driving a CMOS load, that is, as long as IOLmaxC is not exceeded.

VOLmaxT The maximum voltage that a LOW output is guaranteed to produce
while driving a TTL load, that is, as long as IOLmaxT is not exceeded.

IOHmaxC The maximum current that an output can supply in the HIGH state
while driving a CMOS load. Since this is a negative value, positive
current flows out of the output pin.

IOHmaxT The maximum current that an output can supply in the HIGH state
while driving a TTL load.

VOHminC The minimum voltage that a HIGH output is guaranteed to produce
while driving a CMOS load, that is, as long as IOHmaxC is not exceeded.

VOHminT The minimum voltage that a HIGH output is guaranteed to produce
while driving a TTL load, that is, as long as IOHmaxT is not exceeded.

The voltage parameters above determine DC noise margins. The LOW-
state DC noise margin is the difference between VOLmax and VILmax. This
depends on the characteristics of both the driving output and the driven inputs.
For example, the LOW-state DC noise margin of a HCT driving a few HCT
inputs (a CMOS load) is 0.8 − 0.1 = 0.7 V. With a TTL load, the noise margin for
the HCT inputs drops to 0.8 − 0.33 = 0.47 V. Similarly, the HIGH-state DC noise
margin is the difference between VOHmin and VIHmin. In general, when different
families are interconnected, you have to compare the appropriate VOLmax and
VOHmin of the driving gate with VILmax and VIHmin of all the driven gates to deter-
mine the worst-case noise margins.

The IOLmax and IOHmax parameters in the table determine fanout capability,
and are especially important when an output drives inputs in one or more differ-
ent families. Two calculations must be performed to determine whether an
output is operating within its rated fanout capability:

HIGH-state fanoutThe IIHmax values for all of the driven inputs are added. The
sum must be less than IOHmax of the driving output.

LOW-state fanout The IILmax values for all of the driven inputs are added. The
sum must be less than IOLmax of the driving output

Note that the input and output characteristics of specific components may vary
from the representative values given in Table 3-7, so you must always consult
the manufacturers’ data sheets when analyzing a real design.

*3.8.4 FCT and FCT-T
In the early 1990s, yet another CMOS family was launched. The key benefit of
the FCT (Fast CMOS, TTL compatible) family was its ability to meet or exceed
the speed and the output drive capability of the best TTL families while reducing
power consumption and maintaining full compatibility with TTL. 

FCT (Fast CMOS, TTL 
compatible)


