Metal-Oxide Semiconductor Field Effect Transistor ‘@

N-Channel MOS (NMOS) Transistor

Voltage-controlled resistance:
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P-Channel MOS (PMOS) Transistor

Voltage-controlied resistance:
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Complementary Metal-Oxide Semiconductor
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CMOQOS Inverter : Low Input
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CMOS Inverter : High Input =
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Vpp =450V
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CMOS NAND
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CMOS NAND : Input Combinations <

1 [ET8)
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Making An AND Gate <
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CMOSAND
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Making An OR Gate )
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CMOS Electrical Behavior

» Logic Voltage Levels
* DC Noise Margins

* Fanout

* Unused Inputs

» Current Spikes

e Transition Time

* Propagation Delay

» Power Consumption
» Schmitt-Trigger Inputs
» Tri-State Outputs

* Open-Drain Outputs
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Logic Levels— CMOS (generic)
50V
Logic 1 (HIGH)
35V
undafined
logic level
1.5V
Logic O (LOW)
RTRY
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Logic Levels—CMOS & TTL (specific) A=
QUTEUTS 5.0 INPUTS
HIGH
HC, HOT 384 3,85 (HC, VHC)
VHC, VHCT  3.80 =
LS, 5, ALS. AS,F 27 -
20 L5, 5 ALS AS. F,
HCT, WHCT, FCT
ABMORMAL | — 135 (HC, VHC)
0.8 L5, 5 ALS, AS F,
FCT 055 —
L5, 5, ALS, A5, F 0.5 el s
VHC, WYHCT 0.44
HG, HOT .33 Low 0
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DC Noise Margins e

\Y -V
SLVIT Hvin

\Y -V
ILmiax Olmax

VOHMIN . The minimum output voltage in the HIGH state.
V'HM IN : The minimum input voltage guaranteed to be recognized as a HIGH.
VO'—MAX . The maximum output voltage in the LOW state.
V ILpg Ax : The maximum input voltage guaranteed to be recognized as a LOW.
Fﬁ YHimin
HIGH High-state
Vi DC noise margin
ABNORMAL
ViLmax
LOW - - Low-state
Ve DC noise margin
R-I1-T
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Fanout

» Thefanout of alogic gate is the number of inputs that the
gate can drive without exceeding its worst-case loading

specifications.

» Fanout must be examined for both possible output states.

| OLpax . The maximum current that the output can sink in the LOW state
while still maintaining an output voltage no greater then VOLMAX
° IOHMAX - The maximum current that the output can source in the HIGH state
while still maintaining an output voltage no less then VOHMIN
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Fanout Example : Low Output 9

lory 05 = 20UAMp Iy ax = TUAMD

D<— «——

FTOYYY

*HC CMOS Specifications
lon
MAX
Fanout . = =20
Hmax
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Fanout Example : High Output S

loLyay = SUAMP liyax = 0-2uUAMP

D—» »

*HC CMOS Specifications
IO'—MAX
Fanout HiGH = m =25
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Exceeding Fanout - Loading “9

* Inthe LOW dtate, the output voltage (V) will increase
beyond Ve
 Inthe HIGH state, the output voltage (Vo) Will fall below

VOHMIN.
» Propagation delay may increase beyond specifications.

» Switching times (rise times & fall times) may increase
beyond specifications.

» The operating temperature will increase and may reduce
the reliability and life of the part.

Computer Engineering Technology R ¢ I ¢ T G. H. Zion
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Unused Inputs @

» Unused inputs should never be left

unconnected. X —EDD— z

 All unused inputs should be pulled to a
constant logic value.
HIGH for AND & NAND
LOW for OR & NOR

» Unused inputs can aso betied to
another input. X } &

Not preferred method for high-speed 45V
designs.

Additional input increases the capacitive
load on the driving signal and thus reduces

switching times (i.e. speed). }
z
L —
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Current Spikes and Decoupling Capacitors @

&

* When a CMOS device switches from 0 to 5 volts, current
flows from V. to GND through the partially-on PMOS
and NMOS transistor.

» These currents, because they only occur briefly, cause
current spikes and will show up as noise onthe V. and
GND connections.

» These current spikes need to be dampened with the use of
decoupling capacitors between V . and GND.

» These decoupling capacitors need to be distributed
throughout the circuit, typically one adjacent to each chip.

Computer Engineering Technology R ¢ I ¢ T G. H. Zion
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Transition Time e

» Thetime that the output logic take to change from one
state to another is called transition time.
» Trangtion time has two components...
Risetime (t,)
Fall time (t;)
» Therise and fall times of CMOS outputs depend on the
resistance of the “ on” transistor and the load capacitance.
» The load capacitance comes from...
Input capacitance of load device (Crevenin)
Wire connecting the output to its inputs
Board capacitance.
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Trangition Time: Rise Time/ Fall Time 9
| deal
Realistic / \
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ACtuaI i —/1 ViHlt‘ljl.‘l
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* i - = - -
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Rise Time S

Low-To-High Transition

Voo = =30 ¥ 1 &,
MO 1M
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Fall Time S

High-To-Low Trangtion
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Propagation Delay ‘3

The propagation delay of asignal path is the amount of
time that it takes for a change in an input signal to produce
achange in the output signal.

1r|\.
Ignoring Rise/Fall Times —

Your

| g, M
'|.'|\ g
o) /

Measured at Midpoints

- I—p-
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Power Consumption 4

* CMOS gates have to power consumption factors...
Static or quiescent power dissipation
Dynamic power dissipation
* Most CMOS devices have very little static power
dissipation. Thisisone of the primary features of CMOS.
* CMOS device consume significant power only during
transitions; thisis called dynamic power dissipation.
* The dynamic power dissipation have two primary
factors...
P; : power dissipation due to output transitions.
P : power dissipation due to capacitive load.

Computer Engineering Technology R ¢ I ¢ T G. H. Zion
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P; : Output Transitions

P; :
*Cep
Ve
of

Computer Engineering Technology

Pr=Cpp Ve f
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Pc : Capacitive Load

P
*Cep
Ve
of
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Schmitt-Trigger Inputs e

» A schmitt-trigger input uses feedback to shift the switching
threshold voltage depending on whether the input is
making a LOW-to-HIGH or HIGH-to-LOW transition.

* When the input is making a LOW-to-HIGH transition, the
output will not change until the input has reached
VTHRESHOLD+.

* When the input is making a HIGH-to-LOW transition, the
output will not change until the input has reached
VTHRESHOLD-.

» The difference between the two threshold voltages is called
hysteresis. Schmitt-trigger inverts typically have a0.8 v
hysteresis.
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Transfer Characteristics e
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Without Hysteresis

Noisy Input Signal

—{>o—
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With Hysteresis

Noisy Input Signal
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Tri-State Outputs 9

* Thethird logic state which isnot a state at all. When a
output istri-stated it looks like a high impedance to any
other device. Often called floating, or Z state.

* Requires an additional control input, typically called an
enable. The enable controls whether the output isaLOW
or HIGH (enabled) or Tri-Stated (disabled).

» Tri-state outputs are typically used were multiple outputs
share asignal or bus. For example; data outputs on
memory devices are tri-state outputs. Control circuitry is
used to ensure that only one device is enabled at any given
time (decode logic).
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Tri-State Buffer o=
Vi |
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Open-Drain Outputs

* InaCMOS device, the PMOS transistor
provides for an active pull-up to V..

* Inan Open-Drain output, the drain of the
top most NMOS transistor is connected
to the output.

» Open-Drain outputs are used primarily
for...

Lﬁ:

o
| )

4

]

Driving LEDs &
Driving Multi-Source Buses z
Performing Wired Logic (to be discussed s o—| or
later)
« Different from Tri-State. Tri-State is so—|e
H/L/Z, Open-Drainis L/Z only.
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Driving LEDs o

Ve
|
fpn = 10 mA %
o LED
3 Z
E II':IZ ILmis = 0.37V
Ao—]| o
Bo—]| e
|
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Standard CMOS Can Drive A LED, But... o

—d [ e ’—q o4 ki E: |—c1 o4
| Z | z
ko I _{_;Ij' a —I _Q.r é R
sg—| o to——| @ N AsH
1 :
Sinking Current Sourcing Current
LED isON inthe LOW state LED isON inthe HIGH state
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Driving Multi-Source Buses e

% :
+— Dataout

Datal — % Datad —| = Datas —| &
Enablel — Enablad — Enabled —i
Data2 —| 2 Datad —| # Datat — o
Enable2 — Enabled — Enabiat —
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CMOS Logic Families

* First commercialy available CMOS family was the 4000
series.  Although the 4000-series offered low power
consumption, they were slow and difficult to interface with
the more popular (at the time) bipolar TTL family.

* 7400-series part naming : 74-FAM-nn...

The ‘74 prefix comes from the original numbering system
created by Texas Instruments. Other company’ s use other
numbering systems, but the 7400-series naming has become a
pseudo-standard. (5400-series are the same part, but with military
specifications).

‘FAM’ is an aphabetic family mnemonic. Only HC, HCT, VHC,
VHCT, AHC and AHCT will be discussed.

‘nn’ signifies the function of the gate.

Computer Engineering Technology R ¢ I ¢ T G. H. Zion
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HC and HCT Facts A%

* HC = High-Speed CMOS

* HCT = High-Speed CMOS, TTL Compatible

* HC & HCT have high speed and better current sink/souce
capability than the 4000 family.

» The HC family was designed for use in CMOS only
systems. Can operate with V. from 2 to 6 volts.

* The HCT family was designed to be used with TTL
devices. V. islimited to 5 volts,

« EvenwhenV =5V, HC devices are not quite compatible
with TTL devices because of HC were designed to
recognize CMOS input levels.
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HC & HCT Transfer Characteristics
HC Loge Lavals HCT Lagic Lavals
Vg =5.0W e Vo =30V
Vot = 354V Vibinder = B4V
Vifpmin =35 ¥ HIGH
ABMORMAL .
Vikuni 0y
Low i # 13 ¥ S NORA { =%
iJIRY ¥oumur =031V anv LoW ":Iu1.m UEERS
These input level Vour §
differences are set inthe %9 7
fabrication process by
make transistors with
different switching
threshold voltages. g - = Vi
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VHC and VHCT S

VHC = Very High-Speed CMOS

VHCT = Very High-Speed CMOS, TTL Compatible
These families are about twice are fact as HC/HCT.

Are backward compatible with predecessors (HC/HCT).

VHC and VHCT differ from each other only in the input
voltages that they recognize; their output characteristics are
the same (like HC/HCT).

HC/HCT and VHC/VHCT outputs have symmetrical
output drive capability. They can sink and source equal
amounts of current. Other families (ie FCT, TTL) have
asymmetrical output drive capability.

Computer Engineering Technology R ¢ I ¢ T G. H. Zion

Speed and Power Characteristics of CMOS &

Table 3-5; Page 138
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FCT and FCT-T

FCT = Fast CMOS, TTL Compatible

Able to meet or exceed the speed and drive capability of
standard TTL while reducing power consumption and
maintaining full TTL compatibility.

The original FCT family produced afull 5V CMOSV .
This created enormous CV2f power dissipation and circuit
noise as the output switch from OV to 5V in high speed
applications (+25 MHz)

FCT-T = Fast CMOS, TTL Compatiblew/ TTL V.
The FCT-T maintained the high operating speed of the
FCT while reducing both power consumption and
switching noise.
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Specifications for the 74FCT138T Device k=

Table 3-8; page 144
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