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INTRODUCTION

IN DIGITAL LOGIC DESIGN, IMPLEMENTING BOOLEAN FUNCTIONS EFFICIENTLY USING CMOS TECHNOLOGY IS FUNDAMENTAL FOR
CREATING LOW-POWER, HIGH-SPEED CIRCUITS. ONE COMMON TASK IS TO REALIZE A SPECIFIC LOGIC FUNCTION, SUCH AS F =
ABC, WHErRe A, B, AND C ARE INPUT VARIABLES. THIS ARTICLE PROVIDES AN IN-DEPTH GUIDE TO SKETCHING A CMOS cIrcuUIT
FOR THE FUNCTION F = ABC USING ONLY STANDARD CMOS INVERTERS, WHICH ARE THE BASIC BUILDING BLOCKS IN CMOS
LOGIC DESIGN. THE APPROACH INVOLVES UNDERSTANDING THE LOGIC FUNCTION, CONVERTING IT INTO A FORM SUITABLE FOR
CMOS IMPLEMENTATION, AND THEN SYSTEMATICALLY DESIGNING THE CIRCUIT WITH INVERTERS AND THE NECESSARY LOGIC
GATES.

UNDERSTANDING THE BooLEAN FuncTioN F = ABC

NATURE OF THE FUNCTION
THe FUNCTION F = ABC Is A THREE-INPUT AND FUNCTION, MEANING THE OUTPUT IS HIGH ONLY WHEN ALL THREE INPUTS A, B,
AND C ARE HIGH. |T CAN BE EXPRESSED AS:

-F=A ANDB AND C

THIS STRAIGHTFORW ARD FORM LENDS ITSELF TO DIRECT IMPLEMENTATION USING CMOS LOGIC, BUT UNDERSTANDING THE
UNDERLYING PRINCIPLES HELPS OPTIMIZE THE CIRCUIT.

BooLEAN EXPRESSION ANALYSIS

- THE FUNCTION IS A PRODUCT (AND) OF THREE LITERALS.
- |T CAN BE DIRECTLY MAPPED TO A THREE-INPUT AND GATE, BUT IN CMOS LoaGIC, AND FUNCTIONS ARE TYPICALLY
IMPLEMENTED USING COMBINATIONS OF NANDS AND NORS, OR DIRECTLY VIA SERIES-CONNECTED TRANSISTORS.

IMPLEMENTING F = ABC UsiNng CMOS INVERTERS

Basic CMOS CoOMPONENTS

- CMOS INverTER: COMPRISES A PMOS TRANSISTOR AT THE TOP AND AN NMOS TRANSISTOR AT THE BOTTOM, FUNCTIONING
AS ANOT GATE. IT INVERTS THE INPUT SIGNAL.

- CMOS Locic GaTes: CoMBINATIONS OF INVERTERS, NMOS, AND PMOS TRANSISTORS ARRANGED TO IMPLEMENT AND, OR,
NAND, NOR, eTc.



STRATEGY FOR IMPLEMENTATION
SINCE THE TASK SPECIFIES USING ONLY CMOS INVERTERS (AND STANDARD CMOS LOGIC), THE KEY APPROACH IS:
- USE INVERTERS TO GENERATE COMPLEMENT SIGNALS OF INPUTS IF NEEDED.

- USE SERIES AND PARALLEL ARRANGEMENTS OF TRANSISTORS TO IMPLEMENT AND FUNCTIONALITY.
- RECOGNIZE THAT COMBINING INVERTERS WITH TRANSISTORS ALLOWS CONSTRUCTING ANY LOGIC GATE.

ALTERNATIVELY, THE FUNCTION CAN BE IMPLEMENTED USING DE MORGAN’S LAW:
-F=ABC=NOT (NOT A+NOTB+NOT Q)

THIS SUGGESTS IMPLEMENTING A THREE-INPUT OR OF INVERTED INPUTS AND THEN INVERTING THE RESULT.

DesigN APPROACH FOrR F = ABC Using CMOS INVERTERS

STEP 1: GENERATE INVERTED INPUTS

- Use CMOS INVERTERS TO PRODUCE A, B, AND C’ (THE COMPLEMENTS OF A, B, AnD C).
- THIS IS STRAIGHTFORWARD: EACH INVERTER TAKES A, B, ok C AS INPUT AND ouTPUTS A', B’, C'.

Step 2: IMPLEMENT OR ofF A’, B, anD C’

- THe OR FUNCTION OF A’, BY, AND C’ CAN BE REALIZED BY COMBINING NMOS AND PMOS TRANSISTORS:

- IN CMOS, OR OPERATION CAN BE ACHIEVED BY CONNECTING THE INPUTS IN PARALLEL FOR THE PMOS NETWORK AND SERIES
FOR THE NMOS NETWORK, OR VICE VERSA.

- For IMPLEMENTING A" + B" + C’, ARRANGE THE PMOS TRANSISTORS IN PARALLEL (SINCE PMOS CONDUCTS WHEN ITS GATE
IS Low), AND NMOS IN serIES (SINCE NMOS CONDUCTS WHEN ITS GATE IS HIGH).

STEP 3: FINAL INVERSION TO GET F

- THe oUTPUT oF THE OR oF A’, B’, AND C’ IS THEN INVERTED USING ANOTHER CMOS INVERTER TO PRODUCE F.

CoNsTRUCTING THE CIRCUIT DIAGRAM

CoMPONENTS NEEDED

- THree CMOS INVERTERS FOR A, B, anp C.
- AbDITIONAL CMOS TRANSISTORS ARRANGED TO IMPLEMENT THE OR FUNCTION.
- A FINAL INVERTER TO INVERT THE OR OUTPUT, PRODUCING F.

STeP-BY-STEP CONSTRUCTION

1. INPUT INVERTERS:
- CONNECT A TO INVERTER 1, B TO INVERTER 2, C TO INVERTER 3.
- OutpuTs: A', B’, C".

2.OR GaTEFOR A, B, C"

- ConnecT A’, B’, C' To THE GATES OoF PMOS TRANSISTORS ARRANGED IN PARALLEL AT THE TOP.
- CONNECT THE DRAIN OF EACH PMOS To A coMMon NobEe (SAY, NODE X).

- CONNECT THE SOURCES OF ALL PMOS TRANSISTORS TO V_DD (POWER SUPPLY ).



- CONNECT THE DRAIN OF EACH NMOS TRANSISTOR IN SERIES, WITH GATES CONNECTED TO A', BY, C'.
- THE SOURCE OF THE FIRST NMOS CONNECTED TO GROUND, AND THE SOURCE OF THE LAST NMOS CONNECTED TO NODE X.

3. FINAL INVERTER:
- CONNECT NODE X TO AN INVERTER.
- OUTPUT OF THIS INVERTER IS F, WHICH REALIZES THE ORIGINAL FUNCTION ABC.

ComMpLeTE CMOS CircuiT DIAGRAM OVERVIEW

- THE CIRCUIT STARTS WITH THREE INPUT INVERTERS GENERATING A’, B, C'.

- THESE COMPLEMENTED SIGNALS FEED INTO A MULTI-TRANSISTOR NETWORK IMPLEMENTING THE OR FUNCTION.

- THE OR NETWORK’S OUTPUT IS INVERTED AGAIN TO PRODUCE F.

- THE ENTIRE DESIGN USES ONLY STANDARD CMOS INVERTERS AND THE ARRANGEMENT OF TRANSISTORS TO IMPLEMENT AND
FUNCTIONALITY VIA DE MorRGAN'S LAW.

ADVANTAGES OF THIS CMOS IMPLEMENTATION

- Low Power ConsuMPTION: CMOS LOGIC CONSUMES POWER ONLY DURING SW/ITCHING.
- HigH Noise MARGIN: CMOS CIRCUITS ARE ROBUST AGAINST NOISE.
- SCALABILITY: THE DESIGN CAN EASILY BE SCALED FOR MULTIPLE INPUTS OR INTEGRATED INTO LARGER SYSTEMS.

CoNcLUSION

IMPLEMENTING THE BooLEAN FUNCTION F = ABC using CMOS INVERTERS INVOLVES UNDERSTANDING THE LOGIC AND
TRANSLATING IT INTO A COMBINATION OF INVERTERS AND TRANSISTOR ARRANGEMENTS. BY LEVERAGING DE MORGAN’S LAW, THE
AND FUNCTION IS IMPLEMENTED THROUGH AN OR OF INVERTED INPUTS, WHICH IS WELL-SUITED TO CMOS TECHNOLOGY. THE
STEP-BY-STEP PROCESS INCLUDES GENERATING INVERTED SIGNALS, CONSTRUCTING AN OR NETWORK WITH SERIES AND PARALLEL
TRANSISTORS, AND FINAL INVERSION TO OBTAIN THE DESIRED OUTPUT. THIS APPROACH ILLUSTRATES THE POWER AND
FLEXIBILITY OF CMOS TECHNOLOGY IN DIGITAL CIRCUIT DESIGN, EMPHASIZING THE IMPORTANCE OF SYSTEMATIC DESIGN
STRATEGIES FOR EFFICIENT AND RELIABLE LOGIC IMPLEMENTATION.

FREQUENTLY AskeD QUESTIONS

How CAN You IMPLEMENT THE BooLEAN FUNCTION F = ABC using CMOS INVERTERS?

To iMPLEMENT F = ABC, coNNECT THREE AND GATES OR SERIES-CONNECTED NMOS TRANSISTORS FOR THE AND OPERATION,
WITH THE COMPLEMENTARY CMOS LOGIC USING INVERTERS FOR EACH INPUT AND APPROPRIATE PULL-UP AND PULL-DOWN
NETWORKS To ReALIZE THE AND oF A, B, anp C.

WHAT IS THE SIGNIFICANCE OF USING ONLY STANDARD CMOS INVERTERS IN DESIGNING
THE CIRCUIT FOR F = ABC?

UsING ONLY STANDARD CMOS INVERTERS SIMPLIFIES THE DESIGN, ENSURES LOW POWER CONSUMPTION, AND PROVIDES A
RELIABLE, SCALABLE METHOD TO IMPLEMENT THE LOGIC FUNCTION WITH MINIMAL COMPLEXITY AND STANDARD COMPONENTS.

How po You brAW THE CMOS cIrcuIT FOr F = ABC WITH JUST STANDARD
INVERTERS?

START BY INVERTING INPUTS A, B, AND C USING THREE SEPARATE CMOS INVERTERS. THEN, CONNECT THE OUTPUTS OF THESE
INVERTERS TO A SERIES OF NMOS TrRANSISTORS (FOR AND OPERATION) AND PARALLEL PMOS TrRANSISTORS (FOR PULL-UP)



TO REALIZE THE AND FUNCTION, ENSURING ONLY THE CORRECT LOGIC LEVELS ARE OUTPUT BASED ON ALL INPUTS BEING HIGH.

\WHY IS IT IMPORTANT TO UNDERSTAND THE CMOS IMPLEMENTATION OF SIMPLE
FUNCTIONS LIKE ABC?

UNDERSTANDING CMOS IMPLEMENTATION OF FUNCTIONS LIKE ABC HELPS IN DESIGNING EFFICIENT DIGITAL CIRCUITS, OPTIMIZING
POWER CONSUMPTION, AND ENSURING CORRECT LOGIC BEHAVIOR USING STANDARD CMOS COMPONENTS, WHICH IS
FUNDAMENTAL IN VLS| DESIGN.

\WHAT ARE THE KEY STEPS TO SKETCH A CMOS circuIT FOr F = ABC USING ONLY
STANDARD INVERTERS?

THe keY STEPS INCLUDE: (1) INVERT EACH INPUT A, B, AND C USING STANDARD CMOS INVERTERS, (2) CONNECT THESE
INVERTED SIGNALS THROUGH SERIES NMOS TRANSISTORS TO FORM THE AND LOGIC, AND (3) CONNECT THE OUTPUTS VIA
PARALLEL PMOS TRANSISTORS TO ACHIEVE THE CORRECT LOGIC LEVEL OUTPUT FOR F.

CAN YOoU EXPLAIN HOW THE CMOS INVERTERS AND TRANSISTORS WORK TOGETHER TO
IMPLEMENT THE AND FUNCTION FOrR F = ABC?

Yes, THE CMOS INVERTERS INVERT THE INPUTS A, B, AND C. THE SERIES CONNECTION OF NMOS TRANSISTORS CONDUCTS
ONLY WHEN ALL INPUTS ARE HIGH (ORIGINAL INPUTS ARE HIGH), PRODUCING A LOW OUTPUT IN THE PULL-DOWN NETWORK.
CONVERSELY, THE PARALLEL PMOS TRANSISTORS PULL THE OUTPUT HIGH WHEN ANY INPUT IS LOW, THUS REALIZING THE AND
FUNCTION WITH COMPLEMENTARY CMOS LoglC.

ADDITIONAL RESOURCES

CoMPREHENSIVE ANALYSIS AND CircuUIT DesiGN For F = ABC Using CMOS INVERTERS

INTRODUCTION TO CMOS Loaic DesigN AND THE FuNcTION F = ABC

IN THE REALM OF DIGITAL LOGIC DESIGN, CMOS (COMPLEMENTARY METAL-OXIDE-SEMICONDUCTOR) TECHNOLOGY STANDS AS
A DOMINANT APPROACH DUE TO ITS LOW POWER CONSUMPTION, HIGH NOISE IMMUNITY, AND SCALABILITY. W/HEN DESIGNING
COMBINATIONAL LOGIC FUNCTIONS, CMOS LOGIC OFFERS A SYSTEMATIC METHODOLOGY BY COMBINING P-TYPE AND N-TYPE
MOSFETS TO IMPLEMENT ANY BOOLEAN FUNCTION EFFICIENTLY.

THe BooLEAN FUNCTION F = ABC IS A THREE-VARIABLE AND OPERATION, WHICH OUTPUTS HIGH (LOGIC 1) ONLY WHEN ALL
THREE INPUTS A, B, AND C ARE HIGH. |TS IMPLEMENTATION VIA CMOS LOGIC INVOLVES UNDERSTANDING THE INTRINSIC
CHARACTERISTICS OF CMOS INVERTERS AND THE SYSTEMATIC ARRANGEMENT OF TRANSISTORS TO REALIZE THE AND FUNCTION.

THIS DISCUSSION AIMS TO PROVIDE A DETAILED, STEP~BY-STEP GUIDE TO SKETCHING THE CIRCUIT FOR F = ABC USING ONLY
STANDARD CMOS INVERTERS—THAT IS, USING THE BASIC CMOS INVERTER STRUCTURE WITHOUT ADDITIONAL COMPLEX
LOGIC GATES. WE WILL EXPLORE THE LOGIC DESIGN PRINCIPLES, THE STEP-BY-STEP SYNTHESIS OF THE CIRCUIT, AND THE
PRACTICAL CONSIDERATIONS INVOLVED IN SUCH AN IMPLEMENTATION.



(UNDERSTANDING THE BOOLEAN FUNCTION AND |TS IMPLEMENTATION
STRATEGY

BooLEAN EXPRESSION AND TRUTH T ABLE

THe FUNCTION F = ABC IS A SIMPLE THREE-INPUT AND FUNCTION:

. ___oooo

THE OUTPUT IS HIGH ONLY WHEN ALL INPUTS ARE HIGH, WHICH CHARACTERIZES A STRAIGHTFORW ARD AND OPERATION.

Logic DesiGN APPROACH USING CMOS

DesIGNING F = ABC wiTH CMOS LOGIC INVOLVES TRANSLATING THE BOOLEAN FUNCTION INTO A NETWORK OF PMOS AND
NMOS TRANSISTORS THAT IMPLEMENT THE AND FUNCTION:

- IN CMOS Loaic, THE PULL-UP NETWORK (PUN) IS CONSTRUCTED USING PMOS TRANSISTORS, WHICH PULL THE OUTPUT
HIGH WHEN THE FUNCTION'S INPUTS SATISFY CERTAIN CONDITIONS.

- THe PULL-DOWN NETWORK (PDN) EMPLOYS NMOS TRANSISTORS, WHICH PULL THE OUTPUT LOW UNDER SPECIFIC INPUT
CONDITIONS.

THE KEY PRINCIPLE IS:

- For AND FUNCTIONS, THE PMOS NETWORK IS DESIGNED AS A PARALLEL COMBINATION OF PMOS TRANSISTORS (SINCE PMOS
TRANSISTORS CONDUCT WHEN THEIR GATE VOLTAGE IS LOW, 1.E., 0), AND

- THE NMOS NETWORK IS ARRANGED AS A SERIES OF NMOS TRANSISTORS (SINCE NMOS TRANSISTORS CONDUCT WHEN THEIR
GATE VOLTAGE IS HIGH, LE., 1).

THus, For F = ABC, THe sTANDARD CMOS IMPLEMENTATION INVOLVES:

- SERIES CONNECTION OF NMOS TRANSISTORS FOR A, B, AND C IN THE PULL-DOWN NET W ORK.
- PARALLEL CONNECTION oF PMOS TRANSISTORS FOR A, B, AND C IN THE PULL-UP NETWORK.

THIS CONFIGURATION ENSURES THAT THE CIRCUIT OUTPUTS A HIGH ONLY WHEN ALL INPUTS ARE HIGH, MATCHING THE AND
FUNCTION.

DesIGNING THE CMOS CircuiT UsSING STANDARD INVERTERS



Basic ConcepT oF CMOS INVERTERS

BEFORE DELVING INTO THE COMBINED CIRCUIT, IT IS CRUCIAL TO UNDERSTAND THE FUNDAMENTAL CMOS INVERTER:

- ConsIsTs ofF A PMOS TRANSISTOR CONNECTED FROM V_DD (POSITIVE SUPPLY VOLTAGE) TO THE OUTPUT, AND AN NMOS
TRANSISTOR CONNECTED FROM THE OUTPUT TO GROUND.

- INPUT IS CONNECTED TO THE GATES OF BOTH TRANSISTORS.

- WHeN THE INPUT 1S Low (0), PMOS CONDUCTS, CONNECTING THE OUTPUT TO V_ DD, RESULTING IN A HIGH OUTPUT.

- \WHEN THE INPUT 1S HIGH (1), NMOS CONDUCTS, CONNECTING THE OUTPUT TO GROUND, RESULTING IN A LOW OUTPUT.

THIS BASIC INVERTER IS THE BUILDING BLOCK FOR MORE COMPLEX LOGIC CIRCUITS.

METHODOLOGY FOR USING INVERTERS TO BuiLb AND FUNCTION

IMPLEMENTING MULTI-INPUT AND FUNCTIONS USING ONLY INVERTERS IS NOT STRAIGHTFORW ARD BECAUSE INVERTERS ALONE
CANNOT PERFORM AND or OR FUNCTIONS DIRECTLY. USUALLY, THE PROCESS INVOLVES:

- CREATING THE NECESSARY LOGIC FUNCTIONS BY COMBINING INVERTERS, IN SOME CASES, WITH TRANSISTOR ARRANGEMENTS
(SERIES/PARALLEL).

- USING INVERTERS TO GENERATE COMPLEMENTED SIGNALS (E.G., A AND A’, B AND B, ETC.).

- CONSTRUCTING THE DESIRED LOGIC BY APPROPRIATELY CONNECTING INVERTERS AND TRANSISTOR NETWORKS.

HO\X/EVER, SINCE THE TASK EMPHASIZES USING STANDARD CMOS INVERTERS (DRA\X/N WITH JUST THE BASIC INVERTER
STRUCTURE), THE TYPICAL APPROACH INVOLVES!

- GENERATING THE COMPLEMENTED SIGNALS OF A, B, AND C THROUGH INVERTERS.
- COMBINING THESE SIGNALS IN TRANSISTOR NETWORKS CONFIGURED AS PER CMOS LOGIC DESIGN PRINCIPLES.

IN THE CONTEXT OF THE FUNCTION F = ABC, THE PRIMARY APPROACH INVOLVES:
- USING INVERTERS TO GENERATE A, B”, AND C’ (COMPLEMENTED SIGNALS).

- IMPLEMENTING THE AND OPERATION BY COMBINING THESE SIGNALS IN A NETWORK OF TRANSISTORS ARRANGED IN SERIES AND
PARALLEL CONFIGURATIONS.

STep-BY-STeP CMOS CircuiT DesIGN For F = ABC

STep 1: GENERATE COMPLEMENTED INPUTS

- INVERTER FOR A: CONNECT INPUT A TO THE GATE OF AN INVERTER. THE INVERTER OUTPUTS A’.
- INVERTER FOR B: CONNECT INPUT B TO THE GATE OF ANOTHER INVERTER. THE INVERTER OUTPUTS B’
- INVERTER FOR C: CONNECT INPUT C TO THE GATE OF A THIRD INVERTER. THE INVERTER ouTPUTS C'.

THESE COMPLEMENTED SIGNALS ARE ESSENTIAL IF IMPLEMENTING CERTAIN LOGIC FUNCTIONS, ESPECIALLY WHEN REALIZING
COMPLEX LOGIC FUNCTIONS WITH MINIMAL TRANSISTOR COUNTS.



Step 2: CONSTRUCTING THE PuLL-DowN NETWORK (SERIES OF NMOS TRANSISTORS)

For THE AND FUNCTION, THE PULL-DOWN NET\¥ ORK (\X/HICH PULLS THE OUTPUT TO GROUND WHEN THE FUNCTION IS FALSE) IS
DESIGNED AS:

- SERIES CONNECTION OF THREE NMOS TRANSISTORS CONTROLLED BY INPUTS A, B, anD C.

CONFIGURATION:

- NMOS TRANSISTOR 1: GATE CONNECTED TO A

- NMOS TRANSISTOR 2: GATE CONNECTED TO B

- NMOS TRANSISTOR 3: GATE CONNECTED TO C

- SOURCE OF TRANSISTOR 1 CONNECTED TO THE SOURCE OF TRANSISTOR 2, AND SO ON, FORMING A SERIES CHAIN.
- DRAIN OF TRANSISTOR 3 CONNECTED TO THE OUTPUT NODE.

OPERATION:

- ALL THREE TRANSISTORS CONDUCT SIMULTANEOUSLY ONLY WHEN A, B/ AND C ARE HIGH (ALL GATES AT LOGIC -|)
- THIS PULLS THE OUTPUT TO GROUND, RESULTING IN F =0 IN ALL OTHER CASES.

Step 3: CONSTRUCTING THE PuLL-Up NETWORK (PARALLEL OF PMOS TRANSISTORS)

THE PULL-UP NETWORK (WHICH PULLS THE OUTPUT HIGH WHEN THE FUNCTION IS TRUE) IS CONSTRUCTED AS:
- PARALLEL CONNECTION OF THREE PMOS TRANSISTORS CONTROLLED BY A, B, anD C.

CONFIGURATION:

- PMOS TRANSISTOR 1: GATE CONNECTED TO A

- PMOS TRANSISTOR 2: GATE CONNECTED TO B

- PMOS TRANSISTOR 3: GATE CONNECTED TO C

- ALL THEIR SOURCES CONNECTED TOo V_DD

- THEIR DRAINS CONNECTED TOGETHER AT THE OUTPUT NODE

OPERATION:

- ANy oneE oF A, B, or C BEING Low (O) TURNS OFF THE CORRESPONDING PMOS TRANSISTOR.

- ONLY WHEN ALL THREE ARE HIGH (1) DO ALL PMOS TRANSISTORS CONDUCT, CONNECTING THE OUTPUT To V_DD,
PRODUCING F = 1.

CoMpLETE CMOS CIrRcUIT SKETCH WITH STANDARD INVERTERS

NO\X/, INTEGRATING THE ABOVE LOGIC INTO A COMPLETE CIRCUIT:

1. INPUT SIGNALS A, B, C ARE FED DIRECTLY INTO THE TRANSISTOR GATES OF THE PULL-DOWN NETWORK (NMOS
TRANSISTORS IN SERIES).

2. THE SAME INPUTS ARE CONNECTED DIRECTLY TO THE GATES OF THE PMOS TRANSISTORS IN THE PULL-UP NET\WORK
(PARALLEL CONFIGURATION).



3. INVERTERS ARE USED TO GENERATE COMPLEMENTED SIGNALS A// B/, C' AS NEEDED FOR IMPLEMENTING MORE COMPLEX
FUNCTIONS OR OPTIMIZING TRANSISTOR ARRANGEMENTS.

4. THE OUTPUT NODE IS CONNECTED TO:

- THE DRAIN OF THE LAST NMOS TRANSISTOR IN SERIES (PULL-DOWN NETWORK).
- THE DRAIN OF THE LAST PMOS TRANSISTOR IN PARALLEL (PULL-UP NETWORK).

5. THE POWER SUPPLY V_DD CONNECTS TO THE SOURCES OF ALL PMOS TRANSISTORS.
6. THE GROUND CONNECTS TO THE SOURCES OF ALL NMOS TRANSISTORS.
NoTe: SINCE THE FUNCTION F = ABC IS A STRAIGHTFORWARD AND, THE CIRCUIT CAN BE DIRECTLY REALIZED USING THE SERIES

AND PARALLEL TRANSISTOR ARRANGEMENTS WITHOUT ADDITIONAL INVERTERS. THE INVERTERS PRIMARILY SERVE TO GENERATE
COMPLEMENTARY SIGNALS IF NEEDED FOR FURTHER LOGIC.

PRACTICAL CONSIDERATIONS AND OPTIMIZATION

MINIMIZING TRANSISTOR COUNT

- For THE siMpLE AND FUNCTION, THE MINIMAL CMOS IMPLEMENTATION INVOLVES 3 PMOS TRANSISTORS IN PARALLEL AND 3
NMOS TRANSISTORS IN SERIES.
- ADDITIONAL INVERTERS ARE UNNECESSARY UNLESS THE LOGIC REQUIRES COMPLEMENTED SIGNALS.

Power CONSUMPTION AND SPEED

- CMOS LOGIC IS POWER-EFFICIENT BECAUSE CURRENT FLOWS ONLY DURING SWITCHING.
- THE SERIES AND PARALLEL ARRANGEMENTS INFLUENCE THE SWITCHING SPEED, SERIES NMOS TRANSISTORS INCREASE DELAY, SO
CAREFUL LAYOUT AND SIZING ARE CRUCIAL.

PHYSICAL LAYoUT AND PARASITICS
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