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Introduction 

In industrial automation and PLC programming, contacts are the fundamental 

elements that govern logic flow in ladder diagrams. A contact represents a condition 

(input, memory bit or device state) and determines whether logic can pass through 

that rung. Understanding contact behaviour is critical because it directly impacts 

how control systems respond to sensors, switches and actuators. Two primary types 

of contacts—Normally Open (NO) and Normally Closed (NC)—differ in their 

default (unactuated) states and how they change when actuated. Selecting the 

correct type (NO vs NC) and using the right logic symbol ensures that the ladder 

logic behaves predictably and safely, especially in fault or failure scenarios. From 

wiring push-buttons and limit switches to programming complex control sequences, 

mastering NO/NC contacts is foundational for any PLC engineer or technician. 

 

Definitions & Behaviour 

Normally Open (NO) Contact 

• A NO contact is in an open state (no logic path/conduction) when its 

associated condition or input is in the rest/unactuated state (logic bit = 0). 

(Automation Community) 

https://diplomawallah.in/
https://learn.automationcommunity.com/ladder-diagram-with-no-and-nc-contacts/?utm_source=chatgpt.com
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• When the associated input becomes TRUE (bit = 1) — meaning e.g., a switch 

closes, sensor actuates — the NO contact “closes” (logic path is made) and 

allows current or logic flow through the rung. (plcsimulator.online) 

• In ladder logic diagrams, it is typically represented by two parallel vertical 

lines: —| |—. (Wevolver) 

• Typical practical uses: start push-buttons, sensor detection (when you want 

logic only when the device happens). (Instrumentation and Control 

Engineering) 

Normally Closed (NC) Contact 

• An NC contact is in a closed state (logic path/conduction) when its associated 

input or condition is in the rest/unactuated state (bit = 0). 

(ladderlogicworld.com) 

• When the associated input becomes TRUE (bit = 1) — e.g., switch actuated — 

the NC contact opens (breaks the logic path) and thus stops the logic flowing. 

(Inst Tools) 

• In ladder diagrams, it is typically represented as —|/|— (parallel lines with 

a diagonal slash). (Wevolver) 

• Typical uses: stop push-buttons, safety interlocks, fail‐safe conditions (so that 

when device fails or is actuated you break logic). (Inst Tools) 

 

Working in Ladder Logic & Digital Representation 

• A PLC executes ladder logic by scanning all inputs, then evaluating rungs top 

to bottom, left to right, then updating outputs. (ladderlogicworld.com) 

• In any rung, contacts (NO or NC) determine whether logic “flows” along that 

rung to reach the coil/output. If all series contacts are closed (logic true), then 

coil energizes; if any contact is open, logic path is broken and coil remains off. 

(ladderlogicworld.com) 

• In digital logic terms: 

o NO contact behaves like: Output = TRUE if Input Bit = TRUE. 

o NC contact behaves like: Output = TRUE if Input Bit = FALSE (i.e., it 

acts as a NOT inverter on the bit) (ladderlogicworld.com) 

• Example truth tables: 

Contact Type Input Bit Contact State Logic Flow? 

NO 0 Open No 

https://diplomawallah.in/
https://plcsimulator.online/docs/ladder/contact?utm_source=chatgpt.com
https://www.wevolver.com/article/ladder-logic-symbols-a-comprehensive-guide?utm_source=chatgpt.com
https://automationforum.co/understanding-no-vs-nc-contacts-is-key-for-logic-writing-in-plc-programming/?utm_source=chatgpt.com
https://automationforum.co/understanding-no-vs-nc-contacts-is-key-for-logic-writing-in-plc-programming/?utm_source=chatgpt.com
https://ladderlogicworld.com/ladder-logic-basics/?utm_source=chatgpt.com
https://instrumentationtools.com/difference-between-no-and-nc-contacts/?utm_source=chatgpt.com
https://www.wevolver.com/article/ladder-logic-symbols-a-comprehensive-guide?utm_source=chatgpt.com
https://instrumentationtools.com/normally-closed-for-stop-buttons/?utm_source=chatgpt.com
https://ladderlogicworld.com/ladder-logic-basics/?utm_source=chatgpt.com
https://ladderlogicworld.com/ladder-logic-basics/?utm_source=chatgpt.com
https://ladderlogicworld.com/ladder-logic-basics/?utm_source=chatgpt.com
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NO 1 Closed Yes 

NC 0 Closed Yes 

NC 1 Open No 

• By combining NO and NC contacts in series or parallel, you can construct 

AND, OR, NOT, NAND, NOR logic functions in ladder. (All About Circuits) 

• Example: Two NO contacts in series = AND; two NO in parallel = OR; one 

NC contact = NOT of that input. (All About Circuits) 

 

Practical Engineering Considerations & Best Practices 

• Safety & Fail-safe Wiring: It is good engineering practice to wire Stop 

buttons or safety interlocks as NC contacts. Why? Because if a wire breaks or 

power fails, an NC contact will open (fail to off) and thus will stop the logic — 

safer than failure staying running. (Inst Tools) 

• Physical vs Software Logic: A physical switch may be wired NO but in the 

ladder logic you might implement an NC contact (XIO) depending on desired 

behaviour. Always map real world device behaviour and wiring to logic 

symbol carefully. (Click2Electro) 

• Diagnostics & Troubleshooting: If a system isn’t working, check the bit states 

and which type of contact is used. A wire break in a NO-wired input may 

cause logic to remain off and be hard to detect; in NC wiring you get more 

immediate fault indication. (Electrical Engineering Stack Exchange) 

• Clear Symbol Usage: Use correct ladder symbols: NO contact for examine-if-

closed (XIC) condition, NC contact for examine-if-open (XIO) in Allen-

Bradley style. Many PLC programming manuals treat them accordingly. 

(solisplc.com) 

• Documentation & Maintenance: When designing systems, clearly label 

which contacts are NO/NC, what actuates them, and why – especially for 

safety interlocks. Future maintenance staff must understand wiring vs logic. 

• Use in Logic Construction: Understand that NC contacts effectively invert 

the input. So using NCs is one way to implement negative logic (NOT), which 

is often required in industrial sequences (e.g., “if sensor is not present 

then…”). 

 

Summary in Hinglish 

https://diplomawallah.in/
https://www.allaboutcircuits.com/textbook/digital/chpt-6/digital-logic-functions/?utm_source=chatgpt.com
https://www.allaboutcircuits.com/textbook/digital/chpt-6/digital-logic-functions/?utm_source=chatgpt.com
https://instrumentationtools.com/normally-closed-for-stop-buttons/?utm_source=chatgpt.com
https://click2electro.com/forum/industrial-electrical-electronics/what-is-no-and-nc-contact-in-plc/?utm_source=chatgpt.com
https://electronics.stackexchange.com/questions/498185/a-very-basic-question-about-plc-field-input-switches?utm_source=chatgpt.com
https://www.solisplc.com/tutorials/ladder-logic-symbols?utm_source=chatgpt.com
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Normally Open (NO) contact aise hota hai ke jab tak input device activate nahi hoti, 

contact khula (open) rehta hai — jab device activate hoti hai, contact close ho jaata 

hai aur logic flow allow karta hai. Normally Closed (NC) contact waise hota hai ke 

default state mein contact closed hai — jab device activate hoti hai ya condition true 

hoti hai, to contact open ho jaata hai aur logic flow rokta hai. Engineering ke view se, 

safety switches (jaise STOP button) ko NC wiring aur logic se banana recommended 

hai taaki agar wiring toot jaaye ya device fail ho jaaye to system automatically safe 

state mein chala jaaye. Ladder logic mein series/parallel NO/NC contacts se 

AND/OR/NOT logic banta hai, isliye NO/NC ka sahi use control system ka 

behaviour kaafi reliable banata hai. 

 

Topic 2: NOT Instruction (Bit Logic / Inverter) 

 

Introduction 

In industrial PLC programming, logic inversion (NOT) plays a fundamental role in 

enabling the controller to respond not only when a condition is true, but also when a 

condition is false. The NOT instruction (also called inverter logic) allows us to create 

control paths that are enabled when a sensor or input is not activated. This is 

especially useful for fail-safe design, absence detection, and negated control 

conditions. In ladder logic this is often implemented via “Examine if Open” (XIO) 

contacts or dedicated NOT/Invert instructions in other PLC programming 

languages. Understanding and correctly using NOT instructions elevates your logic 

from simple ON-conditions to advanced conditional handling, making your 

automation both robust and flexible. 

 

Definition & Behaviour 

• The NOT Instruction in PLC logic means: if the source bit = 0 (false), then 

output = 1 (true); if source bit = 1 (true), then output = 0 (false). In other 

words it inverts the logic state. (Control.com) 

• In ladder logic with contacts, the equivalent is a Normally Closed (NC) 

contact when you want “NOT input” behaviour: you allow flow when the 

input is false. In Allen-Bradley terms: XIO (Examine If Open) behaves as a 

NOT of the bit. (Reddit) 

• In other PLC languages (Structured Text for example) you may explicitly 

write Output := NOT(Input) to invert the Boolean. (solisplc.com) 

• Practically: if a limit switch LS1 indicates “Part Present” and you want logic 

when the part is absent, you invert LS1 (i.e., NOT LS1) to drive subsequent 

logic. 

https://diplomawallah.in/
https://control.com/technical-articles/plc-programming-commands-boolean-functions-and-bit-redistribution/?utm_source=chatgpt.com
https://www.reddit.com/r/PLC/comments/16nz6bo/xioxic_need_help/?utm_source=chatgpt.com
https://www.solisplc.com/tutorials/structured-text-logic-and-mathematical-instructions-motor-starter-interview-practice?utm_source=chatgpt.com
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How NOT Instruction Works in Ladder Logic 

• When scanning a rung, each contact examines a bit. If you use an NC contact 

(or XIO), you essentially examine the inverse of that bit. 

• For example: 

• |–[ XIO I:0/2 ]–( OTE O:2/0 )   

Here, when Input I:0/2 = 0 (false), XIO will be closed (logic passes), so O:2/0 = 1 

(true). When I:0/2 = 1 (true), XIO opens, logic stops, O:2/0 = 0. 

• In digital-logic terms: Output = ¬(Input) (NOT Input). 

• Using NOT logic you can implement conditions like: “If sensor NOT active 

then do X” or “If safety switch NOT engaged then shut down”. 

• The NOT instruction is frequently combined with other logic (AND, OR) to 

build complex conditions. 

 

Applications & Engineering Considerations 

• Absence detection: Use NOT logic to detect when a part is not present rather 

than when present. 

• Fail-safe monitoring: E.g., a safety sensor NC contact wired so if sensor fails 

or wire breaks (bit becomes 0) then logic triggers an alarm; you invert 

appropriately for safe state. 

• Negated conditions in sequence control: Many industrial sequences require 

“if this not yet reached” or “if stop button not pressed” — here NOT logic is 

essential. 

• Performance and clarity: Using explicit NOT instruction (or NC contact) 

makes logic clearer and avoids ambiguous conditions. 

• Avoid over-use: Excessive inversion can make the ladder logic hard to follow 

(double negatives!). Clear documentation and comments help. 

 

Diagram / Figures 

https://diplomawallah.in/
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Summary in Hinglish 

NOT instruction ka matlab hai ke jab input “true” ho to output “false” ho aur jab 

input “false” ho to output “true” ho. Ladder logic mein ise NC contact ya XIO 

instruction ke through implement kiya jaata hai — yaani “jab sensor active nahi hai” 

ya “condition fulfilled nahi hai” tab logic flow hoga. Engineeri view se, absence 

detection, fail-safe control aur negated conditions ke liye NOT logic bahut important 

hai. Yadi isko sahi tarah use nahi karein to logic complicated ho jaata hai aur 

maintenance difficult ho sakti hai. 

 

 

 

 

 

 

https://diplomawallah.in/
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Topic 3: Positive & Negative Transition Instructions 

 

 

https://diplomawallah.in/
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Introduction 

In advanced PLC programming, there are occasions when you do not just want to 

detect whether an input is ON or OFF, but you want to detect when the input 

changes its state — i.e., when it goes from OFF to ON (a rising or positive transition), 

or from ON to OFF (a falling or negative transition). These transition-instructions 

(sometimes called edge-detection instructions) enable very precise control, such as 

triggering a function exactly once at the moment a switch is pressed or released. By 

using positive and negative transition instructions you can avoid retriggering actions 

continuously while the input remains ON, and ensure that your control logic 

responds exactly at the correct moment. This elevates your sequence control from 

simple level logic to event-based logic, which is essential in automation systems 

where timing and one-shot actions matter. 

 

Definitions & Behaviour 

Positive Transition Instruction 

• Also known as a rising edge detector. It produces a short pulse (usually for 

one scan cycle) when the monitored bit changes from 0 → 1 (OFF to ON). 

(eClass) 

• In ladder logic (for example in Siemens S7 systems) it is represented as a 

special contact (often labelled “P” or “EU”) that becomes true only at that one 

scan when the transition occurs. (Totally Integrated Automation) 

• Example: If input I0.0 goes from OFF to ON, then the positive transition 

instruction detects that instant and sets an output or memory bit for just one 

https://diplomawallah.in/
https://eclass.hmu.gr/modules/document/file.php/TH109/01%20-%20%CE%A3%CE%B7%CE%BC%CE%B5%CE%B9%CF%8E%CF%83%CE%B5%CE%B9%CF%82/03%20-%20S7-200%20Instructions%20Help/01%20-%20Bit%20Logic/04%20-%20Positive%20and%20Negative%20Transition.pdf?utm_source=chatgpt.com
https://docs.tia.siemens.cloud/r/simatic_s7_1200_manual_collection_enus_20/basic-instructions/bit-logic-operations/positive-and-negative-edge-instructions?utm_source=chatgpt.com
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scan. After that, even if I0.0 remains ON, the output from the transition block 

goes OFF again. 

Negative Transition Instruction 

• Also known as a falling edge detector. It produces a short pulse when the 

monitored bit changes from 1 → 0 (ON to OFF). (eClass) 

• In ladder logic it is represented as a “N” or “ED” style contact/instruction. It 

becomes true at the moment the input turns OFF (from 1 to 0). (Totally 

Integrated Automation) 

• Example: Input I0.1 goes from ON to OFF; the negative transition instruction 

gives a pulse for one scan, which can be used to trigger an action (e.g., reset a 

latch) exactly at that moment. 

 

How They Work in Ladder Logic / Scan Cycle 

• PLC logic executes in cycles: scan inputs → evaluate logic → update outputs. 

Edge instructions compare the current state of a monitored bit with its previous 

state (from last scan) to detect the change. (Totally Integrated Automation) 

• For a positive transition (OFF → ON): if last scan the bit = 0, this scan bit = 1 

→ transition condition true → instruction output is 1 for this scan → the next 

scan, even if bit remains = 1, the transition instruction output becomes 0. 

• For a negative transition (ON → OFF): if last scan bit = 1, this scan bit = 0 → 

transition condition true → output = 1 for one scan. 

• Because the pulse is only one scan long, these instructions are excellent for 

triggering one-shot operations: e.g., setting a latch, incrementing a counter, 

toggling a state only once per press/release. 

 

Applications & Engineering Considerations 

• Triggering one-shot events: Suppose you want to start a timer when the 

START switch is pressed — but only when it is pressed, not while it is held. 

Use a positive transition instruction on the START input. 

• Reset on release: Suppose you want to stop a process when a switch is 

released. Use a negative transition instruction to detect the release edge and 

then reset or stop logic. 

• Debounce / false transitions: In real systems sensor bounce or noise may 

cause unintended transitions. While transition instructions help detect the 

change, you might still need filtering or physical debouncing upstream. 

https://diplomawallah.in/
https://eclass.hmu.gr/modules/document/file.php/TH109/01%20-%20%CE%A3%CE%B7%CE%BC%CE%B5%CE%B9%CF%8E%CF%83%CE%B5%CE%B9%CF%82/03%20-%20S7-200%20Instructions%20Help/01%20-%20Bit%20Logic/04%20-%20Positive%20and%20Negative%20Transition.pdf?utm_source=chatgpt.com
https://docs.tia.siemens.cloud/r/simatic_s7_1200_manual_collection_enus_20/basic-instructions/bit-logic-operations/positive-and-negative-edge-instructions?utm_source=chatgpt.com
https://docs.tia.siemens.cloud/r/simatic_s7_1200_manual_collection_enus_20/basic-instructions/bit-logic-operations/positive-and-negative-edge-instructions?utm_source=chatgpt.com
https://docs.tia.siemens.cloud/r/simatic_s7_1200_manual_collection_enus_20/basic-instructions/bit-logic-operations/positive-and-negative-edge-instructions?utm_source=chatgpt.com
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• Memory usage: Many PLC brands require a dedicated memory bit to store 

the prior state of the monitored bit for the edge detection. Using the same 

memory bit for other logic may cause errors. (Totally Integrated Automation) 

• Placement in network: Some PLC guidelines say the transition instruction 

cannot be placed at the very end of a branch in ladder logic (depending on 

brand) because of scan timing issues. For example, in Siemens S7 the P or N 

contact cannot be placed at branch end. (Totally Integrated Automation) 

• Scan behavior on first scan: On first PLC scan, since there is no “previous” 

state to compare to, transition instructions may not detect an edge. The first 

scan is typically ignored. (eClass) 

• Combined logic: You can combine transition instructions with SET/RESET 

(latch/unlatch) coils to build behaviors like “on press, set output; on release, 

reset output”. 

 

Example Ladder Snippets 

1. Positive edge detect 

|---[ P-contact I:0/0 ]----( OTE M_EDGE_ON )   

When input I:0/0 goes from 0→1, M_EDGE_ON is set for 1 scan. 

2. Negative edge detect 

|---[ N-contact I:0/1 ]----( OTE M_EDGE_OFF )   

When input I:0/1 goes from 1→0, M_EDGE_OFF is set for 1 scan. 

3. Use with latch 

|---[ P-contact I:0/0 ]----( OTL M_PROCESS_START )   

|---[ N-contact I:0/2 ]----( OTU M_PROCESS_START )   

Here: when I:0/0 pressed → latch M_PROCESS_START; when I:0/2 released → 

unlatch it. 

 

Summary in Hinglish 

Positive transition (rising edge) instruction vo hai jab input ya bit ka state 0 se 1 hota 

hai — us moment pe ek pulse generate hota hai. Negative transition (falling edge) 

instruction vo hai jab state 1 se 0 hota hai — tab ek pulse hota hai. Yeh pulses ek scan 

ke liye hi active rehte hain. Engineering perspective se, agar hume “button pressed” 

ya “sensor released” jaise events pe sirf ek baar action lena hai (na ki har scan) — tab 

edge-detection instructions bahut useful hain. Logic design mein sanjhdari se 

https://diplomawallah.in/
https://docs.tia.siemens.cloud/r/simatic_s7_1200_manual_collection_enus_20/basic-instructions/bit-logic-operations/positive-and-negative-edge-instructions?utm_source=chatgpt.com
https://docs.tia.siemens.cloud/r/simatic_s7_1200_manual_collection_enus_20/basic-instructions/bit-logic-operations/positive-and-negative-edge-instructions?utm_source=chatgpt.com
https://eclass.hmu.gr/modules/document/file.php/TH109/01%20-%20%CE%A3%CE%B7%CE%BC%CE%B5%CE%B9%CF%8E%CF%83%CE%B5%CE%B9%CF%82/03%20-%20S7-200%20Instructions%20Help/01%20-%20Bit%20Logic/04%20-%20Positive%20and%20Negative%20Transition.pdf?utm_source=chatgpt.com


DIPLOMA WALLAH  5th Semester 

14 
 

memory bits, scan timing aur placement ka dhyan rakhna chahiye taaki false triggers 

ya missed events na ho. 

 

If you like, I can create some exercise problems on positive/negative transitions 

(plus solutions) that you can use for practice or assignment. Would you like those? 

Excellent — let’s go deeper into Topic 3: Positive & Negative Transition 

Instructions at engineering level with full theory, diagrams, vendor-specific details, 

and summary in Hinglish. 

 

 

https://diplomawallah.in/
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Introduction 

In industrial automation with PLCs, many control tasks depend not just on whether 

a signal is ON or OFF, but when that change happens. That is why edge-detection 

(transition) instructions are crucial: they enable the logic to respond exactly at the 

moment a bit changes state — for example when a sensor goes from OFF to ON, or 

from ON to OFF. With rising (positive) and falling (negative) edge instructions, the 

logic becomes event-based rather than level-based. This capability is essential for 

actions that must trigger once at the transition moment (not continuously while the 

condition remains). Engineering-wise, you’ll find these instructions in advanced 

sequence controls (counters, synchronizations, one-shot actions) and safety/event-

driven logic, powering stable and predictable automation systems. 

 

Definitions & Behaviour 

Positive Transition (Rising Edge) 

• A rising edge occurs when a monitored input or bit changes from 0 → 1 (OFF 

to ON). (plcai.app) 

• The instruction detects this change and yields a short output pulse (often one 

scan cycle) when the transition happens. (The Engineering Projects) 

https://diplomawallah.in/
https://plcai.app/plc-ai-blog/f/positive-and-negative-edge-detection-in-tia-portal?utm_source=chatgpt.com
https://www.theengineeringprojects.com/2021/12/signal-edge-detection-in-ladder-logic.html?utm_source=chatgpt.com
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• Example: Input I0.0 was 0 last scan, now becomes 1 → the rising edge 

instruction flags TRUE only this scan. 

• In vendor-specific PLCs (e.g., Siemens S7-1200) the symbol is “P” contact 

(positive edge) in ladder logic. (docs.tia.siemens.cloud) 

Negative Transition (Falling Edge) 

• A falling edge occurs when a monitored input or bit changes from 1 → 0 (ON 

to OFF). (The Engineering Projects) 

• The instruction detects this change and yields a short pulse when the 

transition happens. 

• Example: Input I0.1 was 1 last scan, now becomes 0 → falling edge instruction 

becomes TRUE this scan. 

• In Siemens S7 ladder logic this is often represented with “N” or “N-contact” 

(negative edge) symbol. (docs.tia.siemens.cloud) 

 

How They Work in PLC Scan & Ladder Logic 

• A PLC executes in scan cycles: read inputs → evaluate logic → update 

outputs. 

• Edge instructions compare the current bit state to the previous scan’s state 

(stored internally) to detect the transition. (docs.tia.siemens.cloud) 

• For rising edge: previous bit = 0 and current bit = 1 → edge detected → 

output pulse = 1 for this scan. 

• For falling edge: previous bit = 1 and current bit = 0 → edge detected → 

output pulse = 1 for this scan. 

• After detection, even if bit remains in new state (e.g., 1 for rising edge), the 

edge output goes back to 0 next scan because there is no further state change. 

• Some key rules (e.g., Siemens S7): the “P” or “N” contacts must not be placed 

at the end of a network or at beginning in certain cases — the location affects 

correct behaviour. (docs.tia.siemens.cloud) 

• Edge detection requires a dedicated memory bit/tag for previous state 

storage — reuse of that memory bit for other logic can break correct detection. 

(docs.tia.siemens.cloud) 

 

Applications & Engineering Considerations 

https://diplomawallah.in/
https://docs.tia.siemens.cloud/r/simatic_s7_1200_manual_collection_enus_20/basic-instructions/bit-logic-operations/positive-and-negative-edge-instructions?utm_source=chatgpt.com
https://www.theengineeringprojects.com/2021/12/signal-edge-detection-in-ladder-logic.html?utm_source=chatgpt.com
https://docs.tia.siemens.cloud/r/simatic_s7_1200_manual_collection_enus_20/basic-instructions/bit-logic-operations/positive-and-negative-edge-instructions?utm_source=chatgpt.com
https://docs.tia.siemens.cloud/r/simatic_s7_1200_manual_collection_enus_20/basic-instructions/bit-logic-operations/positive-and-negative-edge-instructions?utm_source=chatgpt.com
https://docs.tia.siemens.cloud/r/simatic_s7_1200_manual_collection_enus_20/basic-instructions/bit-logic-operations/positive-and-negative-edge-instructions?utm_source=chatgpt.com
https://docs.tia.siemens.cloud/r/simatic_s7_1200_manual_collection_enus_20/basic-instructions/bit-logic-operations/positive-and-negative-edge-instructions?utm_source=chatgpt.com
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• Triggering one-shot actions: When you want an event to happen exactly once 

on pressing a button or when a sensor changes, use a rising edge instruction. 

Example: On pressing Start push-button (0 → 1), set a latch or increment a 

counter. 

• Release or leave detection: When you want logic when a sensor goes from 

active to inactive use a falling edge. 

Example: When a box leaves a sensor zone (1 → 0) you trigger the next step. 

• Timers & Counters: Edge detection ensures that timers/counters don’t keep 

starting continuously while input remains active — only when it changes. 

(The Engineering Projects) 

• Safety and Event-Driven Logic: In safety logic you might need to detect 

when a guard switch opens (1 → 0) instantly and take action; falling edge 

instruction is perfect. 

• Noise, Debounce & False Transitions: In real systems sensors may bounce or 

flicker causing multiple transitions. Edge detection won’t inherently remove 

noise; you may still need hardware/firmware debounce or filtering. 

• Memory & Tag Management: Use unique memory bits for previous-state 

storage (per edge instruction) as recommended by vendor; don’t share across 

instructions. (docs.tia.siemens.cloud) 

• First Scan Behavior: On the very first PLC scan after program starts, the 

“previous state” is undefined; edge instructions may trigger unexpectedly or 

not at all — take into account in design. 

• Placement & Scan Order: Because logic evaluation and output update order 

matter, the physical placement of the edge instruction in the ladder branch 

may affect timing; vendor manuals often give best practices (e.g., Siemens 

forbids at branch end). (docs.tia.siemens.cloud) 

 

 

Summary in Hinglish 

Positive edge instruction ka matlab hai jab ek input ya bit 0 se 1 mein change hoti hai 

— us exact moment pe ek pulse generate hota hai. Negative edge instruction tab 

kaam karega jab bit 1 se 0 ho jaati hai. Engineering terms mein, agar hume kisi action 

ko sirf ek baar trigger karna hai (na ki baar-baar jab condition ON hai) ya jab 

condition khali ho jaaye — tab edge detection instructions bahut useful hain. System 

design mein tag memory, debounce, scan order aur placement ka dhyaan rakhna 

bahut zaroori hai taaki reliable behaviour mile. 
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Great — moving on to Topic 4: Set and Reset Coils (Latch/Unlatch Instructions) 

with full detailed theory, diagrams, and summary in Hinglish. 

 

 

https://diplomawallah.in/


DIPLOMA WALLAH  5th Semester 

19 
 

 

 

 

 

Introduction 

In PLC programming, sometimes you need an output or internal bit to remain in its 

state (ON or OFF) even after the activating condition changes. That’s where Set (S) 

and Reset (R) coils (also called Latch/Unlatch) come into play. Unlike a standard 

output coil, which follows the logic contact condition each scan, a Set coil will “hold” 

the output bit ON until a Reset coil logic action turns it OFF. This allows designing 

memory behaviours, state machines, and sequences that persist beyond one scan or 

input event. Mastering Set/Reset is key for building stable control systems and 

avoiding unintended behaviours such as outputs flickering or resetting 

unexpectedly. 
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Definitions & Behaviour 

• Set Coil (S / Latch): When the logic preceding the Set coil is true, the 

associated bit is set to TRUE (ON). Once set, the bit remains ON even if the 

logic input goes false. Only a Reset coil (or equivalent logic) can turn it OFF. 

(plcsimulator.online) 

• Reset Coil (R / Unlatch): When the logic preceding the Reset coil is true, the 

associated bit is set to FALSE (OFF). Once reset, the bit remains OFF until a 

Set action occurs. (unitronicsplc.com) 

• Coil vs Set/Reset Comparison: A standard output coil (OTE) simply 

energizes the bit if logic flows to it during that scan; when logic stops, the bit 

goes off. In contrast, Set/Reset coils are retentive— they maintain state 

beyond the scan where logic was true. (Control.com) 

• Retentive behaviour: Many Set/Reset instructions are retentive— i.e., if the 

PLC loses power or is reset, they may retain their state (depending on 

platform). Standard coils reset when logic is lost. (contactandcoil.com) 

 

How They Work in Ladder Logic 

• You typically have two separate rungs (or branches) controlling the same 

bit/tag: one rung for Set, another for Reset. For example: 

• Rung A: [Condition1] ----( S Coil Tag_M )   

• Rung B: [Condition2] ----( R Coil Tag_M )   

• When Condition1 becomes true, Tag_M is set true (latched), and stays true 

even after Condition1 goes false. 

• When Condition2 becomes true, Tag_M is reset (turned OFF), and stays OFF 

until a next Set event. 

• The scan order matters: If in same scan both Set and Reset conditions are true, 

the one executed later in the program will determine final state. That means 

you must design and document the priority. (plcacademy.com) 

• Example of use: Start motor pushbutton sets a “Motor Running” latch; Stop 

button, or a fault, resets it. 

• Set/Reset coils are often used for internal memory bits (M or B tags) rather 

than direct physical outputs, though they can be used for outputs if designed 

carefully. 

 

Applications & Engineering Considerations 
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• State machines / sequence control: When you need to progress from one step 

to another and retain the current step state until an event occurs, latches are 

ideal. 

• Memory/holding logic: E.g., “press once to start, press later or fault to stop” 

behaviour. 

• Avoiding simultaneous conflicting writes: As the documentation warns, 

using multiple Sets or Resets for the same tag or mixing OTE and S/R coils 

for same tag can introduce errors and make troubleshooting difficult. 

(contactandcoil.com) 

• Retentive vs non-retentive: Check whether your platform’s Set/Reset is 

retentive across power cycles — this matters for system restart behaviour. 

Some systems may store in battery backed memory; others might lose state. 

(contactandcoil.com) 

• Good programming practice: Many recommend using exactly one Set coil 

and one Reset coil for each memory bit, placed adjacent or documented 

clearly. Avoid scattering multiple Set/Reset for same tag all over the code. 

(contactandcoil.com) 

• Scan timing & interlocks: Because state can persist, ensure that when you 

reset a latch you consider all interlocks, and ensure other rungs don’t 

erroneously re-set it in the same scan or next scan. 

• Startup / first scan logic: On PLC startup, memory bits may default to 0 or 

retain last state; latch logic must consider what initial state is desired. 

• Diagnostics and maintenance: Use clear naming and documentation so 

future engineers understand which bits are latched and how they reset. 

Unclear latch logic is a common source of errors in automation systems. 

 

 

Summary in Hinglish 

Set coil ka matlab hai: ek baar condition true hui to us tag ko ON kar do, aur jab tak 

reset coil na chal jaye, woh ON hi rahega. Reset coil ka matlab hai: jab condition true 

ho, tag ko OFF kar do, aur tab tak OFF rahega jab tak dubara Set na ho. Engineering 

ke nazariye se, latch/unlatch logic bahut useful hai state machines, memory holding, 

sequence control ke liye — lekin ise sahi tarah design karna zaroori hai (ek tag ke 

liye ek Set aur ek Reset, priority samajhna, scan timing ka dhyan). Agar galat use ho 

jaye to system confusing ho sakta hai aur troubleshooting bahut mushkil. 
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Great — let’s dig into Topic 5: Immediate Contacts & Immediate Outputs with full 

engineering-level depth. 
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Introduction 

In many industrial applications, actions must occur immediately when a field device 

changes state — without waiting for the normal PLC scan cycle to complete. This is 

where immediate contacts and immediate output (or immediate instructions) 

become critical: they allow the PLC to bypass the regular input/output image table 

update and act on the physical I/O module state instantly. For high-speed sensors, 

very fast conveyors, or safety interlocks where reaction time matters, immediate 

instructions provide the extra responsiveness needed. Understanding how, when, 

and why to use them is essential for designing automation systems that meet strict 

timing and safety requirements. 

 

Definitions & Behaviour 

• Immediate Contact (Immediate Input) 

This instruction causes the PLC to read the actual physical input terminal 

state directly at the time the instruction is executed in the ladder logic, rather 
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than relying on the input image table updated at the start of the scan. In other 

words, it “immediately” obtains the real-world input status. (Scribd) 

Example: In some PLCs (like Siemens S7-200) the immediate contact is 

denoted by an “I” or special symbol in front of the operand. (Scribd) 

This ensures that very recent changes on the input hardware are captured 

without waiting for next scan. 

• Immediate Output (Immediate Write) 

Similar concept for outputs: when the instruction executes, the output bit in 

the image table (and/or the physical output module) is updated immediately 

rather than waiting for the next standard output update cycle. This enables 

very fast switching of outputs when required. (EZ Automation) 

• Why “Immediate”? 

Typically, PLC operation is: Read inputs → execute logic → update outputs. 

Standard contacts read from an input image table (captured at the start of 

scan) and outputs get updated at end of logic evaluation. With immediate 

instructions, you bypass the image table delay and act right away. This 

reduces latency and allows high-speed control. (EZ Automation) 

 

How They Work in Ladder Logic / Scan Cycle 

• In a normal scan, when an input changes after the “Read Inputs” phase, that 

change will only be visible to logic in the next scan. This introduces a delay of 

up to one full scan time. With immediate contacts you can detect the change 

within the same scan. (EZ Automation) 

• Similarly for outputs: immediate output instructions update the output image 

(and maybe module) instantly rather than at end of scan. 

• Example: Suppose a limit switch toggles at high frequency and you need to 

stop a motor immediately. Using a standard contact you might have a small 

delay (scan time) before logic responds. Using an immediate contact you 

respond right when the switch changes state. 

• Engineering note: Because immediate instructions bypass standard image 

tables, they must be used carefully — misuse can cause unexpected 

behaviour, race conditions, or conflicts with normal logic. 

 

Applications & Engineering Considerations 

• High-speed sensors / events: For signals that change faster than typical scan 

times (e.g., high-speed encoders, rapid part detection) immediate instruction 

ensures timely response. 
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• Safety or emergency interlocks: In critical systems where delay cannot be 

tolerated, immediate outputs ensure actuators respond instantly. 

• Scan time optimization: When your PLC program is large and scan takes 

long, immediate instructions help mitigate latency for time-sensitive parts of 

the system. (EZ Automation) 

• Vendor-specific caution: Different PLC manufacturers implement immediate 

instructions differently (naming, symbol, limitations). For example, 

Allen-Bradley PLC-5 supports IIN/IOT instructions (“Immediate Input”, 

“Immediate Output”) per the reference manual. (Rockwell Automation) 

• Conflict with standard logic: Since immediate instructions access physical 

I/O directly (not image table), there’s risk of inconsistent state if other logic 

also reads/writes same bit via standard contacts. Proper design separation 

and documentation is essential. 

• Maintenance & readability: Over-use of immediate instructions can make the 

program difficult to inspect and maintain, because the timing becomes non-

uniform. Use only when necessary. 

• Scan timing & determinism: Immediate instructions may affect scan 

determinism or timing behaviour; in safety systems this must be verified. 

• Hardware & module support: Some I/O modules might not support true 

immediate access or may introduce their own delays; always check datasheet. 

• First-scan / initialization behaviour: On power up, image tables may not yet 

reflect actual I/O states; immediate instructions might read “raw” states 

which may require initialization logic. 

 

 

Summary in Hinglish 

Immediate contacts aur immediate output instructions ka matlab hai ke PLC normal 

scan cycle ke “input image read → logic → output update” chain ko bypass karke 

turant real-world I/O module state ke saath work kare. Jab kisi sensor ya actuator 

change bahut fast ho raha ho ya latency bilkul kam honi chahiye, tab ye use karte 

hain. Engineering ke nazariye se, inka use bahut carefully hona chahiye — kyunki 

standard logic ke saath interference ho sakti hai, maintenance mushkil ho sakti hai. 

Yadi zarurat ho to use karo — lekin har rung ke liye nahi. 

 

Topic 6: Normally Open (NO) & Normally Closed (NC) Contacts — Deep 

Engineering-Level Notes 
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Introduction 

In the domain of PLC automation and ladder logic programming, the terms Normally 

Open (NO) and Normally Closed (NC) are among the most fundamental concepts. 

These terms describe the default (rest) state of a contact or switch when no external 

actuation or energizing force is applied. A clear understanding of NO and NC 

contacts is critical because they directly influence the logic flow of the ladder 

diagram, the behaviour of safety circuits, and the fault-tolerance of the system. From 

selecting physical sensors to writing ladder logic instructions, the choice between 

NO and NC affects how your automation system responds to normal conditions, 

actuation events, wiring faults, and emergency states. 

 

Definitions & Detailed Behaviour 
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Normally Open (NO) Contact 

• A NO contact is open in its normal (unactuated, de-energized) state — 

meaning no electrical continuity (or logic path) exists when the associated 

switch/sensor is not triggered. (forumautomation.com) 

• When the associated input condition becomes true (e.g., a sensor sees a part, a 

push-button is pressed, a limit switch actuates), the NO contact closes, 

establishing continuity (or allowing the logic “flow” in ladder logic). 

(Control.com) 

• In ladder logic diagrams, NO contacts are shown as —| |— (or equivalent). 

(plcsimulator.online) 

• Digital-logic translation: If we denote the input bit as I, then the NO contact 

passes logic when I = 1 (true). 

• Typical usage: NO is commonly used for “start” or “go” conditions, where 

the logic must proceed only when a device is actively caused to trigger. For 

example, a “Start” push-button may be wired NO so that when pressed, 

contact closes and motor starts. 

Normally Closed (NC) Contact 

• A NC contact is closed in its normal (unactuated, de-energized) state — 

meaning electrical continuity is present or the logic path is enabled when the 

associated switch/sensor is not triggered. (Click2Electro) 

• When its associated input condition becomes true (e.g., switch actuated, 

sensor triggered), the NC contact opens, interrupting continuity (or blocking 

logic flow). (Control.com) 

• In ladder logic diagrams, NC contacts are shown as —|/|— (or equivalent). 

(plcsimulator.online) 

• Digital-logic translation: If input bit I = 0 (false), NC contact passes logic 

(because closed). If I = 1, contact opens (blocks logic). 

• Typical usage: NC is often used for “stop,” “fault,” or safety interlock 

conditions, because in the normal state (no fault, no actuation), the circuit 

remains closed; actuation (or fault) opens the contact to stop logic. 

 

How They Are Used in PLC Ladder Logic & Practical Engineering Perspective 

• In ladder logic, the goal is to allow the “rung” to energize the coil/output 

only if the logic path from left rail to right rail is closed. Contacts (NO/NC) 

form the logic path. A NO contact contributes closure only when its 
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controlling bit is true; a NC contact contributes closure when its controlling 

bit is false. (triplc.com) 

• Example truth table: 

Contact Type Input Bit (I) Contact State Logic Flow? 

NO 0 Open No 

NO 1 Closed Yes 

NC 0 Closed Yes 

NC 1 Open No 

• From an engineering safety standpoint: If a wiring fault or sensor failure (wire 

break, open circuit) occurs, the system design must ensure it fails to a safe 

state. Thus for critical functions like “Stop” or “E-stop”, using NC contacts 

(wired and logically) helps ensure that any break/default state opens the 

logic path and stops the machine. (plcacademy.com) 

• Physical wiring vs logic symbol: It is very important to distinguish the 

physical contact type (NO or NC switch) from the logic instruction in the PLC 

(XIC/XIO in Allen-Bradley, or NO/NC contact symbol in ladder). The logic 

designer may choose to use an XIO (examine if open) instruction even if the 

physical switch is NO to achieve the desired logic. This decoupling means the 

physical wiring and logic instruction must be considered together. (Electrical 

Engineering Stack Exchange) 

• In digital logic language: 

o NO contact = “pass the signal if input is 1” 

o NC contact = “pass the signal if input is 0” (i.e., equivalent to a NOT 

gate on that input) (All About Circuits) 

• Contact combinations: Using NO and NC contacts in series/parallel allows 

you to implement AND, OR, and NOT functions in ladder logic. From a 

combinational logic viewpoint: 

o Series NO contacts = AND (all must be true) 

o Parallel NO contacts = OR (any one true) 

o NC contacts act like inverted inputs (NOT) in those combinations. (All 

About Circuits) 

 

Engineering Best-Practices, Applications & Considerations 
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• Stop and Safety Circuits: Always consider fail-safe. For example, a stop 

button often should be wired NC so that if the wiring breaks or button fails, 

the circuit opens and machine stops. This design reduces risk of unintended 

machine operation. (plcacademy.com) 

• Start Circuits: A start push-button might be wired NO so that only when 

pressed does it close and allow logic to proceed. 

• Avoiding Ambiguity: Documentation should clearly show whether a contact 

is physically NO or NC, and the ladder logic symbol/instruction used. 

Confusion between wiring and logic symbol is a common source of error. 

(PLCtalk) 

• Response to Wire Faults: Use NC contacts for critical safety devices because 

if a wire breaks (open circuit) that is equivalent to the NC contact being open 

(since it is wired normally closed) and thus triggers interruption — desired 

for safety. Using NO contacts here might leave circuit closed (unsafe) in fault. 

(Inst Tools) 

• Sensor Selection: The choice between NO and NC sensor depends on 

application. For example, a low-level liquid sensor might be NC so that the 

circuit remains closed under normal levels (so that any failure or low level 

triggers open). (Upmation) 

• Logic Mapping: In PLC programming, NO/NC logic mapping might differ: 

For example, you may wire a physical NO switch but use a NC contact 

instruction (XIO) if you want logic to pass when the switch is not pressed. 

Always map physical state → input bit → logic instruction carefully. 

• Startup and Reset Conditions: The “normal” state means unactuated. Upon 

power-up, verify what that means for the actual wiring and logic state, and 

ensure your program handles default/uninitialized states safely. 

• Maintenance Viewpoint: Future technicians must inspect wiring and logic. 

Clear labeling (“PB_Start – NO”, “LimSwitch1 – NC”, etc.) with logic 

comments reduces error risk. 

• Scan Timing & Logic Flow: Use NO/NC contacts consistent with the logic 

flow you expect. A contact wired incorrectly or symbol mis-used can lead to 

inverted logic, hidden bugs, or unexpected behaviour. 

 

Summary in Hinglish 

Normally Open (NO) contact ka matlab hai- normal state (jab device actuated nahi 

hai) mein contact open rehta hai, jab device ya sensor trigger hona shuru kare tab 

contact close hota hai aur logic ya current flow allow karta hai. Normally Closed 

(NC) contact ka matlab hai- normal state mein contact closed rehta hai, aur jab 
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device actuates ya condition true ho jaati hai, contact open ho jaata hai aur logic flow 

rok deta hai. Engineering wise, safety functions jaise “STOP” ya “E-stop” ke liye NC 

contacts best hain kyunki agar wiring open ho jaaye ya device fail ho jaaye, circuit 

automatic safe state mein chala jaata hai. Logic design aur physical wiring dono ko 

sahi tarah map karna bahut zaroori hai taaki system stable aur predictable bane. 

 

Alright — here’s Topic 7: Immediate Contacts & Output Immediate Instructions in 

full engineering-level detail. 
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Introduction 

In many industrial control systems, especially those requiring fast response or 

dealing with high-speed events, simply relying on the standard PLC scan cycle (read 

inputs → solve logic → write outputs) may not be sufficient. A change in a field 

input might occur after the scan’s input sampling phase, meaning the logic would 

only see that change in the next scan—introducing a delay. To overcome this, PLCs 

offer Immediate Contacts / Immediate Input instructions and Immediate Output 

instructions (sometimes called “IIN/IOT” or “Immediate I/O”) which allow the 

logic to read a physical I/O state or write an output immediately, bypassing or 

interrupting the normal image table update routine. Understanding and using these 
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instructions is essential for engineering systems that demand low latency, precise 

timing, or high-speed interaction. 

 

Definitions & Behaviour 

Immediate Contact (Immediate Input Instruction) 

• This instruction reads the physical input module’s terminal directly at the 

moment the rung executes, rather than relying on the input image table 

captured at the start of the scan. (EZ Automation) 

• It allows the PLC program to respond to an input change that occurred after 

the standard “Read Inputs” phase of the scan—reducing latency. For 

example, the moment a high-speed sensor triggers, an immediate contact may 

detect the change in the same scan rather than the next. (EZ Automation) 

• Important: Because it bypasses the input image table, the programmer must 

ensure that this direct reading does not conflict with other logic that uses the 

image table for the same input bit. 

Immediate Output (Immediate Output Instruction) 

• Called “IOT” in Allen-Bradley / Rockwell documentation: this instruction 

immediately updates the specified output tag or I/O module, bypassing the 

standard output update cycle. (Rockwell Automation) 

• When the rung condition is true, the immediate output instruction writes to 

the module or tag immediately (or near-immediately) rather than waiting 

until the end of the scan or next output refresh. This can be critical for timely 

control of actuators or interlocks. (The Automization) 

• Example: If a safety interlock must drop within microseconds when a guard 

opens, an immediate output instruction may ensure the actuator is de-

energized right away rather than after standard output update. 

 

How They Work within the PLC Scan Cycle 

• A typical PLC scan: 

1. Read all input module statuses into the input image table. 

2. Execute user logic (ladder rungs) using the image table values for 

inputs and internal memory bits. 

3. Write output image table contents to the physical output modules. 

(EZ Automation) 
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• The problem: if an input changes after step 1 but before or during step 2, the 

standard logic will only see the new state in the next scan — introducing 

delay. (Inst Tools) 

• With an Immediate Input instruction: when the rung executes, the instruction 

requests the physical input module status directly, rather than waiting for 

image table refresh. This allows the logic to respond within the same scan. 

(Junchuang Automation Technology) 

• With an Immediate Output instruction: when the logic condition is met, the 

instruction writes to the output module immediately (or nearly so), resetting 

output refresh timing concerns. For example, Rockwell’s IOT instruction 

“overrides the requested packet interval (RPI) … and sends fresh data” 

immediately. (Rockwell Automation) 

• Engineering note: Using them changes the timing and determinism of the 

system, so you must understand consequences: e.g., other logic reading the 

same output bit in the same scan may get unexpected states due to race 

conditions. 

 

Applications & Engineering Considerations 

• High-speed sensors/encoders: If part detection, counting or indexing 

happens faster than the normal scan time, immediate instructions ensure no 

pulses or events are missed. (Inst Tools) 

• Safety interlocks / fast shutdown: Where a guard opens or an emergency 

stop condition must be handled with minimal delay, immediate I/O ensures 

rapid response. 

• Time‐critical actuators: For example, vacuum grippers, stamping presses or 

ejection systems requiring very short reaction times. 

• Latency minimisation: In systems where scan time is large (many rungs, 

many modules), immediate instructions help critical branches run with 

minimal delay. 

• Vendor limitations/complexities: 

o Not all I/O modules support true immediate access; check hardware 

specifications. 

o Platforms may treat immediate instructions differently; for example, 

Rockwell’s IOT instruction mention: the connection must be open, and 

outputs grouped by RPI may be affected. (Rockwell Automation) 

• Programming and maintenance caution: 
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o Over-use of immediate instructions can compromise program clarity 

and maintainability. 

o Conflicts may arise: if you use standard logic to write a bit, and 

immediate logic also writes or reads it, race conditions or 

indeterminate states may occur. 

o Document every immediate instruction clearly (why it is used, what 

the timing requirement is). 

• Scan determinism: Because immediate instructions break the “image table” 

assumption, the scan-to-scan behaviour may differ; test thoroughly under all 

conditions. 

• First scan / start-up behaviour: On PLC power-up, image table may be 

undefined; immediate instructions reading physical module may get raw 

unwanted states — consider initialization logic. 

 

Example Ladder Logic Snippets 

Rung A: |---[ IMM_INPUT I:0/5 ]---( OTE O:2/3 )   

// When physical input terminal I:0/5 changes (even mid-scan) the logic acts 

immediately. 

 

Rung B: |---[ XIC I:0/6 ]---( IMM_OUTPUT O:2/4 )   

// When I:0/6 true, immediate output instruction writes O:2/4 at once rather than 

waiting end of scan. 

Vendor example (Rockwell Allen-Bradley): 

IOT Output_Tag 

// IOT instruction: immediate output update for the specified output tag. 

:contentReference[oaicite:11]{index=11} 

 

Summary in Hinglish 

Immediate contact ya output instruction ka matlab hai ke PLC normal “scan cycle” 

ke next round tak wait nahi karega, balki input change ya output write turant karega 

— jisse reaction time bahut kam ho jaata hai. Engineering design mein ye un 

situations ke liye bahut important hai jahan sensor bahut tez change kar raha hai ya 

actuator ka response bilkul jaldi chahiye. Lekin isi ke saath, aise instructions ko use 

karte waqt timing, logic conflicts, hardware support aur documentation ka full khyal 
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rakhna hota hai. Agar galat use karein, to logic unpredictable ya hard to maintain 

ban sakta hai. 

 

Topic 8: Set Immediate & Reset Immediate with full engineering-level detail. 
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Introduction 

In advanced PLC applications, particularly where very high speeds or extremely 

short response times are required (for example high-speed packaging, stamping, or 

indexing systems), the ordinary Set (S) and Reset (R) instructions may introduce too 

much delay because they depend on the standard PLC scan or I/O image update 

cycle. To address this, many PLC platforms provide Set Immediate and Reset 

Immediate instructions (sometimes abbreviated SETI / RSTI, or SETIM / RSTIM) 

which force a bit or output to change state immediately in the same scan, bypassing 

the normal update tables. These instructions allow the control designer to build 

ultra-fast latching behaviour for critical bits or high-speed outputs, making them 

very important for “real-time” transitions in automation systems. 

 

Definitions & Behaviour 

• Set Immediate (SETI, or immediate Set coil): When the preceding logic 

condition becomes true, this instruction sets (latches) the target bit or output 

immediately — it does not wait for the end of scan I/O update. The bit 

remains latched until a Reset (or Reset Immediate) instruction clears it. For 

example: “SETI B3:0/5” means as soon as the logic enabling that instruction is 

true, B3:0/5 goes ON right away. 

• Reset Immediate (RSTI, or immediate Reset coil): Similarly, when its 

enabling logic becomes true, the target bit or output is reset (turned OFF) 

immediately — again bypassing or overriding the usual output image delay. 

E.g., “RSTI B3:0/5” will turn B3:0/5 OFF instantly when logic executes. (Host 

Engineering) 

• These instructions are often paired: you use SETI to latch a high-speed event, 

and RSTI to unlatch it when appropriate. For example, a high-speed encoder 

pulse or limit switch event might trigger a SETI, and another condition 

triggers RSTI. (Host Engineering) 

• Because they bypass normal logic/scan timing constraints, they are 

considered “high-speed” or “immediate” bit logic instructions. Many PLC 
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manuals list them under “High speed instructions” or “Bit logic instructions – 

immediate”. (Scribd) 

 

How They Work in Ladder Logic & Timing Considerations 

• Under normal ladder logic, a standard Set coil (S) will set the bit during the 

logic evaluation phase, but the physical output (if it is tied to an output 

module) may not physically change until the end-of-scan output refresh. With 

SETI, the target is updated immediately within the scan sequence. 

• For example, typical scan sequence: 

1. Read inputs into image table 

2. Execute ladder rungs (contacts/logic) 

3. Write outputs from image table to physical modules 

• With SETI/RSTI you are effectively forcing a modification to the bit/image or 

output in step 2 (or mid-step), bypassing the delay of step 3. This reduces 

latency and ensures the response happens in the scan cycle where the 

condition occurred. 

• Because of this, special care is required: you must ensure that no other rung or 

logic in the same scan will contradict or overwrite that bit in a conflicting 

way, and that you understand how your platform handles immediate 

instructions (some may lock the bit, some may still require a “write” to 

physical module). 

• The manual for one PLC says: “It is not necessary for the input logic to remain 

ON for the discrete output point to remain OFF when using RSTI; and it is not 

necessary for the code‐block containing the instruction to remain enabled for 

the output to remain OFF.” (Host Engineering) 

• Thus, these instructions are truly independent once triggered (the 

latch/unlatch remains even if enabling logic drops). That characteristic must 

be documented in design to avoid unexpected latched states. 

 

Applications & Engineering Considerations 

• High-Speed Event Capturing: Suppose a box is moving very rapidly and 

crosses a sensor. You want to capture that event and latch a bit immediately 

to trigger stamping. Using SETI ensures you don’t miss the event due to scan 

delay. 
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• Critical Safety or Timing Zones: In some machines, a guard opens or a limit 

switch is actuated, and you must immediately unlatch a motor output or stop 

motion. RSTI helps you achieve quicker response. 

• Memory Bits vs Physical Outputs: It is common to use SETI/RSTI for 

memory bits (internal B/M bits) rather than physical outputs, because mixing 

immediate instructions with standard OTE logic can create race conditions. 

Document clearly which bits use immediate vs normal. 

• Priority and Conflict Avoidance: Since immediate instructions act within the 

same scan, other rung logic later in the same scan might override or conflict. 

Establish design rules: e.g., for any given bit, either use immediate logic or 

standard, not both in same scan, or place immediate logic in one clear zone. 

• Hardware Support: Check whether your PLC I/O modules, communication 

interfaces, or bus architecture truly support “immediate” write/read. Some 

“high speed” bits may be limited to internal memory and not directly tied to 

output modules. For example: “RSTI … will only operate with one of the 

High-Speed on-board discrete outputs of the MPUs and … the outputs on a 

BRX HSIO module.” (Host Engineering) 

• Documentation & Safety: Because the timing behaviour is different from 

standard logic, you must document clearly in design/spec that bits are 

immediate, why they are, and under what conditions they latch/unlatch. 

Maintenance engineers must know to watch these bits carefully. 

• Reset on Startup: On power up or PLC reset, you must decide whether 

immediate latch bits should default to OFF or ON. If they retain previous 

state, you may have unintended machine behaviour. Include initialization 

logic or reset conditions. 

• Test Thoroughly Under Worst-Case Scan Time: Because the behaviour is 

tied to scan cycle, if scan time increases (due to more code or more network 

traffic) you still must guarantee SETI/RSTI perform reliably. 

• Edge vs Latch Hybrids: Often SETI is paired with a rising-edge detection 

contact (POS) so that you latch only when the event occurs, not if the 

condition is held. That gives you a “one-shot immediate set” behaviour which 

is very useful. 

 

 

Summary in Hinglish 

Set Immediate aur Reset Immediate instructions ka use uss situation mein hota hai 

jab PLC ko turant kisi bit ya output ko set ya reset karna hai — bina standard scan 

delay ke. Yaani jab sensor ya event bahut fast ho, aapko delay nahi chahiye, tab 
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SETI/RSTI ka istemal karte hain. Engineering level pe, ye instructions bahut 

powerful hain lekin sahi design aur documentation ke bina dangerous bhi ho sakte 

hain (race conditions, conflicting logic, hardware limitations). Aapko clearly specify 

karna hoga ki kaunse bits immediate hain, unka initialization kya hai aur kaise 

maintain honge. 

 

Topic 9: Summary & Integration of All Bit-Logic Instructions  

 

Introduction 

In the world of PLC (Programmable Logic Controller) programming, bit-logic 

instructions form the backbone of control logic. These instructions determine how 

inputs, internal bits and outputs interact in binary form (0/1) to manage machines 

and processes. Rather than being isolated, each type of bit-logic instruction (contacts, 

coils, set/reset, edge detection, immediate operations) works in concert to form 

robust, reliable automation systems. Understanding how they integrate, when to use 

each, and what trade-offs exist (scan timing, fault-tolerance, hardware support) is 

essential for a PLC engineer. This topic summarises all major bit-logic instruction 

types, clarifies their relationships, and gives you a practical “cheat-sheet” for 

reference. 

 

Instruction Types – Overview & Comparison 

Instruction 

Category 

Typical 

Symbol / 

Mnemonic 

Function Use-Case Key 

Considerations 

Standard 

Contacts – NO / 

NC 

NO: `— 
 

—; NC:— / 

Coils (Output 

Energize) 

OTE or coil 

symbol ( ) 

Drive an 

output or 

internal bit 

based on 

logic path 

Direct 

output 

control 

Obeys scan delay; 

not latched unless 

held in logic 

Set & Reset 

(Latch/Unlatch) 

S, R (or 

OTL/OTU) 

Latch or 

unlatch a bit 

so it holds 

state beyond 

scan 

State 

machines, 

memory 

holding 

Ensure exactly 

one set/reset per 

bit; manage 

startup state 
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Positive / 

Negative 

Transition (Edge) 

P, N or 

ONS/ONS 

contact 

Detect 0→1 

(rising) or 

1→0 (falling) 

transitions 

One-shot 

events, 

triggers 

Requires prior 

state storage; 

placement matters 

Immediate 

Contacts / 

Output 

Immediate 

Vendor-

specific (e.g., 

IIN/IOT) 

Bypass 

image table, 

react or 

write 

instantly 

High-speed 

events, 

safety 

interlocks 

Hardware 

support, race 

conditions, clear 

documentation 

Inversion / NOT 

logic 

XIO, NOT 

contact 

Provide logic 

when bit = 0 

rather than 

bit = 1 

Absence 

detection, 

fault logic 

Keep logic 

readable; avoid 

double negatives 

Sources: The Siemens S7-1200 manual lists many of these bit-logic categories. 

 

How They Integrate in a PLC Program 

• A typical PLC program uses contacts to read input/imaged bits and form 

logic paths. 

• Based on these logic paths, coils (or set/reset) change internal bits or output 

states. 

• When an event must happen exactly once, edge detection instructions are 

used to trigger a set, reset, or immediate action. 

• For processes requiring persistence (memory), latch/unlatch (set/reset) coils 

are used; on restart the bit remains until reset. 

• When reaction time is critical (e.g., safety guard opens), immediate 

contacts/outputs bypass standard scanning delays and respond instantly. 

• Throughout, inversion logic (NOT) handles situations where you need action 

when a condition is not true (e.g., sensor not present, or stop button not 

pressed). 

• From a design perspective, you must manage scan order, bit dependencies, 

hardware I/O mapping, and fail-safe logic. For example, do you wire stop 

buttons NC so they fail open; do you use set/reset for memory bits; do you 

use edge detection for box arrival sensors? All of these integrate. 

 

Vendor Syntax & Notes (Quick Look) 
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• In S7-300/S7-400 series, bit logic instructions include: —| |— (NO contact), 

—|/|— (NC contact), ---(S) Set coil, ---(R) Reset coil, ---(P) Positive edge 

detection, ---(N) Negative edge detection. 

• In / Rockwell Logix5000, you have instructions like XIC (Examine If Closed), 

XIO (Examine If Open), OTE (Output Energize), OTL (Output Latch/Set), 

OTU (Output Unlatch/Reset), ONS (One-Shot Rising Edge), IIN/IOT for 

immediate I/O. 

• Always refer to your PLC manual: immediate instructions may have module 

constraints (some modules don’t support immediate write), and edge 

instructions may require dedicated memory tags. 

 

Design Guidelines & Best Practices 

• Clarity & Documentation: Label each bit/tag with name, function, initial 

state. Specify if it’s latched, edge-triggered or immediate. 

• Use one type of instruction per bit: Avoid mixing standard coil and latch, or 

immediate and standard for same bit unless you clearly understand scan 

implications. 

• Fail-safe design: Safety or stop devices often should use NC contacts so that 

failure or wiring break leads to stop condition. 

• Scan timing awareness: Recognise that standard logic runs once per scan; if 

your scan time lengthens (due to many instructions) you may need immediate 

instructions for time-sensitive parts. 

• Edge detection placement: Use positive/negative edge instructions where 

you need one-shot behaviour (e.g., box arrival, button release). Ensure proper 

memory prior-state storage. 

• Initialization logic: For set/reset bits, ensure they start in known state on 

power-up. Use initial rung or startup logic to reset all latches unless a 

memory retain is desired. 

• Avoid conflicting logic: For example, don’t set a bit in one rung and then 

immediately reset it in the same scan (unless intended). Also avoid reading an 

output bit that is written by an immediate instruction later in same scan — 

this can cause unpredictable results. 

• Maintenance friendly: Use meaningful tag names like MOTOR_RUNNING, 

BOX_AT_SENSOR, STAMP_TRIGGERED rather than generic B3:0/5. 

• Test under worst-case conditions: If you increase I/O modules or network 

traffic, scan time may increase — ensure your logic (especially immediate and 

edge parts) remains valid. 
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Cheat-Sheet – Quick Reference 

Contacts: 

  NO   —| |—   (XIC) 

  NC   —|/|—   (XIO) 

 

Coils: 

  OTE   ( )    Output Energize 

  OTL   (S)    Set Latch 

  OTU   (R)    Reset/Unlatch 

 

Edge Detection: 

  ONS   Rising one‐shot (0→1) 

  P‐Contact Rising edge (Siemens) 

  N‐Contact Falling edge (1→0) 

 

Immediate I/O: 

  IIN   Immediate Input (reads physical input mid-scan) 

  IOT   Immediate Output (writes physical output immediately) 

 

Inversion: 

  XIO   Examined if Open — functions like NOT input 

 

Best usage: 

  - Use NO contacts for “when device actuates do something” 

  - Use NC contacts for “normal state is closed, action when it opens/fails” 

  - Use Set/Reset coils for “maintain state until changed” 

  - Use Edge detection for “one-time trigger on change” 

  - Use Immediate instructions for “fast reaction required” 
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Summary in Hinglish 

PLC ke bit logic instructions ka matlab hai wo basic instructions jinke through 

inputs, internal bits aur outputs ka logic banta hai. Contacts (NO/NC), coils (OTE), 

latches (Set/Reset), edge detectors (positive/negative), aur immediate instructions 

sab ek ecosystem hai jismein har ek ka apna role hai. Agar sahi instruction sahi jagah 

use na karein, to machine behaviour unpredictable ho sakta hai — slow reaction, 

unintended latched state, ya safety risk. Engineering viewpoint se, program clarity, 

fail-safe wiring, scan timing awareness aur hardware compatibility bahut zaroori 

hai. Ye summary sheet aapka quick lookup hai — jab ladder logic likh rahe ho ya 

debugging kar rahe ho, in points ko yaad rakho. 
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