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 Card activation remains a persistent source of friction in digital 

banking. Traditional methods that rely on call centers or web forms 

introduce multi-minute delays, elevate operational cost, and create 

openings for social-engineering attacks. This paper presents a practical 

architecture that allows cardholders to activate a newly issued plastic 

card by simply tapping it against an NFC-enabled smartphone running 

the issuer’s mobile application. Physical possession is proven through 

a short-range NFC exchange that yields a dynamic EMV-style 

cryptogram. The resulting event is published to an Apache Kafka event 

backbone and processed by loosely coupled microservices responsible 

for risk evaluation, host validation, status update, and multi-region 

synchronization. Security is treated as a cross-cutting concern that 

encompasses tokenization, cryptogram validation, and continuous 

authorization consistent with zero-trust principles. Using publicly 

available contactless adoption statistics from 2018–2022 and latency 

figures reported for Kafka-based banking pipelines, the architecture is 

shown capable of completing activation in a few seconds under normal 

network conditions. Tables and figures quantify the expected 

improvement relative to traditional channels and document the growth 

of the contactless card base that makes the approach feasible at scale. 

Keywords: 

Apache Kafka; 

Card Activation; 

Contactless; 

Digital Banking; 

EMV; 

Event-Driven Architecture; 

Mobile Banking Security; 

Multi-Region Systems; 

NFC; 

Tap-To-Activate 

 

This is an open access article under the CC BY-SA license. 

 

Corresponding Author: 

Name: Anil Mandloi 

Institution: Engineering Manager, Technical Lead, Digital Banking Platforms 

Email: Anil.mandloi@gmail.com 

 

1. INTRODUCTION 

Anyone who has received a new 

credit or debit card knows the small but 

persistent annoyance of activation. For years 

the industry relied on two main paths: a 

telephone call to an interactive voice response 

system or a browser-based form that required 

the cardholder to enter the full account 

number and often a security code printed on 

a separate letter. Both approaches create 

latency measured in minutes to days, generate 

support tickets, and open a window for 

fraudsters who intercept activation codes or 

social-engineer call-center agents. 

At the same time, contactless 

technology has become ubiquitous. By 2022 

Visa alone had issued nearly 500 million 

contactless cards in the United States, and 

industry surveys showed contactless share of 

in-person general-purpose card payments 

rising steadily through 2021–2022. Mobile 

wallets already demonstrated that a 

smartphone could act as a secure reader for 

EMV chips. The natural next step was to reuse 

that same short-range channel not for 

payment but for activation. 
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This paper presents a concrete 

architecture that makes “tap-to-activate” a 

first-class capability of a global digital 

banking platform. The design has three core 

goals: (1) prove physical possession of the 

newly issued card through an NFC 

cryptogram, (2) orchestrate the subsequent 

status change across multiple backend 

systems and geographic regions with minimal 

latency, and (3) keep the security posture at 

least as strong as traditional activation 

methods. The solution is built around an 

event-driven backbone using Apache Kafka, a 

pattern already proven in several large banks 

for real-time fraud detection and customer-

event processing. 

The remainder of the paper is 

organized as follows. Section 2 reviews 

related work. Section 3 describes the 

architecture. Section 4 examines security 

properties. Section 5 discusses 

implementation considerations. Section 6 

presents results derived and data sets. Section 

7 provides discussion. Section 8 concludes. 

2. RELATED WORK 
2.1 NFC and EMV Contactless Security 

Near-field communication has 

been studied extensively as both a 

convenience feature and a potential attack 

surface. Early work examined the use of 

NFC tags for authenticating mobile 

applications to backend services [5]. 

Subsequent research focused on the EMV 

contactless protocol itself. Basin and 

colleagues performed a formal analysis of 

the EMV standard using the Tamarin 

prover and uncovered several practical 

weaknesses, particularly in certain Visa 

contactless configurations and older 

authentication modes [6]. Their findings 

underscored the importance of dynamic 

data authentication and careful handling 

of cardholder verification methods when 

the interface is wireless. 

El Madhoun and Pujolle 

proposed concrete enhancements to the 

EMV protocol that address the lack of 

terminal authentication and the exposure 

of personal banking data on the 

contactless channel [7]. Parallel practical 

studies demonstrated relay and man-in-

the-middle attacks against contactless 

cards and mobile wallets, reinforcing the 

need for distance-bounding or tightly 

time-constrained protocols [8, 9, 13]. 

Additional surveys and protocol 

proposals further explored privacy-

preserving NFC mobile payment 

frameworks and defense-in-depth 

approaches [14, 15, 16]. 

2.2 Event-Driven Architectures in Banking 

Large financial institutions began 

adopting Apache Kafka and event-

sourcing patterns well. Discover Financial 

Services publicly described moving its 

card-acquisition platform to an event-

driven model, reporting substantial 

reductions in time-to-market and 

operational friction [3]. Other case studies 

from RBC, Raiffeisen Bank International, 

Lloyds, and various European and Asian 

banks showed Kafka being used as the 

real-time backbone for customer events, 

fraud scoring, and core-banking state 

changes [4, 10, 17, 18]. The common theme 

is the ability to decouple producers from 

multiple independent consumers while 

retaining an immutable audit log. 

3. PROPOSED ARCHITECTURE 
3.1 High-Level Overview 

Figure 1 shows the main 

components. The cardholder opens the 

issuer’s mobile application, selects the 

newly received card, and is prompted to 

tap the physical card against the phone. 

The mobile application, acting as an NFC 

reader, exchanges a short set of APDU 

commands with the card’s EMV chip, 

obtains a dynamic cryptogram, and 

packages the result into an activation 

request. That request travels through an 

API gateway into an event producer that 

publishes a “card.activation.requested” 

event onto a Kafka topic. Multiple 

independent consumers then process the 

event: a risk engine evaluates device and 

behavioral signals, an activation service 

performs host validation of the 

cryptogram, a card-management system 

flips the account status, and a notification 
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service informs the customer. The same 

event stream is mirrored or federated to 

regional clusters so that US, EMEA, and 

JAPA platforms stay consistent. 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. NFC Tap-to-Activate System Architecture 

3.2 Detailed Activation Flow 

The sequence can be summarized 

in six steps: 

1. The mobile application authenticates 

the user (biometrics or device 

passcode) and retrieves a short-lived 

session token. 

2. The application issues a SELECT and 

GET PROCESSING OPTIONS 

sequence to the card over NFC, 

followed by a GENERATE AC 

command that requests an 

authorization cryptogram. 

3. The card returns an Application 

Cryptogram together with necessary 

EMV data elements. The phone never 

stores the primary account number in 

clear text; any sensitive fields are 

tokenized immediately. 

4. The packaged request is sent to the 

API gateway over mutual TLS. The 

gateway publishes the event to the 

Kafka topic 

card.activation.requested. 

5. Consumers react asynchronously. 

The risk engine may enrich the event 

with device fingerprint and recent 

login history. The activation service 

calls the issuer host to validate the 

cryptogram and, on success, 

publishes card.activation.validated. 

6. The card-management system 

consumes the validated event, 

updates the account status to 

“active,” and emits 

card.status.updated. Notification 

services and regional replicas 

consume the final status event. 

3.3 Multi-Region Considerations 

Global platforms typically 

maintain separate processing domains for 

regulatory and latency reasons. The 

architecture therefore treats each major 

region (US, EMEA, JAPA) as an 

independent Kafka cluster with 

controlled cross-region replication of 

activation events. Only the final validated 

status is replicated; intermediate risk 

decisions remain local. 

4. SECURITY CONSIDERATIONS 

The security model rests on three 

pillars that were already well understood. 
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4.1 Possession Proof via Dynamic 

Cryptogram 

Static data read from an NFC card 

can be cloned. A dynamic Application 

Cryptogram generated by the card’s 

secure element in response to a unique 

challenge cannot be replayed. The issuer 

host validates the cryptogram using the 

same keys and algorithms employed for 

contactless payments. This step directly 

inherits the cryptographic strength of 

EMV and avoids the weaknesses 

identified in older static-data 

authentication modes [6, 7]. 

4.2 Tokenization and Minimal Data 

Exposure 

The mobile application and all 

intermediate services operate on tokens 

rather than clear primary account 

numbers wherever possible. When the 

genuine PAN must be resolved for host 

validation, it is performed inside a tightly 

controlled vault service. 

4.3 Continuous Authorization and Least 

Privilege 

Every service-to-service call uses 

mutual TLS and short-lived tokens. 

Consumers are granted only the 

permissions required for their specific 

topic and operation. The event log itself is 

write-once, providing a strong audit trail. 

5. IMPLEMENTATION NOTES 

On the mobile side, both iOS and 

Android provide stable NFC APIs capable of 

issuing the required EMV command set. Care 

must be taken to keep the NFC session short 

and to surface clear user guidance when the 

card is not positioned correctly. Backend 

services are implemented as ordinary Kafka 

consumers; the only special requirement is 

exactly-once or at-least-once semantics with 

idempotent status updates so that a replayed 

event does not activate the same card twice. 

Schema evolution is managed through a 

schema registry. 

6. RESULTS 

Because this work focuses on 

architecture rather than a single production 

deployment, quantitative results are derived 

from publicly available datasets on 

contactless penetration, typical activation 

channel latencies, and published Kafka 

performance in banking environments. 

6.1 Contactless Card Penetration Dataset 

Table 1 summarizes the growth of 

contactless-enabled debit cards in the 

United States between 2018 and 2022, 

drawn from industry reports that were 

available. The steady rise from roughly 41 

% to 69 % demonstrates that a majority of 

plastic cards already carried the NFC 

interface required by the proposed 

activation flow by the end of 2022. 

Table 1. U.S. Contactless Debit Card Penetration

Year Contactless Debit Penetration Approx. Contactless Cards (Visa US) Source Period 

2018 ~41 % ~100 M 2018–2019 reports 

2019 ~52 % — 2019–2020 reports 

2020 ~56 % — 2020–2021 reports 

2021 ~60 % — 2021–2022 reports 

2022 ~69 % ~500 M 2022–2023 reports 
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Figure 2. Growth of U.S. contactless debit card penetration, 2018–2022

6.2 Activation Latency Comparison 

Table 2 and Figure 3 present 

estimated end-to-end activation latencies 

for three channels. Traditional call-center 

activation typically requires several 

minutes once the customer reaches an 

agent or completes an IVR path. Web-

portal activation is faster but still involves 

manual data entry and multi-factor 

challenges. The proposed NFC flow is 

dominated by the NFC exchange (sub-

second), network round-trips, and a 

single host cryptogram validation; under 

normal conditions the complete path 

finishes in a few seconds. 

Table 2. Estimated end-to-end activation latency by channel

Activation Channel Typical End-to-End Latency Primary Sources of Delay 

Traditional Call Center / IVR 120–300+ seconds 
Queue time, agent interaction, 

verification questions 

Web Portal / App Form 30–90 seconds 
Data entry, OTP delivery, form 

submission 

Proposed NFC Tap-to-Activate 3–8 seconds (typical) 
NFC session, network RTT, host 

cryptogram validation 

 

 

 

 

 

 

 

 

 

Figure 3. Estimated end-to-end card activation latency comparison
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6.3 Event Backbone Performance Context 

Published Kafka deployments in 

banking environments routinely 

demonstrated sub-second to low-second 

end-to-end latencies for comparable event 

flows when the network was healthy. 

Fraud-detection pipelines at several 

institutions reduced response windows 

from hours to well under 60 seconds, and 

some CDC and customer-event pipelines 

reported sub-second replication. These 

figures support the claim that the 

activation event path can remain within 

the 3–8 second envelope once the 

cryptogram has been obtained. 

7. DISCUSSION 

The results indicate that the technical 

preconditions for NFC tap-to-activate were 

already largely in place by 2022–2023. More 

than two-thirds of U.S. debit cards carried the 

required NFC interface, and mobile banking 

applications with NFC reader capability were 

commonplace on both major smartphone 

platforms. The latency advantage relative to 

call-center and even web-form channels is 

substantial and is driven primarily by the 

elimination of human interaction and multi-

step data entry. 

From an operational perspective, 

every successful tap activation removes a 

support interaction. Industry experience with 

contactless payments shows that time savings 

at the point of sale translate into measurable 

reductions in queue length and labor cost; a 

similar effect can be expected for activation 

channels. The immutable Kafka log further 

improves auditability: the complete sequence 

of events for any activation can be replayed 

for compliance or dispute purposes without 

additional logging infrastructure. 

Several limitations must be 

acknowledged. The design assumes the 

cardholder possesses an NFC-capable 

smartphone and has already enrolled in the 

mobile banking application. Customers 

without these prerequisites still need a 

fallback path. Network partitions or regional 

Kafka outages can delay status propagation; 

the system must therefore degrade gracefully 

by queuing events and providing clear 

customer messaging. Relay attacks that 

artificially extend the NFC range remain a 

residual risk, although tight client-side 

timeouts and device-binding checks raise the 

practical difficulty of such attacks. 

The architecture is intentionally 

region-agnostic. Because only validated status 

events cross regional boundaries, data-

residency constraints can be respected while 

still offering a consistent customer experience. 

This property is particularly relevant for 

global issuers that operate distinct platforms 

in the United States, EMEA, and Asia-Pacific. 

8. CONCLUSION 

Tap-to-activate turns a physical card 

into its own activation credential. By 

combining a short NFC cryptogram exchange 

with an event-driven backend, the 

architecture removes most of the traditional 

friction while preserving the cryptographic 

assurances already present in EMV 

contactless payments. The use of Apache 

Kafka for orchestration allows independent 

scaling of risk, activation, and notification 

services and supports multi-region 

deployment without sacrificing data 

residency. Security rests on dynamic 

cryptograms, tokenization, and continuous 

authorization—practices that were already 

mature in the industry. 

Future refinements could explore 

tighter integration with device-bound keys, 

distance-bounding techniques to further 

harden against relay attacks, and richer risk 

signals derived from the activation event 

stream itself. The core pattern, however, is 

ready for production use on any digital 

banking platform that already operates an 

event backbone and issues contactless cards.
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