Deferred & Lazy Rendering
Angular v21 elevates the framework’s template-driven capabilities by introducing customizable IntersectionObserver options for @defer blocks. Since its initial rollout, the @defer engine has transformed how developers implement lazy loading and fine-grained rendering within templates. The v21 update brings pro-level viewport controls that eliminate previous constraints. [1, 2, 3, 4]

🚀 What's New in Angular 21: Viewport Customization
Before Angular 21, on viewport worked out-of-the-box but gave you zero control over when the browser registered an intersection. In Angular 21, you can pass native IntersectionObserver configurations (except for the root property) directly into the block via an object literal. [1]
1. Predictive Preloading (rootMargin)
You can now start chunk downloading and rendering before an item actually hits the user's screen by configuring a scroll margin. [1, 2]
[image: ]
<!-- Triggers chunk loading 200px before the element enters the viewport -->
@defer (on viewport({ rootMargin: '200px 0px 0px 0px' })) {
  <app-heavy-charts />
} @placeholder {
  <div class="skeleton-loader"></div>
}

2. Progressive Visibility (threshold)
Instead of firing the second a single pixel touches the viewport, you can mandate that a certain percentage of the component must be visible first. [1, 2]
[image: ]
<!-- Loads only when 50% of the placeholder container is visible -->
@defer (on viewport({ threshold: 0.5 })) {
  <app-interactive-map />
}

3. Explicit Target Triggers
If you pass configuration properties, you must declare your element template reference using the explicit trigger property: [1]
[image: ]
<div #scrollContainer></div>

@defer (on viewport({ trigger: scrollContainer, rootMargin: '100px' })) {
  <app-comments />
}


🏗️ The Anatomy of Deferred & Lazy Rendering
A comprehensive @defer implementation involves orchestrating four specific logical blocks to balance performance metrics like Largest Contentful Paint (LCP) and Time to Interactive (TTI). [1, 2]
	Block
	Behavior
	Requirement / Best Practice

	@defer
	Holds the component(s) split into a separate async bundle.
	The targets must be Standalone (standalone: true).

	@placeholder
	Initial visible state displayed before triggering occurs.
	Give it explicit dimensions to prevent layout shifts.

	@loading
	Temporary UI visible during the bundle download time.
	Use an optional parameter like minimum 500ms to prevent rapid flickering.

	@error
	Fallback UI shown if the async bundle network call fails.
	Crucial for keeping applications resilient against poor network connections.
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@defer (on viewport({ rootMargin: '150px' }); prefetch on idle) {
  <app-massive-widget />
} @loading (minimum 300ms) {
  <app-spinner />
} @placeholder {
  <div style="height: 400px; background: #f0f0f0;"></div>
} @error {
  <p>Failed to load widget. Please refresh.</p>
}

⚠️ Preconditions & Strict Rules
To guarantee that the Angular compiler can successfully split your components into separate chunks, ensure the following constraints are met: [1, 2]
· Zero Eager References: The deferred component must not be imported or used eagerly anywhere else in that component's template, nor referenced via @ViewChild. [1, 2]
· Standalone Rules: Non-standalone components cannot be deferred; any non-standalone dependencies inside your @defer block will stay eagerly bundled. [1]

@defer strategies
Angular's @defer block enables template-level lazy loading to reduce initial bundle sizes and improve performance metrics like LCP (Largest Contentful Paint). [1]
Core @defer Syntax and Sub-Blocks
You declaratively wrap components, directives, or pipes in a @defer block. Angular automatically code-splits the contents into a separate JavaScript chunk. [1, 2, 3]
· @placeholder: Shows instant lightweight fallback content (like a skeleton loader) before the deferred chunk loads. It is rendered immediately.
· @loading: Displays a progress indicator or spinner specifically while fetching the deferred component's JavaScript bundle.
· @error: Renders fallback UI if downloading the lazy bundle fails (e.g., network drop). [1, 2, 3]
[image: ]
@defer (on viewport) {
  <app-heavy-chart />
} @placeholder {
  <div class="placeholder-skeleton">Loading chart space...</div>
} @loading (minimum 500ms) {
  <spinner-icon />
} @error {
  <p>Failed to load component.</p>
}

Built-in @defer Triggers & Strategies
You can control when code-splitting chunks are fetched and rendered using specific trigger parameters: [1, 2]
· on idle: (Default) Loads the component when the browser reaches an idle state.
· on viewport: Triggers loading when the placeholder element scrolls into the user's view via an internal Intersection Observer. Angular v21 introduces enhanced fine-tuning configurations to control threshold percentages or trigger loading slightly before elements enter view.
· on interaction(ref): Loads content when the user interacts (e.g., clicks or presses a key) with a specific referenced element or template variable.
· on hover(ref): Loads when the user hovers over the designated template reference element.
· on immediate: Fetches and renders the chunk as soon as the rest of the template finishes initial rendering.
· on timer(duration): Waits for a fixed delay (e.g., on timer(3s)) before executing the load.
· when expression: Evaluates a custom component boolean condition to toggle loading dynamically. [1, 2, 3, 4, 5]
Prefetching Strategies
You can silently download code bundles in the background ahead of rendering using prefetch: [1, 2]
[image: ]
@defer (on viewport; prefetch on idle) {
  <app-comments />
}

This pairs an active render condition (on viewport) with background pre-caching (prefetch on idle), ensuring the code is fully ready the millisecond a user looks at or interacts with the section. Check out the guide on Deferred Loading in Angular for official implementation syntax. [1, 2]
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 Route-level lazy loading
In Angular 21, route-level lazy loading is the foundational standard for application architecture. With the default adoption of Standalone Components, the framework has moved away from heavy NgModules, making lazy loading cleaner, more performant, and much easier to implement. [1]
There are two primary ways to handle route-level lazy loading in modern Angular: loading a single standalone component or loading an entire sub-section of feature routes. [1, 2]

1. Lazy Loading a Single Standalone Component
If a route maps to a single page, you use the loadComponent property combined with a dynamic JavaScript import() statement. [1, 2, 3]
[image: TypeScript Code File Icon in SVG, PNG formats]
// app.routes.ts
import { Routes } from '@angular/router';

export const routes: Routes = [
  {
    path: 'dashboard',
    // The browser only downloads dashboard.component.js when this route is hit
    loadComponent: () => import('./dashboard/dashboard.component')
      .then(m => m.DashboardComponent)
  }
];

2. Lazy Loading a Group of Feature Routes
For larger feature modules (e.g., an entire admin section with nested child pages), you can organize your routes into a dedicated child routing file and use loadChildren. [1, 2]
Step 1: Define the feature routes
[image: TypeScript Code File Icon in SVG, PNG formats]
// admin/admin.routes.ts
import { Routes } from '@angular/router';
import { AdminOverviewComponent } from './overview.component';
import { AdminSettingsComponent } from './settings.component';

export const ADMIN_ROUTES: Routes = [
  { path: '', component: AdminOverviewComponent },
  { path: 'settings', component: AdminSettingsComponent }
];



Step 2: Lazy load the routes array in your main configuration
[image: TypeScript Code File Icon in SVG, PNG formats]
// app.routes.ts
import { Routes } from '@angular/router';

export const routes: Routes = [
  {
    path: 'admin',
    // Loads the entire configuration file and its components chunk on demand
    loadChildren: () => import('./admin/admin.routes')
      .then(m => m.ADMIN_ROUTES)
  }
];


Why this benefits Angular 21 Apps
· Granular Bundling: Angular splits your code into tiny, optimized chunks automatically during compilation. [1, 2, 3]
· Context-Aware Loading: The Router executes your loader functions inside the injection context of the active route, enabling safe and clean dependency resolution. [1]
· Performance Gains: It significantly shrinks the initial bundle size, which directly improves Time to Interactive (TTI) and Lighthouse performance scores. [1, 2, 3]

Auto-Migration Tip
If you are upgrading an older codebase to modern lazy-loaded patterns, the Angular CLI includes a migration schematic that automates this workflow: [1]
[image: ]
ng generate @angular/core:route-lazy-loading
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Component-level lazy loading
In Angular 21, component-level lazy loading is the modern standard for building high-performance, scalable web applications. Because modern Angular applications treat standalone components as the default, you no longer need to manage complex NgModule boundaries to split your code. Angular handles code-splitting natively via the build pipeline. [1, 2, 3, 4]
There are two primary ways to achieve component-level lazy loading in Angular 21: Route-level splitting and Template-level deferred loading.

1. Route-Level Component Lazy Loading
To lazy load a component when a user navigates to a specific URL path, use the loadComponent property inside your routing configuration. This ensures the browser only downloads the component's JavaScript chunk when the route becomes active. [1, 2]
[image: TypeScript Code File Icon in SVG, PNG formats]
// app.routes.ts
import { Routes } from '@angular/router';

export const routes: Routes = [
  {
    path: 'dashboard',
    // The component is fetched asynchronously on-demand
    loadComponent: () => import('./dashboard/dashboard.component')
      .then(m => m.DashboardComponent)
  },
  {
    path: 'profile',
    // Shorthand syntax works perfectly if the component uses default export
    loadComponent: () => import('./profile/profile.component')
  }
];

2. Template-Level Component Lazy Loading (@defer)
If you want to lazy load components inside an existing page (for example, heavy charts, modal boxes, or comments sections that sit below the fold), Angular 21 uses the built-in Deferrable Views (@defer) feature. [1]
This allows you to control exactly when the component's chunks are downloaded based on triggers like visibility, user interaction, or idle time.
[image: ]
<!-- parent.component.html -->

<!-- The heavy analytics component is loaded ONLY when it scrolls into view -->
@defer (on viewport) {
  <app-heavy-analytics-chart />
} @placeholder {
  <!-- Shown initially while waiting for the component or the trigger -->
  <div>Loading chart placeholder...</div>
} @loading {
  <!-- Shown while the JavaScript chunk is actively downloading over the network -->
  <p>Downloading layout...</p>
} @error {
  <p>Failed to load the chart. Please check your connection.</p>
}

Popular @defer Triggers in Angular 21:
· @defer (on idle) – Loads the component when the browser hits an idle state (default behavior).
· @defer (on viewport) – Loads the component as soon as its placeholder enters the user's view.
· @defer (on interaction) – Loads the component when the user clicks or focuses on the placeholder element.
· @defer (on hover) – Loads the component when the user hovers over the placeholder area.
· @defer (when condition) – Triggers loading programmatically via a boolean expression or an Angular Signal (e.g., when isModalOpen()). [1]

Core Performance Benefits
· Granular Chunking: The compiler automatically breaks your application into smaller, optimized JavaScript bundles.
· Reduced Initial Bundle: Users download less code upfront, resulting in a dramatic drop in Time to Interactive (TTI).
· Zoneless-Ready Compatibility: Pairs seamlessly with Angular 21's zoneless reactivity features for maximum performance. [1, 2, 3, 4]

· Lazy-loading feature modules
· Lazy loading in Angular with loadComponent and loadChildren
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Progressive rendering
Angular 21 improves progressive rendering through server-side rendering (SSR), selective/progressive hydration, and template-level deferred loading (@defer), working together to deliver fast initial page paints and minimal startup work. [1]
Key Progressive Rendering Features
· Server-Side Rendering (SSR) & Pre-rendering: Angular 21 enables first-class SSR and static site pre-rendering configurations out-of-the-box during project creation, sending fully formed HTML to the client instantly. [1, 2]
· Selective and Progressive Hydration: The framework attaches client-side behavior to server-rendered DOM nodes selectively, waking up only the interactive components needed rather than processing the entire application tree at once. [1]
· Template-Level Lazy Loading (@defer): Developers can use @defer blocks directly inside templates to lazy-load heavy sub-components based on specific triggers like viewport intersection (on viewport) or user interaction (on hover, on click). [1, 2]
· Zoneless Change Detection by Default: Angular 21 defaults to a zoneless architecture powered by signals, reducing unnecessary UI checks and bundle overhead to make runtime rendering significantly faster. [1, 2]
Read more about general performance practices in the Angular Performance Guide. [1]
Angular 21 improves rendering performance by reducing unnecessary UI updates through advanced features like template-level deferred loading and fine-grained reactivity. [1, 2, 3]
Progressive Rendering Features in Angular 21
Angular 21 handles progressive rendering and performance optimization using several key mechanisms:
· Deferred Loading (@defer): Allows template-level lazy loading of components and their associated JavaScript based on triggers like viewport entry (on viewport), mouse hover (on hover), or interactions, without complex routing changes. [1, 2, 3]
· Server-Side Rendering (SSR) and Hydration: Renders pages on the server for a faster initial paint and better SEO, while hydration connects client behavior seamlessly. Selective hydration wakes up only the necessary interactive parts of a page. [1]
· Prerendering / SSG Modes: Generates static HTML files during build time for routes that do not need runtime server execution, speeding up delivery. [1]
· Zoneless Change Detection: Defaults to a zoneless model powered by Signals for fine-grained reactivity, meaning updates happen precisely when specific dependencies change rather than checking the whole component tree via Zone.js. [1, 2]

Read more about these capabilities in practical write-ups like Angular 21 New Features Explained. [1]

· Creating an Angular 21 project with SSR support
· Rendering strategies
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