EMBEDDED SYSTEMS

Technical Deep Dive into 1.8" TFT Display Breakouts and
Shields: A Comprehensive Guide to ST7735 Integration

Published: March 28, 2025 | Index ID: #-

In the landscape of embedded systems and rapid prototyping, the ability to visualize data effectively is a
cornerstone of professional engineering. The 1.8" TFT (Thin Film Transistor) LCD display , specifically those
based on the ST7735 controller, has emerged as the industry standard for small-scale Human-Machine Interfaces
(HMI). Whether packaged as a standalone breakout board or an integrated Arduino shield, these displays offer a
sophisticated balance of resolution, color depth, and ease of integration. This technical analysis explores the
architectural nuances, communication protocols, and implementation strategies required to master these powerful
visual modules.

1. Theoretical Framework: Understanding TFT LCD Technology

Thin Film Transistor (TFT) technology is an advanced iteration of Liquid Crystal Display (LCD) engineering. Unlike
passive matrix LCDs, which suffer from slow response times and poor contrast, TFT displays utilize an active
matrix. In this configuration, each individual pixel is paired with a dedicated transistor and capacitor. This allows the
display to maintain its state without constant refreshing, resulting in significantly sharper images and faster refresh
rates.

1.1 The ST7735R Controller Architecture

At the heart of most 1.8" TFT modules lies the ST7735R driver chip. This single-chip controller for 262K-color,
graphic-type TFT-LCDs consists of a 396-channel source driver, a 162-channel gate driver, and a 128 x 160 x 18-
bit internal frame memory. The controller manages the complex task of translating serial data into the electrical
signals required to orient liquid crystals. It supports a wide range of interface protocols, though the 4-wire Serial
Peripheral Interface (SPI)is most commonly utilized in the maker and industrial prototyping sectors due to its
minimal pin requirement.

1.2 Color Depth and Pixel Mapping

The 1.8" display typically operates at a resolution of 128x160 pixels. With 18-bit color capability, the display can
render up to 262,144 unique colors. However, in many 8-bit microcontroller environments (like the ATmega328P
used in the Arduino Uno), developers often utilize 16-bit High Color (5-6-5)mode. In this mode, 5 bits are
allocated to Red, 6 bits to Green, and 5 bits to Blue. This reduces the memory footprint while maintaining high
visual fidelity.

2.Technical Analysis of Hardware Interfaces

When selecting a 1.8" TFT display, engineers must choose between a Breakout Board and a Shield. Each form
factor serves distinct operational needs and hardware constraints.

2.1 Breakout Board vs. Arduino Shield

The breakout board offers maximum flexibility. It can be wired to any microcontroller (ESP32, STM32, Raspberry Pi
Pico) using jumper wires. Conversely, the Shield is designed for a "plug-and-play" experience with the Arduino Uno/
Mega footprint. One critical feature found in high-quality Adafruit-style breakouts is the inclusion of an on-board



3.3V regulator and level-shifting circuitry. Since many TFT controllers operate at 3.3V logic, connecting them
directly to a 5V Arduino Uno without level shifters can lead to immediate hardware failure.



Feature 1.8" TFT Breakout 1.8" TFT Arduino Shield

Mounting Breadboard or Custom PCB Direct Pin Header (Stackable)
Logic Compatibility Usually 3.3V - 5V (if leveled) Standardized for 5V Unos
MicroSD Slot Integrated (separate SPI CS) Integrated (separate SPI CS)
Pin Configuration Manually wired via headers Hardcoded (e.g., Pins 10, 8, 9)
User Interface External Buttons required Often includes onboard Joystick

2.2 The Role of the MicroSD Interface

Data-intensive applications, such as displaying full-color bitmaps or logging sensor data, require external storage.
Both the breakout and shield versions typically include a MicroSD card slot. Because the display and the SD card
both communicate over the SPI bus, they share the SCK (Clock) and MOSI (Master Out Slave In) lines. They are
distinguished by unique CS (Chip Select)pins. Efficient firmware must manage these select lines carefully to
prevent bus contention.

3. Software Implementation and Protocol Execution

Successfully driving the 1.8" TFT requires a robust software stack. In the Arduino ecosystem, the Adafruit_ GFX
and Adafruit_ST7735libraries are the industry standards. These libraries provide a high-level abstraction for low-
level SPI commands.

3.1 The 4-Wire SPI Communication Workflow

To render a single pixel, the microcontroller performs the following sequence:

1. Address Window Setup: The MCU sends a command to the ST7735 defining the column address (CASET)
and row address (RASET) range.

2. Memory Write: The MCU sends the RAMWR command, signaling that pixel data will follow.

3. Data Transmission: The 16-bit or 18-bit color data is pushed through the MOSI line.

4. DIC Pin Toggling: The Data/Command (D/C) pin is toggled to indicate whether the incoming byte is an
instruction for the controller or raw pixel data for the RAM.

3.2 Optimization Techniques for 8-bit MCUs

Drawing full-screen bitmaps on an Arduino Uno can be slow due to the 16MHz clock speed. To optimize
performance, developers should utilize Hardware SPIrather than software "bit-banging." Hardware SPI uses the
dedicated silicon inside the ATmega328P to handle timing, allowing for significantly higher throughput.
Furthermore, minimizing full-screen refreshes by only updating changed pixels (dirty rects) is essential for fluid Ul
animations.

4. Practical Integration: Step-by-Step Hardware Setup

For a standard 1.8" TFT Breakout with an Arduino Uno, the wiring follows a specific technical map to ensure signal
integrity and power stability.

4.1 Wiring Schematic



e VCC: Connect to 5V (the onboard regulator will drop it to 3.3V).
e GND: Common ground.

e SCK (Clock): Arduino Pin 13.

¢ MOSI (Data): Arduino Pin 11.

e CS (TFT Chip Select): Arduino Pin 10.

e D/C (Data/Command): Arduino Pin 9.

e RESET: Arduino Pin 8 (or tied to MCU Reset).

e SD_CS: Arduino Pin 4 (for MicroSD functionality).

4.2 Software Initialization Code

Initializing the display requires specific parameters based on the version of the ST7735 chip (e.g., Green Tab, Red
Tab, or Black Tab versions). These "tabs" refer to the protective plastic film on the screen and indicate different
internal offsets in the controller's memory.

#include &lt;Adafruit GFX.h&gt;
#include &lt;Adafruit_ST7735.h&gt;
#include &lt;SP1.h&gt;

#define TFT_CS 10
#define TFT_RST 8
#define TFT_DC 9

Adafruit_ST7735 tit = Adafruit_ST7735(TFT_CS, TFT_DC, TFT_RST):;

void setup() {
tft.initR(INITR_BLACKTAB); // Initialize based on specific chip version
tft.fillScreen(ST77XX_BLACK);
tft.setCursor(0, 0);
tft.setTextColor(ST77XX_WHITE);
tft.setTextSize(1);
tft.printin("System Initialized...");

5. Advanced Challenges: Sunlight Readability and Power Management

In industrial and outdoor applications, standard TFT displays often suffer from poor visibility under direct sunlight.
This is primarily due to the transmissivenature of the display, where the backlight must compete with ambient
solar radiation.

5.1 Enhancing Sunlight Readability
There are three primary solutions to improve readability in high-ambient-light environments:
» High-Brightness Backlighting: Increasing the LED backlight current (within thermal limits) to achieve 800-1000

nits of brightness.
¢ Optical Bonding: Eliminating the air gap between the TFT panel and the cover glass to reduce internal



reflections.
« Anti-Reflective (AR) Coatings: Applying specialized films to the surface of the display to scatter incoming
sunlight.

5.2 Power Consumption Analysis

The backlight is the most power-hungry component of the 1.8" TFT. At full brightness, the LEDs can draw between
30mA and 50mA. For battery-powered loT devices, implementing Pulse Width Modulation (PWM) on the Litepin
allows the firmware to dim the display during inactivity, drastically extending battery life. Typical power consumption
values at 3.3V are approximately 150mW with the backlight active.

6. Troubleshooting and Operational Failure Modes

Engineers often encounter specific failure modes during the integration of ST7735-based displays. Understanding
these issues is critical for rapid deployment.

6.1 The "White Screen" Issue

A persistent white screen usually indicates that the backlight is powered, but the controller is not receiving valid
data. Common causes include:

¢ Incorrect SPI Wiring: Swapping MOSI and SCK lines.

« Insufficient Voltage: Many breakouts require a stable 5V input to feed the 3.3V LDO.

« Initialization Mismatch: Using initR(INITR_GREENTAB) when the hardware requires BLACKTAB, causing
memory offsets and "noise" on the screen.

6.2 SD Card Initialization Failure

When using the display and SD card together, the SD.begin(SD_CS) command may fail if the TFT CS pin is not
explicitly set to HIGH first. Because SPI is a shared bus, all inactive devices must have their CS pins pulled HIGH
to release the MISO line. Failure to manage these states is the leading cause of bus contention errors.

7. Engineering Implications and Future Outlook

The 1.8" TFT display represents a pivotal technology for the "Prototyping to Production” pipeline. While larger
touchscreen displays like the 2.8" or 3.5" variants offer more real estate, the 1.8" form factor remains the preferred
choice for compact wearables, handheld diagnostic tools, and modular industrial indicators. Its low cost,
widespread library support, and robust physical design ensure its continued relevance in the era of Edge
Computing and lloT (Industrial Internet of Things).

As microcontrollers become more powerful, with increased RAM and higher clock speeds (such as the ESP32 and
ARM Cortex-M7), we are seeing a shift toward more complex Ul frameworks like LVGL (Light and Versatile
Graphics Library). These libraries allow the humble 1.8" TFT to display anti-aliased text, complex widgets, and
smooth transitions, further bridging the gap between hobbyist projects and commercial-grade products.
Understanding the underlying ST7735 architecture and SPI protocol is, therefore, not just a technical requirement
but a strategic advantage for any embedded systems developer.
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