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Overview Diagram (High Level)



HW–VGA Display

VGA Display Overview

● vga_top is the main module for VGA 
output at 640×480 @ 60Hz.

● Uses a 50 MHz clock and Avalon bus for 
control.

● Internally connects:
○ tile_engine to draw 

background tiles (40 per line)
○ sprite_engine to overlay 

sprites with per-pixel transparency
● Pixel format is TRGB555 with the T/MSB 

as a transparency bit.
● A dual-bank line buffer allows rendering 

and displaying to happen in parallel.
● Each 5-bit RGB value is left-shifted to 

generate 8-bit VGA output



HW–Tile Engine
Tile Engine

● Generates background layer: 40 tiles per line, 1 line of 
tile (16 pixels) per clk.

● Uses tilemap_idx and next_vcount to fetch tile 
tile IDs and tile pattern data.

● Outputs:

○ tile_col (0–39): tile col index

○ tile_data (256 bits): 16 TRGB555 pixels

○ wren_tile_draw: write enable for line buffer

● When tile_col 39 is done, tile_done tells sprite 
rendering can begin.

● All tile pixels are non-transparent (T/MSB = 0), so 
sprite frame pixel can transparently overlay them.



HW–Sprite Engine
Sprite Engine

● sprite_engine draws the sprite layer over 
background tiles.

● Internally has:

○ sprite_frontend: checks 32 sprite 
entries each line, queues visible ones

○ sprite_drawer: draws 16-pixel-wide 
sprite rows from Pattern ROM

● Sprite attributes (32bit per sprite): enable, x, y, 
frame_id, flip

● Visible sprites in current drawing line are pushed 
to a FIFO; drawn in order (later = higher priority)

● Only non-transparent pixels (MSB = 0) are written 
to the linebuffer

● Exposes simple interface to vga_top: starts on 
sprite_start, signals done via sprite_done



HW–Audio Play

Including Background Music & Sound Effects:

● Merged into a combined .mif file.
● Left Channel always plays BGM, Right Channel for Sound Effects (Plays 

BGM when it’s vacant).
● Transmit through CODEC.



HW–Audio Play



HW/SW Interface



HW/SW Interface–CTRL_REG Bit Field



HW/SW Interface–SPRITE_ATTR_TABLE RAM



On-Chip Memory (BRAM) Usage



Tilemap background 1

125 tiles

Background 1



Tilemap background 2

Background 2

13 tiles



Frame patterns



Sprite Pattern Resource

128B

 

32.5KB



Software tile_map



System Overview



Main Game Logic



Player Action System



 Collision Detection 

Prediction Correction Collision Box


