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From ones and zeros to image digalay

The frame buffer is build by composing graphical primitive

This operation is done by the running a graphical

library software

It can be by a used with
Frame rate the CPU through the graphical library

O More often the frame buffer can be updated, more fluent
will be the animations (frames per second / fps)

The frame buffer is transferred to the display through a

dedicated hardware interface

Graphical oriented microcontroller are offering a

to drive directly the display
The frame buffer must be sent at 60fps to have a perfect
image color and stability (independently from the animation

fps)

Lys
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Single ChipAé&CU

16-bit QVGA, 8-bit WQVGA
*Internal Flash up to 2MB
Internal SRAM up to 512KB

* Frame buffer in internal SRAM
» 16-bit QVGA (400 x 400 ~320 KB)

*Package LQFP 100pin

Chrom-ART TFT/DSI
Accelerator Controller

1 1

Bus Matrix

Cost saving +

External

Graphic Acceleration Internal Internal

Flash SRAM Memory

Controller

(57 STM32F4x9
> 24
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MCU with External Memory

Up to SVGA ( 800x600 )
*Internal Flash up to 2MB

*Internal SRAM up to 512KB

- External Memory for frame buffer
« 16-bit or 32-bit SDRAM / SRAM

*Package: LQFP 144pin, up to 208.

Chrom-ART TFT/DSI
Accelerator Controller

. 1

Bus Matrix

{ ]

Unique Graphical Capability

and
Flexible architecture

External
Memory
Controller

Internal Internal
Flash SRAM

SDRAM

life.augmented



] Image Building pregess

small resolutions

BUFFER SIZ
oYoerl

bpp @

—— Double buffer: New image and Frame buffers can be in internal RAM
——— Single buffer : 2 options:
* Image can be handled by regions: one region to be displayed while the
other is been built and so only one buffer will be needed
* new image buffer in internal RAM and frame buffer in external RAM or
in display internal memory.
—— External memory needed for both frame buffer and new image buffer

Lys
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STM32F 7x9

Chrom-ART

Accelerator gFTt/M::DI
(DMA2D) ontroller
Bus Matrix

Internal
Flash

Internal
SRAM

External
Memory
Controller

External
memory

TFT controller allows the interfacing
Chrome-ART (DMA2D) provides a

for operations like rectangle filling, rectangle

DMA2D

copy (with or without pixel format conversion), and image blending

DMA2D

for the equivalent operation

\N\/

=l



STM32F7x9 Block Diagram

* Fully compatible with F4x -

"
Encryption
* Up to 216MHz with over-drive mode AMB Flash Camera Interface
Memory Dual
- Dual Bank 2 x 1MB Flash Bank -
« 512KB SRAM 512KB SRAM
. i g External Memory
FMC Wlth SDRAM + Support and s Interface with SDRAM
32'b|t da.ta. Power Supp]y
Reg 1.2V
- Audio PLL + Serial Audio I/F RO GERIRE
Chrom-ART XTAL oscillators
« LCD-TFT Controller 1 x Systic Timer PN 5B 2.0 0TG HS 32KHz + 8~25MHz
Int. RC oscillators

. ) Ethernet MAC 32KHz + 16MHz
LCD-DSI Controller 107100, IEEE1588

PLL
. Chrom — ART Accelerator BT
WESEIS PR e/ Aawu

« Hash: supporting SHA-2 and GCM | | :0EERIEN (o) ) 5x 16-bit Timer
4KB backup RAM

- More serial com and more fast 2x6x 16-bit PWM XS BItTimer

e > T
timers running at FCpU Synchronized AC Timer 2x Watchdog

(independent & window)

3 x 16bit Timer ’§
- 100 pins to 208 pins Up to 16 Ext, ITs 2 <4mp 1x SDIO PP 2x CAN 2.08
3 .
. £ 3x 12-bit ADC 2x SPI/12S
24 channels / 2Msps
!\le\;v IPs/Features/more IPs | m 6x USART/LIN
instances ~
255 USRI <= I e
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Figure 10. LTDC AHE master in STM32F7x6, STM32F7x7, STM32F7x8 and STM32F7Tx9
smart architecture

Display
panel

STM32F 7R &4EH

12 Bus Masbar

1x A3 Layer io
3x-320it AHE &
1 x-fdbit AHE

Bl ayer 3260 multi-AHB BusMatrix

e TOC con accessall dave memaries S O4-til bus [ |mastier  [JlSeve @ Bus muliplexer

s 32-hl bus MSwl 85022

1. D Cache size = 4 Kbyte for STM32F7x6
D Cache size = 16 Kbyte for STM32FTx7, STM32F7x8 and STM32F7x9

2. DTCM RAM size = 64 Kbyte for STM32F 7«6
DTCM RAM size = 128 Kbyte for STM3I2F7x7, STM32F7x8 and STM32F7x9

3. ITCM RAM size = 16 Kbyte for STM32F7x6, STM32F7x7, STM32F7x8 and STM32F7x9

4. SRAM1 size = 240 Kbyte for STM3ZFTx6
SRAM1 size = 368 Kbyte for STM32ZFTx7, STM32FTx8 and STM32F7x9

A 3. SRAM2 size = 16 Kbyte for STM32F7x6, STM32F7x7, STM32F7x8 and STM32F7x5

life.augmented STM32F42xx Technical Training  18/12/2017
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Type A or B: up to 22 wires (20 MHz max.) D B I

" Up to 16 data wires
Cortex-M " Up to 6 control wires
» DBI-SPI

[Flash %M "’
o.augmented
Type C: up to 6 wires (20 MHz max.)
" 1 or 2 data wires
Cortex-M DMA " Up to 4 control wires
— DBI-FMC/FSMC
| Ctrl
: N
s SE—
FIE;J RAM GRAM
Lys
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DBI-SPI3[

Lys
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SPI

Serial I/F

DBz




DBI-FMC/FSMC%z[
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8080 I/F

FSMC/FMC

DBz




DPI-LTDC#z[

Lys
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LCD-TFT architecture

|
ak
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() @
% =
£ 2 LCD_CLK
=R LCD_HSYNC
& @
Z = LCD_VSYNC
m
_ z R LCD DE
N LCD R[7:0]
)
TN LCD G[7:0]
g E 4 LCD B[7:0]
L C —
o) “ o2 Timings
c 83 Generation
om S 0
o 2 5
< "'g 3
O (7]
%J
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LTDC3S | iifz=

Figure 12. LTDC signal interface
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LCD-TFT Signals

* The LCD-TFT IO pins not used by the application can be used for
other purposes.

Table 5. LTDC interface output signals .

LCD-TFT signal | Description

The LCD_CLK acts as the data valid signal for the LCD-TFT. The data is

LCD_CLK considered by the display only on the LCD_CLK rising or falling edge.
The line synchronization signal (LCD_HSYNC) manages horizontal line scanning
LCD _HSYNC i :
- and acts as line display strobe.
The frame synchronization signal (LCD_VSYNC) manages vertical scanning and
LCD WSYNC
- acts as a frame update strobe.
LD DE The DE signal, indicates to the LCD-TFT that the data in the RGB bus is valid and

must be latched to be drawn.

The LTDC interface can be configured to output more than one color depth. It can

PixelRGB data | | se up to 24 data lines (RGB888) as display interface bus.

Lys
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Figure 34. LCD-TFT connection in the STM32F746G-DISCO board

Figure 30. Connecting an RGB666 display panel

RGB888

RKMM3IFN4RH-CT672B

e

LCD CLK 30 o ) LCD RO
TCD HSYNC 32 l‘,'{*\?\(. :i‘l’ 6 TCD R
Timing signals | __LCD VSYNC33 | 22 ol 7 LCD R2
SY? - -
LCD DE___ 34 o ft}; ﬁi
| —— Ri — —
'|l = LCD DISE 31 DISP RS 10 LCD RS
| 4K7 RE k] LCD R6
sl 12 LD RJ
Backlight |(:l) BI 2 VBL GO 13 I (:[) (ill
Sentod LCD BL e o 4 LCD Gl
A o 15 (D G2
= 16 LCD G3
. GY s D
T & e
12C for touch sensor | ~TLD SDA 40 :t)“\ :: 9 TCD G6
- - SD/ i - - —
LCDReset —LCDRST 37 | propr G7 20— LCD GJ
21 LCD B0
x_\[_'x :;'I’ 33 1LCD Bl
B 23 CDh B2

by 3 =
e YaD B2 =3 D b2
53 =t 3 B3 M35 icp B4
iy 4.7ul 55— GND B4 T3 1CD B3
e = | GND BS |—=o T
| (Ot 35 : 7 LCD B6
"é GND B6 ;“ (D 7
¢ —— GND B7 == '

LTDC

LCOD_R7Y
LCD_R6
LCO_RS
LCD_R4
LCD_R3
LCD_R2
LCO_R1
LCO_RO
LCD_G7
LCD_GE
LCD_GS
LCD G4
LCD_G3
LCD_G2
LCD G1
LED_GO

LED_BT
LCD_BE
LED_BS
LCD_B4
LCD_B3
LED_B2
LED_B1
LED_BO

LED_CLK
LCO_DE
LED_HSYNC
LCO_VSYNC

R5
R4
R3
RZ
R1
RO

g2gaeen

EIEEZER

DE
HSYNC
VSYNC

RGB&6E display panel

M2 4V 1
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LTDC Timings

Start of HSYNC HBP Active Width HEP
Frame “\| g <
4L
VSYNC X
VBP M
D1,L1 .
VBP: Vertical Back porch
VFP: Vertical Front porch
Active HBP: Horizontal Back porch
Heigh HFP: Horizontal Front porch
These timings come from
v pm., tn the datasheet of the
display. E.g. TFT on
VFP discove:/kit/

Parameters Symbols | Condition | Min. | Typ. | Max. Units
Harizontal Synehronization Hayne 2 10 16 | DOTCLK
Harizontal Back Porch HEF 2 20 24 | DOTCLK
Harizontal Addrass HAdr - 240 - DOTCLK
Harizontal Front Porch HFP 2 10 16 | DOTCLK
Wertical Synchronization Wayno 1 2 4 Line
Wertical Back Porch WEP 1 2 - Line
"I Wertical Address WAdr - 320 - Line
life.augmented YWartical Front Porch WEP 3 4 - Line 12/18/2017




Figure 14. Fully programmable timings and resolutions

Total width up to 4096: TOTALW[11:0] N
HBP HFP
% o [*™ a
Frame start nE Active width
T = -t -
]
¥ vsYNCwidihg [
= &
= VeP | Active display area
: ;
:
3
o
8 Active Height
a
p=1
b=
L=
3
I ¥ Data(n), Line(n)
r
2 VFP
L A
- WSYNC control signal _—_HSYNC contral signal

MSwd4 606V

LTDCHI

Figure 15. LTDC fully programmable display resolution with
total width up to 4096 pixels and total height up to 2048 lines

Any display resolution belonging to the maximal total area in 4096 x 2048 as described in
Figure 151s supported by the LTDC only if the following conditions are met:
- The display panel pixel clock must not exceed the maximal LTDC pixel clock in
Table 2
- The display panel pixel clock must not exceed the maximal STM32 pixel clock
respecting the framebuffer bandwidth (see Section 4.2- Checking the display size and
color depth compatibility with the hardware configuration).

Figure 15 shows some custom and standard resolutions belonging to the maximal 4096 x
2048 supported by the LTDC.

»y

life.augmented

Total Width
up to 4096 picels
' ' -
g' | | : : ' El
I 1 | I
| [ | [
1 T :
I E
| ______° & | | | | g
___________ _L___=-|____ql____—l_____'________J
EI E| I I
H] I
3 | |
| §_| | :
——————————————— —— - ! |
2| I
2 ! s!
] 2 gl
___________________ 7 -1 gl
2| al
_______________________ £ _ _ _ _ x|
2
Total Height
up to 2048 lines
MSvA460TV 1

1. Only the active display area is shown in this figure.
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STM32 LTDCZ&%#4

Table 6. LTDC timing registers

Register Timin rameter Value to be

g dpa programmed
HSW[11:0] |HSYNC width - 1 From 1 to 4096 pixels

LTDC SSCRM : _
WSH[11:0] WSYNC height - 1 From 1 to 2048 lines
AHBP[11:0] |HSYNC width + HBP - 1 From 1 to 4096 pixels

LTDC BPCR _ _
AVBP[10:0] [VSYNC height + VBP - 1 From 1 to 2048 lines
AAW[11:0] HSYNC width + HBP + active width - 1 From 1 to 4096 pixels

LTDC _AWCR : _ : _
AAH[10:0] WSYNC height + BVBP + active height - 1 From 1 to 2048 lines
1TDC TWCR TOTALW]11:0] HSYMNC width + HBP + active width + HFP - 1 From 1 to 4096 pixels
N TOTALH[10:0] | VSYNC height + BVBP + active height + VFP - 1 From 1 to 2048 lines

Lys
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Frame Display

Figure 13. Typical LTDC display frame (active width = 480 pixels)

LCD_CLK

1 frame

Vertical front

porch (VFP)

1 line
Horizontal back LCD col Horizontal front
porch (HBP) SOIEIIES porch (HFP)

1 2 3 4 5 X X X X X mn'

LCD_RGBs

LCD data
enable

Ao A o o oo o A o o o o o o o o o o o o o o o o A A,

MSwaE0EV




Alpha Channel Usage

» The Alpha channel represent the transparency of a pixel

* It's mandatory as soon as you are manipulating bitmaps with non
square edges or for anti-aliased font support

Aliased Anti-aliased / / /
* OXFF = opaque OxFFFF0000 OxAAFF0000 O0x30FF0000
e 0x00 = trasnparent Box filled with color in

ARGBS8888 format
KYI
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Pixel Data Mapping vs Color Format

8 programmable Input color format per layer ]
¢

31:24 23:16 15:8 7:0

ARBGE388 G o070 2

RGB8S 24

ARGB1555 VESIE Rx+1[ PEXFLNGCXF1[2:0] Bx+1[4:0] WA Rx[4:0] [GX]4: 3| CXx|2:0] Bx[4:0]
0] 4:0] 4:3]

AL44 Ax+3[3:0] Ax+2[3:0] Lx+2[3:0] Ax+1[3:0] Lx+1[3:0] AX[3:0] Lx[3:0] 8
Lx+3[3:0]

=

6

Lys
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Pixel Format Conversion

* The color format of a bitmap converted into another one : this
operation is called Pixel Format Conversion (PFC)

* Direct Mode to Direct Mode or Indirect Mode to Direct Mode is easy to
do, but converting to an indirect color format would mean
regenerating a CLUT which is a very complex operation...

/~ ARGB1555 \ /~  ARGB88S8 N\

PFC

=)

4 3 2 1 O 4 3 2 1 0 4 3 2

4 3 2 1 0 4 3 2 1 0 4 3 2

4 '3 2|1 0 4 3 2 1 0 4 3 2

o /

/III
=

Lys
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ARGB8888

PFC - Direct color Mode

RGB888 ARGB4444
ARGB1555
RGB565

' Direct coding




-

Color
LookUp Table

7

PFC - Indirect color Mode

L8
AL44

.

A8
Index

Indirect coding




CLUT - Palletized color

* Color Look-Up Table (CLUT) up to 256 entry per layer
* The frame buffer will contain an index value for each pixel

* The CLUT must be pre-loaded with RGB values for each
Index
« Each RGB value is stored in a position in the CLUT.

e The CLUT must be reloaded only when LTDC is disabled or during vertical
blanking period

* The CLUT can be enabled on the fly for every layer
through the LTDC_LXCR register



CLUT- Palletized

- The R, G and B values and their own respective address are
programmed through the LTDC_LxXCLUTWR register.

» L8 and AL88 input pixel format, the CLUT has to be loaded by 256 colors

» AL44 input pixel format, the CLUT has to be loaded by 16 colors. The address of
each color must be filled by replicating the 4-bit L channel to 8-bit.

» LO (indexed color 0), at address 0x00,
L1, at address 0x11....
« L2, at address 0x22

Indexed 16 — L4 Indexed 256 - L8 RGB888

W (k= o o
S ETO R L L [
N jw k=
(=20 L I [PV | 6
[=20 =1 | o | NI [ FS)

Source - wikipedia.org

Lys
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Demo — Color Formats

 Size of pictures displayed

* RGB 888 - 230kb — needed for pictures with uniform
color transitions (like blue sky on the picture)

*« RGB565 - 154kb — good trade off between size and
quality

* L8 - 78kb — for small icons it is usually good enough,
without significant quality decrease

* Picture quality

+ Difference is mostly visible in the color transitions (like
the blue sky)

+ Dithering is improving the quality, but it make worse
details recognition

« STM32F429I-Discovery kit display

» 18bit interface, it is not possible to display 24bpp
(RGB888)

» Difference between direct RGB888 and RGB565 is not
visible
« HW dithering is improving the quality of RGB888

* Indexed L8 format can be improved by dithering
implemented on PC side

Lys
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Layer Programmable Parameters: Window

» Window position and size
» The first and last visible Pixel are configured in the LTDC _LxWHPCR register.
* The first and last visible line are configured in the LTDC _LxWVPCR

START_POS_X || END_X_POS
|

START_POS_Y

END_POS_Y

Lys
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Layer Programmable Parameters: Color Frame
Buffer

- The frame buffer size, line length and the number of lines settings
must be correctly configured :

 If it is set to less bytes than required by the layer, FIFO underrun error will be set.

* If it is set to more bytes than actually required by the layer, the useless data read is
discarded. The useless data is not displayed.

Start of layer frame buffer

ame Buffer

Line Length

Pitch )
r of Lines

Lys
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Layer Programmable Parameters: Color Frame
Buffer - effects

- Simply changing the start of the layer frame buffer you can scroll the
picture over the layer

» The picture stored in the memory must be bigger than actual layer size




Demo - Moving layer

LTDC Layer_InitStruct.LTDC CFBStartAdress =
(uint32_t)image + 3*( offsetH + (offsetv * Image width ));

* Bytes per pixel L - Vertical scroll

320

* Horizontal
scroll

P n
< >

- Base address of
Image in memory

- Just by changing the layer buffer address
you can move the visible layer over a
bitmap which is bigger than the layer.

400

&7 "
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Layer Programmable Parameters: Multi-layer
blending

* Blending is always active using alpha value

* Blending factors are configured through the LTDC_LxBFCR register
» Fixed Constant alpha
» Alpha pixel multiplied by the Constant Alpha

» The blending order is fixed and it is bottom up.

* Programmable Background Color for the bottom layer

Layer 1 Layer 2

Solid color
background



http://medialib.st.com/pages/preview.php?ref=636&ext=jpg&k=&search=&offset=0&order_by=relevance&sort=DESC&archive=0&
http://medialib.st.com/pages/preview.php?ref=636&ext=jpg&k=&search=&offset=0&order_by=relevance&sort=DESC&archive=0&

Blending — Example 1

- Layer 1 blending with background
» Background is black
» Layer 2 is disabled.

100%
75% STM32' Releasing your creativity
5006 § w g
25% ( )
0%

Lys
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Blending — Example 2

- Layer 1 and Layer 2 blending
» Background color is black
» Layer 1 Constant Alpha set to 100 %
» Layer 2 Constant Alpha is set to:

100%

75 %

50 %

25 %

0 %

Lys
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Layer Programmable Parameters: Color Keying

» Transparent color (RGB) can be defined for each layer in the
LTDC_LXCKCR register

* When the Color Keying is enabled, the current pixels is compared to
the color key. If they match for the programmed RGB value, all
channels (ARGB) of that pixel are set to 0.

- Color Keying can be enabled on the fly for each layer in the
LTDC LXxCR regiser




Layer Programmable Parameters: Default s®lor

* Default Color

» The default color (ARGB) is used outside the defined layer
window or when a layer is disabled.

» The default color is configured through the LTDC_LxDCCR
register.

 To bypass the default color, set the blending factor to transparent
Alpha

* Tricky use case:

 Layer 1 is enabled
 Layer 2 is disabled, with default color black.

* If blending factor is set to ConstAlpha=0xFF, No image will be
displayed. Only black window that will be displayed ( default color
of Layer2 is black).



MIPI-DSI#Z[]
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Overview

» The DSI host provides a communication interface with
external DSI displays

 Fully configurable

DSI| Host » Supports Command and Video modes
DSI
Wrapper

* Up to 500 Mbits/s per lane (2 lanes on STM32F)

Application benefits

Allows interfacing with low pin-count displays (4 or 6)

g DSI Display

DSI Device m

TFT
Ctrl.

Very fast refresh time (1 Gbit/s with 2 lanes)
Highly integrated solution (internal D-PHY)
Simple integration on existing projects (using LTDC)

life.augmented
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Key features

Flexible operating modes to efficiently support all display types

* Three operating modes
« Video mode
« APB Command mode
» Adapted Command mode

 Very fast transfers up to 1Gbit/s (500 Mbits/s per lane) on STM32F MCUs

 User selects the number of data lanes (up to 2)
* Number of pins fits exactly with the bandwidth requirement

* Deeply integrated with LTDC

 LTDC remains the “streamer” and feeds the DSI| Host

Lys
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Operating modes

Flexible operating modes to support efficiently all display types

* Video mode
» DSI Host sends LTDC output, including HSYNC and VSYNC signals over DSI (streaming)

+ APB Command mode

* DSI Host sends DCS or custom commands over DSI (similar to serial LCDs with SPI or FMC
interface)

« Commands are launched using DSI Host APB interface

» Adapted Command mode

» DSI Host captures one full LTDC frame and transforms it automatically to a series of DCS commands
to update the display’s Graphics RAM (as previously done through SPI or FMC)

* Most efficient way to manage Graphics RAM updates

Lys
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Video mode

Several video modes for efficient bus usage

* For Video mode, DSI supports the following operating modes:

* Non-Burst mode with sync pulses:
Enables the peripheral to accurately reconstruct original video timing, including sync pulse widths

* Non-Burst mode with sync event:
Similar to above, but accurate reconstruction of sync pulse widths is not required, so a single sync event is

substituted.

» Burst mode:
RGB pixel packets are time-compressed, leaving more time during a scan line for low-power mode (saving power)

or for multiplexing other transmissions onto the DSI link.

» A host supports all the 3 modes, but a display is only required to support at least one

Lys
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APB Command mode

Sends commands through DSI Host APB registers

- APB interface for transfer operations
» Sends DCS (Display Command Set) or generic commands
» Used for display configurations and/or maintenance
» Can be sent in High-Speed or Low-Power

« Some displays only accept low-power during initialization phase
» Each type of command packet can be configured in LP/HS

« Command can be sent during video transmission if the DSI host has time between two video packets
» Scheduling is based on the timing programmed in the DSI Host registers.
+ All commands are listed in the DCS specification (pure software)
» Generic commands (non-DCS) can be implemented (see the display specification)

Lys
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Adapted Command mode

Automatic GRAM refresh mode with LTDC! No CPU nor DMA needed

- Graphics RAM refresh transfer operations

» Used in conjunction with LTDC
The DSI Host controls the LTDC and enables it for 1 frame
The RGB data from the LTDC are written within DCS long write command packet
Once refresh is done, the LTDC is stopped and the DSI link goes back to LP-Stop
Most efficient way to update Graphics RAM

» The user controls the refresh of the display by just setting one bit when the host-side frame
buffer is ready

- The display can be refreshed at the maximum speed of the link
» Take care of potential bandwidth limitations at the input of the LTDC

Lys
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Tearing effect management

Easy synchronization of GRAM refresh

* In Adapted Command mode, Tearing Effect signaling allows a perfect synchronization with the
display for refresh operations

* TE over the link

 Once DCS SET_TEAR_ON command is issued through the APB Command mode interface, the DSI Host gives
the bus control to the display

* Once the programmed scan line is reached, the display sends a Tearing Effect trigger and gives the bus control to
the DSI Host

* An interrupt is raised, and the user can launch a GRAM refresh

* TE over a pin
* The pin toggles when the programmed scan line is reached
« An interrupt is raised, and the user can launch a GRAM refresh

Lys
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Video mode vs Command mode

Adapted Command mode is preferred from an MCU standpoint

* Video mode
* Lower cost display controller on display side
« But keeps the same constraints as today on LTDC

* Image calculation in the same time as image streaming
» Usually need an external SRAM/SDRAM because of double buffering
« High bandwidth on FMC
» Adapted Command mode
« Slightly higher cost display controller on display side
* More integrated solution

* Only one frame buffer needed on MCU side: frame buffer can often fit in the internal MCU SRAM
* Image calculation and GRAM update are not occurring at the same time: no bottleneck

Lys

life.augmented o2



Summary
Video and Command modes over DSI

 Supports Video mode operating mode
e Timing accurate streaming

« Burst mode for consumption reduction
» All RGB color modes supported (RGB565/666/888)

» Support classical commands with APB interface
e Simple DCS or custom command issuing to the display
 For display configuration at startup

» Support Adapted Command mode
» Most efficient way to update a GRAM
* Only one bit to set to update a GRAM!

Lys
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Performance

 Relationship between DSI bandwidth and LTDC Pixel clock
* Depends on the color coding of the targeted display (bpp)
* Equivalent LTDC clock: 1 Ghit/s / 16 bpp = 62.5 MHz in 16 bpp
* Equivalent LTDC clock: 1 Gbit/s / 24 bpp = 41.5 MHz in 24 bpp

 Application example

200 MHz DSI with 1 data lane ~200 Mbit/s bandwidth

* For a 16 bpp display, PCLK =200/16 ~ 10 MHz (~400x400 / 60 Hz)
* 500 MHz DSI with 2 data lanes ~ 1 Gbit/s bandwidth

» For a 24 bpp display, PCLK = 1000/24 ~ 40 MHz (~800x600 / 60 Hz)

Lys
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Interrupts & DMA

- The DSI Host has interrupt sources for all the events which could occur on the link in the
controller

* Refer to the reference manual for a detailed description

- The DSI Host generates additional interrupts for
* Regulator events
 PLL events
« Tearing Effect events

* No DMA request is necessary for the DSI Host as it works with the LTDC (which has its own
DMA master)

Lys
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Low-power modes

Run Active.

Sleep Active. Peripheral interrupts cause the device to exit Sleep mode.

Stop Frozen. Peripheral registers content is kept.

Standby Powered-down. The peripheral must be reinitialized after exiting Standby mode.

Lys
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Application examples

* Applications including connectivity and user interface:
* 400x400 / 24 bpp display with embedded GRAM (no need for external RAM)
* QSPI to store graphical primitives

BT Module

Display

QuadSPI
Touch Panel

Serial Flash

Accelerometer STM32F :
Audio Codec

Buttons

USB connector

Lys
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FMC/FSMC



Supported devices

Compatible with a wide variety of interfaces and memories

» Parallel LCD modules
* Intel 8080 and Motorola 6800

Lys
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FMC Bank memory mapping

- External memories are divided into 4 fixed-size banks
» Bank 1 (4 x 64 Mbytes) for NOR Flash, SRAM or PSRAM
» Bank 3 (256 Mbytes) for NAND Flash
» Bank 2 is used for SDRAM bank remap and Bank 4 is reserved.
* Banks 5 & 6 for SDRAM

OXDFFF FFFF Bank :
0xD000 0000 256 Mbytes SORAM
OXCFFF FFFF

0xC000 0000 256 Mbytes

OX9FFF FFFF E—

0x9000 0000 Reserved

OXBFFFFFEF Bank 3 } NAND Flash

0x8000 0000
OX7FFF FFFF

Bank 2 } SDRAM bank remap

Bank 1
4 x 64 Mbytes NOR/PSRAM/SRAM

0x7000 0000
OX6FFF FFFF

r 0x6000 0000
2 /4

life.augmented 62



", 0x6000 0000 4 x 64 Mbytes
life

NOR / PSRAM address mapping

Bank 1 is divided into 4 banks of 64 Mbytes each to interface with 4
external NOR / PSRAM memories (4 Chip Selects) which support

* NOR Flash: 8/16/32-bit synchronous/asynchronous, multiplexed or non-multiplexed
- SRAM/ROM: 8/16/32-bit
« CRAM/PSRAM: 8/16/32-bit synchronous/asynchronous

OxDFFF FFFF
Bank 6

0xD000 0000 256 Mbytes
OXCFFF FFFF Bank 5

256 Mbytes Ox6FFF FFFF Bank4 — Chip Select 4
0xC000 0000 64 Mbytes
OX9FFF FFFF Bank 2

Reserved 0x6C00 0000
0x9000 0000 Ox6BFF FFFF Bank 3 — Chip Select 3
Ox8FFF FFFF Bank 3 64 Mbytes
256 Mbytes 0x6800 0000
0x8000 0000
O0x7FEE EFEE Ox67FF FFFF Bank 2 — Chlp Select 2
Bank 2 64 Mbytes
0x7000 0000 Reserved 0x6400 0000
OX6FFF FFFF Bank 1 0x63FF FFFF Bank 1 — Chip Select 1
64 Mbytes
0x6000 0000
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NOR / PSRAM interface signals

» The FMC generates the appropriate signals to drive

» Asynchronous SRAM and ROM
 8-bit
 16-bit
« 32-bit
« PSRAM (CellularRAM and CosmoRAM)
* Asynchronous mode
* Burst mode
* Multiplexed or non-multiplexed
* NOR Flash

* Asynchronous mode
» Burst mode
* Multiplexed or non-multiplexed

Lys
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FMC

NOR / PSRAM
memory
controller

Configuration

registers

NAND
memory
controller

SDRAM
memory
controller

VR

fvddy

FMC_NE[4:1]
FMC_NL (or NADV)
FMC_NBL[2:0]
FMC_CLK

FMC_A[25:0]
FMC_D[31:0]
FMC_NOE
FMC_NWE
FMC_NWAIT
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NOR / PSRAM timing configuration

- The FMC NOR / PSRAM controller is used to set the timings of the memory connected to the
bank

» Address setup phase duration

» Address hold phase duration

» Data setup phase duration

» Bus turnaround phase duration

» Clock divide ratio

» Data latency (for synchronous burst NOR Flash)
» Access mode

Lys
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NAND address mapping

* Bank 3 is used to support NAND Flash memory through two memory spaces
« Common memory space
 Attribute memory space

- Each memory space is divided into 3 subsections
» Data section (64 Kbytes): Used to read or write data
« Command section (64 Kbytes): Used to send a command to NAND Flash memory
» Address section (128 Kbytes): Used to specify the NAND Flash memory address

Address section
OX8FFF FFFF 0x8803 FFFF
Reserved .
0x8C00 0000 Command section

OX8FFF FFFF O0x8BFF FFFF } Dgﬁaz?acfizn
0x8000 0000 256 Mbytes Ox87FF FFFF [N 018003 FEFE Address section
0x8400 0000 128 Kbytes
r Ox83FF FFFF Common memory space Command section
S /4 0x8000 0000 64 Mbytes } —iRByles

Data section
0x8000 0000 64 KBytes

life.augmented




NAND interface signals

* The FMC generates the appropriate signals to drive the NAND memories

* NAND Flash
« 8-bit
. 16-bit FMC
—> FMC_A[25:0]
N[OIsFASISIZIANVE <> FMC_D[15:0]
memory — FMC_NOE
controller -
—> FMC_NWE
<+«— FMC_NWAIT
Configuration
registers
NAND — FMC_NCE
memory
<«— FMC_INT

controller

SDRAM
memory
controller

Lys
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NAND configuration

- The FMC NAND memory controller supports the following features
» ECC hardware acceleration for read and write operations ranging from 256 to 8192 bytes

» 3 interrupt sources for NAND bank

* Rising edge

» Falling edge

» Level of the external memory Ready/nBusy output pin
« Wait feature management

» The controller waits for the NAND Flash memory to be ready (Ready/nBusy signal high), before starting a new access.

* The MPU memory attribute of the FMC NAND bank must be configured as “Device”.

Lys
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NAND timing configuration

* For each memory space a set of parameters can be configured
» Setup time: Time to set up the address before the command assertion
» Wait time: Time to assert the command
» Hold time: Time to hold address after the command de-assertion
» Data bus HiZ time: Time from address valid to data bus drive

Lys
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Interrupts

Interrupt event Description
Rising edge Rising edge has been detected on FMC_INT pin
Falling edge Falling edge has been detected on FMC _INT pin
High level High level has been detected on FMC_INT pin

Lys
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SDRAM address mapping

* Up to 512 Mbytes of continuous memory split into two banks, can be seen as a single device.

- Each bank can address up to 256 Mbytes of memory

OxDFFF FFFF Bank 6
256 Mbytes

0xD000 0000
OXCFFF FFFF T

X000 0000 256 Mbytes OXDFFF FFFF Bank 6 — SDRAM Bank2

OX9FFF FFFF 256 Mbytes (4x16MBXx32-bit)
0xDCO00 0000

0x9000 0000

OXCBFF FFFF
OXSEFF FFFF X Bank 5 — SDRAM Bank1
Bank 3 256 Mbytes (4x16MBx32-bit)
256 Mbytes 0xC000 0000

0x8000 0000
OX7FFF FFFF

0x7000 0000

OX6FFF FFFF ——

4 x 64 Mbytes

0x6000 0000

Lys

life.augmented

71



SDRAM interface signals

- The FMC generates the appropriate signals to drive the SDRAM memories
« SDRAM
- 8-bit
 16-bit FMC
- 32-hit

NOR / PSRAM > FMC_A[12:0]

memory

controller <+» FMC_D[31:0]
— FMC_BA[1:0]
—> FMC_NBLJ[2:0]

Configuration
registers

NAND

memory

controller
—> FMC_SDCLK

SDRAM —» FMC_SDCKE[1:0]

memory —» FMC_SDNE[1:0]

controller :: Emg:ﬁgﬁ\é\”z
—> FMC_NCAS

Lys
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SDRAM configuration

* Up to 4 internal banks with configurable Row and Column sizes:
* up to 13-bit Address Row,
* up to 11-bit Address Column.

* Programmable timing parameters for different SDRAM device requirements
» Automatic Refresh operation with programmable Refresh rate

« Automatic row and bank boundary management

« Configurable SDRAM clock speed
* One-half AHB speed (HCLK /2)
* One-third AHB speed (HCLK/3)

Lys
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SDRAM Multibank access

 Multibank ping-pong access allows to perform consecutive write accesses to different banks
- SDRAM controller keeps track of the active row for each bank,

» Avoids bank precharge and row activation if the row is already activated.

Lys
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SDRAM optimized access

« Cacheable Read FIFO with depth of six 32-bit lines

- Configurable Read Burst allows to anticipate the next read accesses during CAS latencies

augmented 75



SDRAM low-power modes

- Two low-power modes are supported:

o Self-refresh mode

* When in Self-refresh mode, the SDRAM retains data without external clocking
* The device can remain in Self-refresh mode as long as requested by the application.

» Self-refresh mode is exited when:

+ SDRAM device is selected (read/write operation requested)
« or MODE bits are set to ‘000’ (Normal mode)

 Power-down mode

» The device cannot remain in Power-down mode longer than the refresh period. The SDRAM controller carries out the refresh
operation.

* Power-Down mode is exited when:
* MODE bits are set to ‘000’ (Normal mode)

Lys
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SDRAM commands

Supported Commands

- Commands can be delivered to the two banks simultaneously using Configure Target Bank
bits (CTB1 and CTB2) in the FMC_SDCMR register

Command MODE bits
Normal mode ‘000°
Clock Configuration Enable ‘0071’
PALL (“All Bank Precharge”) command ‘010’
Auto-refresh command ‘011
Load Mode Register 100’
Self-refresh command ‘101
Power-down command “110°
'S73
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SDRAM Initialization procedure

- SDRAM memory power-up initialization procedure:

1.

o oA W N

8.

Lys
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Configure memory device features in the FMC_SDCRX register

Configure memory device timings in the FMC_SDTRX register

Set MODE bits to ‘001’ in the FMC_SDCMR register to start delivering the clock signal to the memory.
Wait for the prescribed delay period (typical delay is around 100 us)

Set MODE bits to ‘010’ in the FMC_SDCMR register to issue a “Precharge All” command.

Set MODE bits to ‘011’ in the FMC_SDCMR register as well as the NRFS field number of consecutive Auto-
refresh commands.

Set MODE bits to “100’, in the FMC_SDCMR register to issue a “Load Mode Register” command and MRD
field to program the SDRAM device:

Burst Length (BL) has to be set to ‘1’ and the CAS latency has to be selected
Configure the refresh rate in the FMC_SDRTR register
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Low-power modes

Description

Run Active.
Sleep Active. Peripheral interrupts cause the device to exit Sleep mode.
Stop Frozen. Peripheral registers content is kepit.

Powered-down. The peripheral must be reinitialized after exiting domain and system

Standby Standby mode.

Lys
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Application example

* Wearable application including connectivity and user interface

BT module

Quad-SPI or

NOR Flash Touch panel

Accelerometer Slal STM32F7

Buttons

Audio codec

USB connector

» External memory can store audio and graphical (icons, fonts, etc...) data
required for the user interface.



Related peripherals

 This is a list of peripherals related to the FMC controller. Please refer to these peripheral
trainings for more information if needed.

» Reset and clock control (RCC)
* Interrupts (NVIC)
» General-purpose inputs/outputs (GPIO)

Lys
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QSPI




Single or dual Quad-SPI access?

Flexible selection between number of pins and performance

* Quad-SPI supports single and dual external

. Registers /
Flash operation(*) Control
* 4-bit or 8-bit data bus Cloik
Management QSPI Flash
AHB CLK
g CLK
BK1_I00/SO QUS|
BK1_I01/SI QUSO
BK1_102 Q2P
BK1 103 Q3/nHOLD
BK1_nCS o o
Shift
Register | QSPI Flash
i CLK
BK2_I00/SO | QUS|
BK2_IOL/SI QLSO
BK2_102 5 Q2/nWP
BK2_103 f Q3/nHOLD
", * . depends on part numbers Bkancs ¢ nCs
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Key features

* Three operating modes
* Indirect
 Status-polling
* Memory-mapped

* Optimized operations up to 100 MHz(**)
» Dual-Flash mode* (8 bits for accessing two Flash memories in parallel)
» Single data rate (SDR) and Dual data rate (*) (DDR) support

* . Depends on part numbers
‘YI ** - For the full range of VDD from 1.71 to 3.6 V
84
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Operating modes

* Indirect mode
 All the operations are performed through registers (classical SPI)

» Status polling mode
» Automatic periodical read of the Flash status registers and interrupt generation on match

* Memory mapped mode
» External Flash seen as internal for read operations

Lys
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Frame format

Compatible with any single/dual/quad SPI serial Flash memory

* Quad-SPI commands contain up to 5 configurable phases
» Each phase could be enabled or disabled
» Configurable length for each phase
» Configurable number of lines for each phase

y Command b Address e Alt D:Pum”“‘;( Data .

ncS L | | | | o
Y3 I RN
100 _ 7 )6 s a) a2 1) ofa)ola)fo)alofalo] (2o a0

101 : :(5)(1)K5)(1](5)(1):(5)(1$I :(5)(1)K5)(1Xf;

102 — (6 262162 6)2] e 2 62 o

103 : :(7X3)K7)(3}(7)(3):(7X3}: :(7)(3)K7)(3X§:

| A2316 | A58 | A7-0 | M7-0 | /ﬁ Bytel ' Byte2 .

IO switch from
"I output to input



Indirect operating mode

« Same use as a classical communication IP
» The data is transferred by writing or reading a data register
* Number of bytes specified in the data length register

- Management of data FIFO with
* Interrupts flag (Transfer Complete Flag)
 DMA support

* Launching a command
* When writing the instruction if only the instruction is needed
» When writing the address if only the instruction & address are needed
* When writing the data when the data phase are needed

Lys

life.augmented 87



Status polling operating mode

Reduced software overhead

- Specific mode for polling a Status register
* Programmable register length: 8/16/24/32-bit
* Repeats the read operation at a defined rate

- Mask the response and generate an interrupt in case of match

* Programmable mask (PSMKR register)
- The masked value is compared bit per bit with the match register (PSMAR)

+ The result of the comparison can be ANDed or ORed.
* Interrupt is generated when succeed (Stop on Match Flag)

- Automatic stop when a match occurs

Lys .
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Memory-mapped mode

Simple extension of memory into the project

Low-power management

* Prefetch for XiP

- External Flash seen as an internal one with wait states
* Read operations are automatically generated on AHB access
* Frame & opcode defined during IP configuration as for Indirect mode

* Pin nCS is held low and clock is stopped to stall the Quad-SPI bus and relaunch a sequential
read if needed

» Timeout counter to release pin nCS High for low power

Lys
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Delayed data sampling

* The sampling clock can be shifted by an additional %2 clock cycle
» Supported only in SDR mode

* The output data can be shifted by a Y2 system clock cycle*
» Supported only in DDR mode

* - depends on part numbers
‘_’, P P
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Interrupts and DMA

Timeout Set when timeout occurs.

Set in automatic Polling mode when the masked received data matches the

Status match corresponding bits in the match register.

FIFO threshold Set in Indirect mode when the FIFO threshold has been reached.

Set in Indirect mode when the programmed number of data has been

IFEISiEr €0 mplEiE transferred or in any mode when the transfer has been aborted.

Transfer error Set in Indirect mode when an Invalid address is being accessed.

- DMA requests can be generated in Indirect mode when FIFO threshold is
reached.

Lys

life.augmented o1



Low-power modes

Run Active.

Sleep Active. Peripheral interrupts cause the device to exit Sleep mode.

Stop Frozen. Peripheral registers content is kept.

Standby Powered-down. The peripheral must be reinitialized after exiting Standby mode.

Lys
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Application examples

- Wearable applications including connectivity and user interface:

BT Module

FMC / SPI

Serial Flash

Accelerometer STM32F7

Audio Codec

Buttons

USB Connector

- External Quad-SPI can store graphical (icons, fonts...etc...) and audio data
required for user interface.
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Related peripherals

 Refer to these trainings related to this peripheral:
 RCC (Quad-SPI clock control, Quad-SPI enable/reset)
* Interrupts (Quad-SPI interrupt mapping)
 DMA (Quad-SPI data transfer)
* GPIO (Quad-SPI input/output pins)

Lys
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Comparison across STM32 series

?:Ql?rsezl STM32L4 | STM32F0 | STM32F1 | STM32F2 | STM32F3 | STM32F4 | STM32F7

Number of il 0 0 0 0 1 1
Instances

ML 48 MHz N/A N/A N/A N/A 90 MHz 100 MHz
speed

Dual Flash N N/A N/A N/A N/A Y Y
Software N/A N/A N/A N/A N/A

compatibility

) Full or almost full
Low-level drivers

Lys software compatibility: Partial
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MMC




APB
interface

APB bus

SDMMC
adapter

SDMMC_CK
SDMMC_CMD

SDMMC_D[7..0]
—>

PCLK

Lys
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SDMMCCLK

Overview

* Provides a communication interface with
MultiMediaCards (MMC), Secure Digital (SD) memory

cards and SD I/O devices (SDIO)

 Fully configurable
« Compliant with the SD (2.0), SDIO (2.0) and MMC (4.2)

specifications

Application benefits
Supports both default-speed (< 25 MHz) and high-

speed cards and devices (up to 50 MHz)

Only a few pins needed
Simple extension of data storage




Key features

+ SDMMC host features
» Supports 1-bit , 4-bit and 8-bit data bus modes
» Supports read/write via the DMA to offload the CPU

 Configurable clock generator operations up to 50 MHz
» Supports power-save features

« SDIO supports features such as multi-byte, interrupt signaling, read wait and suspend/resume
operations

Lys

life.augmented 98



Block diagram

SDMMC

APB interface SDMMC adapter

. SDMMC_CK -
Control unit >

Interrupt request <——
DMA request «<—— BREGERIEN

register Command SOMME CMP
path
< SDMMC_D[7:0]
To APB Data path >
RCC SDMMCXSEL
¢
R PCLK SDMMCCLK
—

Lys
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Control unit

« SDMMC_CK clock (up to 50 MHz) is managed by
the clock control module
« SDMMC_CK can use the 8-bit prescaler or the

clock bypass mode (card is clocked directly by
SDMMCCLK)

Power management module
* Power-save mode: SDMMC_CK clock output can

be disabled when the bus is idle

APB interface SDMMC_CK

Clock control
module

registers

To command and data paths

Lys
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Command path

Status Control Command
flag logic timer
! " Sounc_con-
— B sovivic_chpout
—
e

v
: Shlft
VD register

<—>

)
O
S
‘=
<
=
o
o
<

Command path

’, 101
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Command path state machine

States and transition conditions

CPSM Enable &
_.——_ Pending command \

CPSM Disable
Pending — orTimeout
CPSM Enable &

/ Command start \

Last data CPSM Disable
or No response = _
ecelve
CPSM Disable or
Timeout

|

Response received

< CPSM Disable

\ Response
started
Wait for response \/

Lys
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Supported commands

Compatible with any card

Command content:
Command and address information or parameter

Transmitter bit:
1’ = host command

Start bit: End bit:
Always 0’ Always ‘1’
\ \/_/

—

CMD_Index Argument

Lys
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Supported responses

Compatible with short and long response types

Short response (total length = 48 bits)
Example :R1

6-bit 32-bit 6-bit 7-bit
CMD_Index Command CRC 1 111111b 111111b
status Reserved

/‘ Example: R3
Mirrored command

Long response (total length = 136 bits)
6-bit 120-bit

111111b CID or CSD register

Reserved

R2 response

Lys
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SDMMC command processing

CPSM meets standard timing constraints

- Host driving the bus
- Device driving the bus

Response Command

Receive

Device ' Host

Lys
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SDMMC command processing

CPSM meets standard timing constraints

- Host driving the bus
- Device driving the bus

Command

Lys
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SDMMC command processing

CPSM meets standard timing constraints

- Host driving the bus
- Device driving the bus

SDMMC_CK Command Response Command

CPSM state

Lys
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SDMMC command processing

CPSM meets standard timing constraints

- Host driving the bus
- Device driving the bus

SDMMC_CK Command Response Command

CPSM state Receive

Lys
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Data path
SDMMC_Din[7:0]

STM32F7-Security-Advanced Encryption Status : Data
Control logic :
Standard HW Accelerator (AES) flag timer
1

Transmit SDMMC _Dout[7:0]
e 3
—

Shift
reqgister

Receive _ |

/

Data path

Lys
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Data packet format

Supported data bus widths
S o SR U oo VO cReis

st byte B7 | B6 | BS | B4| B3 | B2 | B1 | BO

1-bit mode

S - - B
o IR > -
. o o R > o
o o S EIE >

<71 4-bit mode
life.. ’éd

SD/SDIO MMC card host interface (SDMMC) 110

4" byte

oy}
~

DAT3

vy}
(o))

DAT2

DAT1

oy}
ol

o
N

DATO




Data packet format

Supported data bus widths

o |
e |+
e e | = e

o |l = E R
3 byte DAT3 . B3 - B3

4th pyte DAT2 . B2 - B2
DAT1 . B1 - 51
DATO . BO -m =0

8-bit mode

SD/SDIO MMC card host interface (SDMMC) 111



Data path state machine

States and transition conditions

DPSM disabled

Disabled or FIFO underrun or Disabled

end of data or CRC falil . DP‘.Q"M enabled and Read
or CRC falil Wait started and SD |/O
or timeout mode enabled

Enable and not send

Disabled or
Disabled or Rx FIFO X Read Wait stop
end of data empty or
timeout or
Enable start bit error
and send Data received and
End of packet End of packet or Read Wait started and
: end of data or SD 1/0O mode enabled
Start bit FIFO overrun
Disabled or CRC fall Receive

Data ready

’, 112
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Data buffer and access type

Data FIFO

» 32-word deep FIFO data buffer memory mapped for CPU burst access

(LDM/STM instruction):
» Offset from 0x80 to OXFC

Data path

l

32-bitwide N

To/from AlzB bus

A\ 4

| 32-word

deep

Transmit FIFO
status flags

Data_path
>

"I SD/SDIO MMC CARD HOST INTERFACE (SDMMC)

life.augmented
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Hardware flow control

Useful when FIFO accesses are delayed

Data send
SDMMC_CK e o |_| |_| |_|

Data FIFO

The SDMMC_CK clock is
Count =2 Risk of underrun stretched and the DPSM is
frozen (in Send state) when
the FIFO threshold of two data
words is reached.
SDMMC_Dout[7:0]
>
™ Valid FIFO data #@» HW flow control logic
L Invalid FIFO data T Data out to DPSM
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Hardware flow control

Useful when FIFO accesses are delayed

Data receive

DMMC CK — — — 1 1
L
unit

Data FIFO A\
. The SDMMC_CK clock is
O U stretched and the DPSM is
frozen (in receive state) while
the FIFO is full.

_ SDMMC_Din[7:0]
<€
path

@ Hw flow control logic
T Data out to RAM

Count =30 -

M Valid FIFO data
B |nvalid FIFO data

Lys

life.augmented 115



SDIO Read Walit

* The SDMMC host supports two Read Walit modes:
» Stopping the SDMMC_CK
» Using SDMMC D2

SDMMC_D2 Data Data
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SDIO Suspend/Resume

The host determines which function is
using the data lines

Requests a transaction suspend

Waits for transaction suspension

Starts the higher priority transaction
and waits for completion

Restores the suspended transaction

Lys
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SDIO interrupts

External
SDMMC_CK N event
SDMMC_CMD
< >
SDMMC SDIO
host < DAT card

Internal

event
SDMMC_D1/IRQ

Lys
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Interrupts and DMA

Interrupt event Description
CCRCFAIL Command response received but CRC check failed
CTIMEOUT Command response timeout after timeout period of 64 SDMMC_CK cycles
CMDSENT Command sent and no response required
CMDREND Command response received and CRC check passed
CMDACT Command transfer in progress (CPSM active)

Lys
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Interrupts and DMA

Interrupt event Description
DCRCFAIL Data block sent/received and CRC check failed
DTIMEOUT Data timeout - programmed timeout period elapsed
TXUNDERR Transmit FIFO underrun error
RXOVERR Receive FIFO overrun error
DBCKEND Data block sent/received and CRC check passed
TXACT Data transmit in progress (DPSM active)

RXACT Data receive in progress (DPSM active)

Lys
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Interrupts and DMA

TXFIFOHE Transmit FIFO half empty. At least 8 words can be written into the FIFO
RXFIFOHF Receive FIFO half full. There are at least 8 words in the FIFO
TXFIFOF Transmit FIFO full

RXFIFOF Receive FIFO full

TXFIFOE Transmit FIFO empty

RXFIFOE Receive FIFO empty

TXDAVL Data available in transmit FIFO

RXDAVL Data available in receive FIFO

‘W DMA requests available on data Transmit and Receive transfers.
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Low-power modes

Description
Run Active.
Sleep Active. Peripheral interrupts cause the device to exit Sleep mode.
Stop Frozen. The content of peripheral registers is kepit.
Standby Powered-down. The peripheral must be reinitialized after exiting Standby mode.

Lys
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Performance

* Theoretical communication speed limit is up to 50 MHz

* Real speed depends on
« SDMMC bus capacity load (card capacitance plus PCB track capacitance)
» GPIO configuration, Vy level and ambient temperature
» Software capability to maintain data flow with given SDMMC bus width

Lys
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Application examples

* Interface with SD memory cards (including SD High capacity and eXtended
capacity)

* Interface with SD I/O devices (Wi-Fi, Bluetooth modules, camera modules

* Interface with MMC and eMMC memory cards

MEMORY CARD

1285 &

Bl T
€3 Bluetooth HIGH SPEED 45WVB/S

124



Related peripherals

 This is a list of peripherals related to the SDMMC controller. Please refer to these peripheral
trainings for more information if needed.
» Reset and clock control (RCC)
* Interrupts
» Direct memory access controller (DMA)
» General-purpose inputs/outputs (GPIO)

Lys
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Chrom-ART Accelerator
(DMA2D)

life.a



AHB
Slave

=)

AHB
Master

=)

Control/Status
Registers

Foreground

FIFO PFC

Background

FIFO PFC

Output

FIFO

Overview

* Provides hardware acceleration for graphical
operations

» Graphics-oriented 2D DMA
» Planes blending & pixel format conversion
» Specific modes for anti-aliased fonts

Blender

Application benefits
Offloads CPU for graphical operations

One pixel per cycle calculation

Integrated pixel format converter & blender

For category 1 devices only Simple integration through graphical stack

Lys
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Key features

- 2D DMA with graphical-oriented features with 4 operating modes

* Register-to-memory

* Memory-to-memory

* Memory-to-memory with pixel format conversion

* Memory-to-memory with pixel format conversion and blending

» User programmable parameters
» Sources and destination addresses on the whole memory
» Sources and destination size and offset

» Source and destination color format
* Up to 11 color formats supported from 4 up to 32 bits per pixel with indirect or direct color coding
 Internal memories for CLUT storage in indirect color mode with automatic loading
» Alpha value can be modified (source value, fixed value or modulated value)

’, 129
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Register to memory

Filling a part or the whole of a destination image with a specific color

Control/Status RGB color

Registers

Foreground

Register

FIFO PFC

Blender

Background

FIFO PFC

Output

FIFO
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Memory-to-memory

Copying a part or whole source image into a part or whole destination image

Control/Status

Registers
Memory area to
copy
} f E Foreground
oo 20 FIFO PFC

® 00t

o @ \<'1
@ e

Blender

Background

Filled rectangle
FIFO PFC

Copied image Output

FIFO

Lys
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Memory-to-memory
with pixel format conversion

Copying a part or whole source image into a part or whole destination image with a pixel format

conversion

Chrom-ART ARGB1555 ARGB8888

Control/Status
Registers 4 3210432

4321043 2
1111111

Memory area to

Blender

life.augmented
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Memory-to-memory
with pixel format conversion and blending

Copying a part or whole source image into a part or whole destination image with a pixel format

conversion

Foreground image Chrom-ART

Foreground image

Filled rectangle




Input pixel format conversion

Independently supports different input color depths

(" ARGB1555 ) " ArcBesss )  Direct mode
« ARGB8888, ARGB444444 or ARGB1555
43210432 « RGB888 or RGB565 (with alpha in register)
4354 0al35 » Alpha can be replaced or modulated

ARGB8888

* Indirect mode
] * L8 or L4 and a Color Look-up Table (CLUT)
- A8 or A4 and a color register (for fonts)

*’ Register ] ARGBB888] - Mixed AL88 or AL44
k »l

* Internal operations are done in ARGB8888

Lys
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Font special modes

Efficient support for anti aliased bitmap fonts

 Using A8 or A4 coding
* Only the Alpha channel is stored in the memory
 The Chrom-ART accelerator adds a programmed color

Aliased Anti-aliased

Lys
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Output pixel format conversion

* Direct mode
- ARGB8888, ARGB444444 or ARGB1555
- RGB888 or RGB565

* Memory-to-memory without Pixel Format Conversion (PFC) is agnostic of the pixel format

/ ARGB8888 \ ( RGB565 \

6543210

76543210
76543210
76 543210

~

76 5432

Lys
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Blending

Fully hardware blending process

- Hardware Blending
» Blend Foreground & Background pixels

Not blended Blended

1 pixel generated per cycle
Native ARGB8888 operation

Input data are converted into ARGB8888 by their
respective PFC

Output data has also its own PFC

Lys
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Output configuration

Output configuration defines the area of work & output color coding

* Area of work

Original _ Working Width . M/
Address 1 Working e Width
! Address ! ' . Height

/

-
« Output configuration
g, Temperature e Address
%I 21°C ot Working . LineOffset
— . . Height
] Humidity .
% o Color Format (BPP)
o
Y
A ———— >
I Original_Width I

Working_Address = Original_Address + (X + Original_Width *Y) * BPP
LineOffset = Original _Width — Working_Width
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FG & BG configuration

FG & BG configuration define address and color coding

» Foreground parameters - Background parameters
» Address » Address (as per output)
» LineOffset (as per output)  LineOffset (as per output)
» Color format Address » Color format
\ Working Width
N> >

Working
Height

Color format

‘W Most of the time, background and output have the same parameters
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Interrupts

Error of configuration detected when starting the Chrom-ART (not allowed

Configuration error . :
or wrong configuration)

CLUT copy from a system memory area to the internal Chrom-ART

CLUT transfer complete :
memory is complete

CPU accesses the CLUT while the CLUT is being automatically copied

CLUT access error from a system memory to the internal Chrom-ART memory

Transfer watermark Indicates the last pixel of the watermarked line has been transferred
Transfer complete Chrom-ART transfer operation is complete
Transfer error An error occurred during Chrom-ART transfer

Lys
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Low-power modes

Run Active.

Sleep Active. Peripheral interrupts cause the device to exit Sleep mode.

Stop Frozen. Peripheral registers content is kept.

Standby Powered-down. The peripheral must be reinitialized after exiting Standby mode.

Lys
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Application examples

- Home appliances including connectivity and HMI:

BT Module Display
12¢ Touch Panel
Serial Flash QuadSPl
- Chrom-ART can handle HMLhuilding [ ARSI
N Buttons
« Composition of the scene WIth transparency an(
« Text management SDRAM VR | CNrom-ART SR IE, Motor

Lys
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Typical data flow

Chrom-ART D
Accelerator ontrolle

/L [\ 1
[

internal
SRAM

Internal
Flash

—> Creation of an object in a memory device by the Chrom-ART
—> Update/Creation of the frame buffer in the external RAM by the Chrom-ART

=—> TFT controller data flow

Lys
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Integration with Graphic Library

Application Application

STemWin/EmbedW,izard/ STemWin/EmbedW,izard/
TouchGFX TouchGFX

STM32 Chrom-ART STM32

Chrom-ART integration is

The low-level drivers of the graphical stack are upgraded to directly use

Chrom-ART for data transfer, pixel format conversion and blending
and

Lys
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Registers /
Control

AHB

Output
FIFO

Lys
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JPEG
codec
kernel

Overview

* Provides hardware acceleration for JPEG encoding and
decoding
* Encoding and decoding support
» Header parsing and generation
* Fully programmable JPEG tables

Application benefits
Fully hardware JPEG codec

Fast encoding/decoding (one data pixel per cycle)

Simple integration without CPU load
Can be used for M-JPEG video playback




* Main functions
8 bits per channel for pixel depth
* Encode/decode support (not simultaneous)
» Single clock per pixel data encoding and decoding
» Support for JPEG header generation and parsing

* Flexible IP

» Up to four programmable quantization tables
* Fully programmable Huffman tables (two AC and two DC)
* Fully programmable minimum coded unit (MCU)

Lys

Key features
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Operating modes

Hardware decoding and encoding to reduce CPU load

» Decoding

» Optional parsing of header with automatic update of the codec registers and tables

« Supports all markers relevant to the JPEG baseline algorithm (Annex B of ISO/IEC 10918-1)
« All the tables (quantization and Huffman) stored in the internal JPEG Codec RAM

» 32-byte input FIFO with data request through interrupt or DMA
» 32-byte output FIFO with data request through interrupt or DMA

* Encoding
» Automatic header generation according to the codec registers and tables
« 32-byte input FIFO with data request through interrupt or DMA
« 32-byte output FIFO with data request through interrupt or DMA

Lys
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Fully hardware decoding process

Decoding process

I EEEEE)  01001110011110001000 )

Entropy Decoder

Huffman
decoder

RLE
(AC)

Update
tables Huffman
& table
registers

Up to 4 (Y & C * DC & AC)

Lys
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ADPCM
(DC) »

Tables stored
in internal
codec RAM

JPEG codec

‘ =

Reordering De
(ZigZag) quantization

Quantization
table

Up to 2 (for Y & C)



Encoding process

Fully hardware encoding process

RYAN
N

‘ 01001110011110001000 — I

T

JPEG codec

Entropy encoder

(DC) Huffman Header

generation

Reordering
(ZigZag)

RLE encoder
(AC)

Tables
Quantization Tables stored Huffman &
table in internal table Registers
codec RAM
Up to 2 (for Y & C) Upto 4 (Y & C*DC & AC)

Lys
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Interrupt event

Interrupts and DMA

Description

Input FIFO threshold

Input FIFO threshold reached

Input FIFO not full

Input FIFO not full, at least a 32-bit value can be written

Output FIFO threshold

Output FIFO threshold reached

Output FIFO not empty

Output FIFO not empty, at least a 32-bit value can be read out

End of conversion

JPEG processing finished

Header parsing done

End of the header parsing

Lys
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Low-power modes

Description
Run Active.
Sleep Active. Peripheral interrupts cause the device to exit Sleep mode.
Stop Frozen. Peripheral registers content is kept.
Standby Powered-down. The peripheral must be reinitialized after exiting Standby mode.
Lys
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- Home appliance including connectivity and HMI:

BT Module

Serial Flash QuadSPI

STM32F7

Buttons

« JPEG codec can decompress
« JPEG images for HMI
« M-JPEG video for tutorial playback

Application examples

Touch Panel

Audio Codec
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