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Chrom ART

Display Parallel IF
320 KB RAM
FSMC
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M4@ 120 MHz
Chrom-ART
Chrom-GRC

DSl

Display parallel IF
G40 KB RAM
FSMC

QsP

M4 @ 180MHz
Chrom-ART

TFT ctrl

Display parallel IF
256 KB RAM

FMC

M4 @ 180MHz
Chrom-ART

DSI & TFT cirl
Display parallel IF
384 KB RAM

FMC

QsPI

M7@ 216 MHz
Chrom-ART

TFT Cirl

Display parallel IF
320 KB RAM
FMC

Q5P

M7@ 216 MHz
Chrom-ART
JPEG Codec

DSI & TFT cirl

Display parallel IF
512 KB RAM
FMC

QsPI

M7@ 400 MHz
Chrom-ART
JPEG Codec

TFT cirl

Display parallel IF
1M RAM
FMC
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STM32 GUI Solution

: .
([ e I A

Lvl | =

Middleware

s

LRt

me_ok Hardware Platform




Zoom In
STM32 GUI Solutmems
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System architecture challenges

Graphical acceleration offloads the CPU enabling quality
GUI AND high performance applications

For enhanced GUIs, Memory bandwidth is key. For low-
mid resolutions SRAM can be used and so internal
buses must support high bandwidth. For High resolution,
a high performance external memory interface is a must

Display controller needs large enough
FIFO to overcome potential real time issue
S (data is not ready for displaying ontime)

N
v \
! |corTEX-M4| LCD-TFT |[Chrom-ART \ High speed IOs are needed to support
|| 180MHz controller|faccelerator|  STM32FAX9 1 high frequency clocks imposed by the
! SRR H display panel
1 1
L §ig :
: o : ; A=
. .o ,,I "// ."'-_".III -
1 Seee : 4 | A
1 . . 1
1 . . . __|__ .
L ' Flash "N Graphical & Aoplicat
kN AN library pplication
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ChromArt
Example
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KYI ChromART™ efficiently offload CPU from graphic tasks



From ones and zeros to image display

The frame buffer is build by composing graphical primitive
This operationis done by the running a graphical
library software
It can be by a used with
Frame rate the CPU through the graphical library
WO More often the frame buffer can be updated, more fluent
will be the animations (frames per second/ fps)

-,

dedicated hardware interface
Graphical oriented microcontroller are offering a

(60 Hz)
L)
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)

> /4

life.augmented

Reiresh rate l The frame bufferis transferred to the display through a




Single Chip MCU mmm

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

Bus Matrix

—

Costsaving +

External
Memory
Controller

Graphic Acceleration

Internal Internal
Flash SRAM

<71 STM32F4x9
> L4

life.augmented



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

Bus Matrix

Unique Graphical Capability

and
Flexible architecture

External
Memory
Controller

Internal Internal
Flash SRAM

SDRAM

life.augmented



Using STM32F4x7/4X9
internal RAM (192K) for
small resolutions

Image Building process

BUFFER SIZES
(Kbytes) N

7,8 9,4 15,8 37,5 46,9 58,6 96,0
15,6 18,8 31,6 75,0 93,8 117,2 192,0
bpp ¥ 31,3 37,5 63,3 150,0 187,5 234,4 384,0
62,5 75,0 126,6 300,0 375,0 468,8 768,0
125,0 150,0 253,1 600,0 750,0 937,5 1536,0
187,5 225,0 379,7 900,0 1125,0 1406,3 2304,0
250,0 300,0 506,3 1200,0 1500,0 1875,0 3072,0

—= 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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STM32F7x9 &4

Chrom-ART

Accelerator JFZ/MIIIPI
(DMA2D) ontroller
Bus Matrix

Internal
Flash

Internal
SRAM

External
Memory
Controller

External
memory

TFT controller allows the interfacing
Chrome-ART (DMAZ2D) provides a

for operations like rectangle filling, rectangle

DMA2D

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

DMA2D

for the equivalent operation




STM32F7x9 Block Diagram

* Fully compatible with F4x -

.
Encryption
* Upto 216MHz with over-drive modg oMB Flash Camera Interface

Memory Dual
- Dual Bank 2 x 1MB Flash gl Use200TGFs |
*« 512KB SRAM 512KB SRAM
* FMC with SDRAM + Support and External Memory
32-bitdata Power Supply

Reg 1.2V
* Audio PLL + Serial Audio I/F

POR/PDR/PVD

1x Systic Timer USB 2.0 OTG HS 32KHz + 8~25MHz

« LCD-TFT Controller

Int. RC oscillators
Ethernet MAC 32KHz + 16MHz

10/100, |EEE1588

PLL
Clock Control

RTC/AWU

« LCD-DSI Controller

* Chrom— ART Accelerator

+ Hash: supporting SHA-2 and GCM | || Z0EEEL ) o "
— 4KB backup RAM
- More serial com and more fast 2x6x 16-bit PWM 23 eIl .
: . Synchronized AC Timer —— 2x DAC + 2 Timers
timers running at Fcpu 2x Watchdog

(independent & window)

<= 1x SDIO 2x CAN 2.0B

3x 12-bit ADC 2x SPI/12S
24 channels/2Msps

3x 16bit Timer

* 100 pins to 208 pins Up to 16 Ext, ITs

(max 90MHz)

ét

t
|

1.Z2\4L3 .6\ Sunnlhy

New IPs/Features/more IPs
instances

6x USART/LIN

Temp Sensor l ll 3x 1°C

Lys
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STM32 GUI -




Cortex-M DMA

Type A or B: up to 22 wires (20 MHz max.)
* Up to 16 data wires

" Up to 6 control wires

L

- / \
Flaﬂ‘ﬂﬂh‘l M

Ly,

life.augmented

Type C: up to 6 wires (20 MHz max.)

" 1 or 2 data wires

" Up to 4 control wires

CDHEX-M\ ‘ DMA \
|

)

Ctrl
) r
— > /4
GRAM life.augmented
e S

Lys
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DBI

»

» DBI-FMC/ESMC

STM32F42xx Technical Training  25/06/2018
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Serial I/F

SPI

DBl




STM32 SPI Interfacing Example

SPI can be used for serial interfacing

« SPI is the serial way of being interfaced with a display having a controller and a GRAM.
+ Data organization (8/9/16/18-bit) may differ from a display to another.

CN14
[Lcpcs L= s D1 2
—2 s D2
[Lcb cik ECIO WE/SCL PD3 5
—i % D4
[ RESET# RESET FD5 7
D6 3
PD7 3
D8
=" 14
n EDINTTS
;3 BL_GND PD11 16
+5\'i 5 BLCommol  PDI12 ==
+3v3|-4—221 vDD D13 L
|I LZ ] va D14 12
| | GND PD15
d I_s_ GND PDI6 27
5V BL_VDD PD17
({1¢Dbpo EClL R — 2 spo To IO expandor
[Icoot ECL 270, 0 | sor xr 2L T x
® TouchScreen -
¥ TouchScreen, Y-
YU TouchScreen ¥+
T3 LCD_connector (MB785 with AM.240320D4TOQW-TOOH(R))
oN15
E5)
scL
SDI
—H s
"
T spo
RESET
+3v3} 2 vpp
L] e
1
L=
3
v}
g e
d BL_GND
Ill L 15 | 5 enn
T4 LCD comnector (MBS542 with AM240320LSTNQW 00H)

From STM3210C Evaluation Board — MB784
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8080 I/F

FSMC/FMC

DBl




Display with Controller and GRAM

Oneshot command to writethe GRAM are sent by the MCU

MCU Continuous TFT FPC
A
One shot q q
- Display Timing
for image Controller .l Controller
Moto 6800 \/
Intel 8080 g?"'z _
Pl reamingfj == - mmmmmmm e
S A Bandwidth
Command (GRAM) :
Base I
Protocols '
i TFT / OLED
Continuously refreshed
i from the GRAM @ 60Hz
I ------------------------------- 1
I N N N N > |
PWM Timer I > Backlight L1 1 L1 L1 |
High-Voltage I | ~oneter :
|y S — only for TET,

STM32 F(S)MC support Motorola 6800 and Intel 8080 : Reference: Application Note AN2790

Lys
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STM32 FSMC I/F Connection

FSMC can be used for parallel interfacing (Intel or Motorola)

* Interfacing using intel 8080 mode
« D/CX is done thanks to an address line
* \WR and \RD done by NWE and NOE respectively

BT D0, 15]
L2
JeNit
: PGIO 7S, 150 1 [ == 6 RS2, 150 DO
(BRESHACNE £ WS EC [T WS
: DS 16 1503 | &8 2 8 RI6S 150 D2
e EEEE D1 Ri6T, 1504 ] po ok Ty [0 Rioyw 150 D3
RESETZ _ 2 | RESET PDs (—0 RI6p, 150 D4
Bk D [ Rigy 150 D5 N
oy [2_Rigfw 150 Do
Ty B RIGYT50 DTN
14 RI70, 150 D8
il 15 -] . TN T3R50 D0
o 3] BLGD - POl e R 150 D10
Vil 21 ShCentel - FOLY 7RIV T50 DI
| M= v o3 (I8 R\ T50 DD
. = &b oI Mo t]%'_' EIRIES
€153 ==c148 |I 7] & 30 RIS 150 DI
1 _R6T, 0 = 100aF*]_10uF 3] &P PDIS —T—Ri7" 150 D&
SVEZ 3 BL VDD PDI7 ;
+3V3 b BEAD 551 SDO oy
—— sSDI X 53
XR XY TouchScreen X+
YD
YU 51 TouchSereen Y+ OO crpandag
337LCD connector (MB785 with AM-240320D4TOQW-TOOH(R))

From STM32 20-21-45-46 G Evaluation Board — MB786



Sequence Example

* Sequence example
» Write & Read sequence for Type B
» Timing define

o~ O\ X A
RESX
RESX
8 DICX
g oo T\ / N § _ N
= wRx N\ A\ A N E WRX A N
ROX N RDX A A ]
" —Cammand)Dela ] \_ e O (o) Detekd )<
. {_ q;q_q&m_u ________ >__<_DE;E __________ >_Z - _‘ § { mﬁﬁﬁma iz |
; T D504, DB0] or H-Z —_ o Hi-Z
= { D{15:0), D8] or Hi-Z E{ o) D] ) — Detalvalid)
%1 O o

Figure 20 Type B Interface Read Sequence
Figure 19 Type B Interface Write Sequence

Lys
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Figure 459. ModeA write access waveforms

Memory transaction

S i ! . ; X
: } I tye Ly
NBL[3:0] * : % - \ /
| | ! ow Cow
‘e _\ | I,— | PW, . PW PWypy PWop
NOE 'Ip‘ : Lygs e f Livge tevews loven
NWE : i - - [ - -
; : | WS o, GRS SR S/
l I | ! 1
D[31:0] ] Y {  data driven by FSMC | >7 o -
/ M\ 2d Da 7
ADDSET : (DATAST + 1) REQUD"”B&] ////////////////////X i:}: Valid Data QZHX///////////
HCLK cycles - HCLK cycles >
» With CPU running at 168MHz term Symbol Unit Min. Typ. Mex.
+ (DATAST + 1)*HCLK > 50ns e CC Wit oW s 100
e DATAST =8 (74) ?il::ecyde Read tCYCR  ns 300
° (ADDSET + DATAST + 1)*HCLK > 100nS Write low -level pulse w idth PWW ns 50
Write high-level pulse width PWHW ns 50
* ADDSET =38 (78) Read low -level pulse width PWLR  ns 150
 Verify NWE high period more than tH (10ns) Read high-level pulse width ~ PWHR ns 150 - -
= Write / Read rise / fall time tWRIAWRf  ns - - 25
e T ————— T
0 0 : ] ] : : ' Read (RS to nCS, RW/nRD ) e 5 - -
J ; ; ; ; ; ; ; Address hold time tAH ns
! . . . . . . Write data set up time tbsw  nps 10
i i : 0 : : : . Write data hold time tH ns 15
" ’ m Read data delay time tDDR ps - - 100
- cnmenes SR L R S 1. Read data hold ime o s
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LCD-TFT architecture

LCD_CLK

LCD_HSYNC

AHB Interface

LCD_VSYNC

LCD DE

|

J
]
o -

LCD R[7:0]

1

LCD G[7:0]
LCD B[7:0]

Timings
Generation

APB Interface

|
{(

onfiguration and
status registers

Lys
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LTDCH| JHIEz

Figure 12. LTDC signal interface

:. :.

- Ll HSYNC . .

™ - >

. - vsYNC

4 \ . £

e | AY/

. - - |

- =+ <. hfa.ougmente
s "

. 3

MSwa4804V1

Lys
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Figure 34. LCD-TFT connection in the STM32F746G-DISCO board Figure 30. Connecting an RGBEGE display panel
u19 LCD_RT RS
LCD CLK 30 - 5 LCD RO ] LCD_R& R4
TCD HSYNC 3D | CLK R0 =% TCD R LCD_RS R3
————— JISYNC Rl — - -
Timing signals LCD VSYNC33 VSYNC R ] LCD R2 LCD_R4 R2
G I{; 8 LCD R3 LCD_R3 R1
; LCD DE__ 34 | o | I LCD R4 LCD_R2 RO
'||I R4 LCD DISP_ 31 | picp ps |10 LCD RS Len R
T ’ < T LCD_R6 LCD_RO
20 12 LCD R7 LED_GT Gs
R7 LED_GE G4
: LCD BI 2 | " 3 LCD GO LED_G5 G3 F
BaCkllgM = \ \ BL ()U l = 0 f |_|_,|_|_r_:.1 G2 §
control LCD BL K | VBI Gl 14 LCD G - a
2 e LCD G2 Lon a3 a1 =
Gy & LD G |RGB83S oD e ® 3
Touch interru LCD INT 3R X P 17 LCD G4 |_|_,|_|:r_:;_ =
b LCD SCL_ 39 l\:”l f’i 18 LCD G5 E
I20fortouchsensor|: LCD SDA 40 | or =019 LCD G6 LCO_BT BS
DR TCD RST__ 37 | “0A G6 =55 LCD G7 LCO_B6 B4 2
L eset RESET G7 LED_B5 B3
B0 21 LCD BO LCD_B4 Bz
V3 33 LCD BI LGE B3 &1
T Bl == . = Lco_B2 BO
4 e <y B K LCD B2 oo o
_h("w B3 24 LCD B3 LGD:E(I
[‘“ 3 > [25 LCD B4
i 4.7ul — GND B4 = S L LED_CLK cLK
— 20l * 26 LCD B5 LD DE oE
| 000l 33 &l) gl 27 LCD B6 LED HSTHE HSYNG
36 | GND 7 |28 LCD B7 LCD_VSYNC VEYNC
———— O AFNARILCTE 7D
— RK(43FN4RH-CT672B 524

Lys
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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 | onsidered 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.
LCD VSYNC The frame synchronization signal (LCD_WVSYNC) manages vertical scanning and
- acts as a frame update strobe.
LCD DE The DE signal, indicates to the LCD-TFT that the data in the RGE bus is valid and

must be laiched 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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LTDC Timings

Start of HSYNC HBP Active Width HEP
Frame e <
VSYNC 1;
VBP Y
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 g LT the datasheet of the
display. E.g. TFT on
VEP discovirykit/

Paramsters Symbols | Condition | Min. | Typ. | Max. Units
Haorizontal Synchronization Hayne 2 10 16 | DOTCLE
Haorizontal Back Porch HEP 2 20 24 | DOTCLKE
Horizontal Address HAdr - 240 - DOTCLE
Harizontal Front Parch HFP 2 10 16 | DOTCLK
Wertical Synchronization Wayne i 2 4 Line
Wertical Back Porch WEP i 2 - Line
"’ Wertical Addrass Widr - 320 - Line
lite.augmented Wentical Front Porch YFP 3 4 - Line 6/25/2018




LTDCH 7

Figure 14. Fully programmable timings and resolutions Figure 15. LTDC fully programmable display resolution with
Total width up to 4096: TOTALW[11:0] . total width up to 4096 pixels and total height up to 2048 lines
HBP HFP
S+ - Total Width
Frame start P E . Active width N up to 4096 pixels
I -+
«—» = | i ! l ! i I T
I I |
! g ! ! ! ' il
F usyNCwidthd [ = g | | g|
Y 4 § | ntl | | | =Y
2 ver ! Active display area S I EI l | l | E|
3 | R 0ox:, L. [—— N S A (N S .. T ! I ! | 5
s ||| [ p— ) | FTTTTTTTT Lo S 4
b=
; 3 E] | !
g 3 g |
o . I ol |
< Active Height | §| | |
) | - ey | | | b (R | |
'j‘gf’ : 2| | |
: y H s :
S vep | 3l I '
1 v o nnnnnnnn- 1 |\ | L___ &l A §|
2| al
2= VSYNC control signal TZHSYNC control signal - ||| | - §_| —___ =
I
Any display resolution belonging to the maximal total area in 4096 x 2048 as describedin | § ~ ~ ~~ ~~~~~—~~~—~“~ "~~~/ 7/77
Figure 15 1s 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 ]
Total Height
Table 2 i
up to 2048 lines
- 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 MSvadB 0T 1

color depth compatibility with the hardware configuration). 1. Only the aciive displ i< <h i this f
i n & active display area 1s shown in this figure.

Figure 15 shows some custom and standard resolutions belonging to the maximal 4096 x
2048 supported by the LTDC.
ry
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STM32 LTDCZ: %

Table 6. LTDC timing registers

Register Timin rameter Value to be
g gpa programmed
HSW[11:0] |HSYNC width - 1 From 1 to 4096 pixels
LTDC SSCR! : _
WVSH[11:0] VSYNC height - 1 From 1 to 2048 lines
AHBP[11:0] |HSYNC width + HBP - 1 From 1 to 4096 pixels
LTDC BPCR
B AVBP[10:0] |VSYNC height + VBP - 1 From 1 to 2048 lines
AAWT11:0] HSYNC width + HBP + active width - 1 From 1 to 4096 pixels
LTDC AWCR
N AAH[10:0] VSYNC height + BVBP + active height - 1 From 1 to 2048 lines

TOTALW[11:0
LTDC TWCR Nl

HSYNC width + HBP + active width + HFP - 1

From 1 to 4096 pixels

TOTALH[10:0]

WVSYNC height + BVBFP + 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

VSYNC Vertical back ] Vertical front

porch (VBP) == porch (VFP)

1 line
Horizontal back Horizontal front
HSYNC porch (HBP) LCD columns porch (HFP)

1 2 3 4 5 X X X X X dan|

LCD_RGBs

LCD data
enable

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

MEvaaiE 051




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 0x30FF0000
e 000 = trashparent Box filled with color in

ARGB8888 format



Pixel Data Mapping vs Color Format

8 programmable Input color format per layer ]
pp

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

ARBGBEES 7L 32

RGB88S 24

ARGB1555 VeIl Rx+1[ fCGXFI[ P CX+1[2:0]| Bx+1[4:0] W-S{(UM Rx[4:0] |{GX[4:3]|  Gx[2:0] Bx[4:0]
0] 4:0] 48]

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 \ /~  ARGB88Ss N\

PFC

43210432

4 3 2 1 0 4 3 2

4 13 2 1 0 4 312 1 0 4 3 2

= /

/|II
-

Lys
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ARGB8888

PFC - Direct color Mode

RGB888 ARGB4444
ARGB1555
RGB565

l Direct coding




PFC - Indirect color Mode

L8
AL44

A8
Index

/ Color \
LookUp Table
%
R PG B

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.

* 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 _LXxCR reqgister



CLUT- Palletized

* The R, G and B values and their own respective address are
programmed through the LTDC _LxCLUTWR 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, ataddress Ox11....
e L2, ataddress0x22

Indexed 16 — L4 Indexed 256 - L8 RGB888

w (M=o o
MW M=o
N WM =
L=J0 i I PV | 6]
[=T0 =N o | 5 I (]

Ww N = o

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 iconsit 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 ditheringis improving the quality of RGB888

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

Lys
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Demo - Moving layer

LTDC Layer InitStruct.LTDC CFBStartAdress =
(uint32 t)Image + 3 * (offsetH + (offsetV * Image width));

t\

* Bytes per plxel t _ * Vertical scroll
* Horizontal

320
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

L5 '
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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

Layerl 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&

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

100%

Blending — Example 1

0
75% STM32' Releasing your creativity

50% g | ”
25% A p O

0%




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

* Whenthe 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 O.

 Color Keying can be enabled on the fly for each layer in the
LTDC_LXCR regiser

After Effect




MIPI-DSI|4%

Lys
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mipialliance mipi alliance standards

* MIPI : Mobile Industry Processor Interface
» Organization specifying interconnections between ICs within phones

* Founded in 2003 by ARM, Intel, Nokia, Samsung, STMicroelectronics &
Tl

* MIPI is organized in working groups covering all thetopic related to ICs
interconnect

» Analog control interface

Battery interface
Camera

Debug
Display
* PHY

Lys
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mipi-alliance Display Working Group

Standardize existing interface and develop next generation

* Thedisplayworking group is specifying theinterconnection between an IC and a display

* It standardized already existing protocol addressing displays
» SPI, parallel Intel 8080 and Motorola 6800 = DBI
» Display specificcommands = DCS
« Parallel RGB = DPI

- As themobileindustryis driving the demand for display, the MIPI standards arerequired
for the next gen of graphic MCUs

* DSI



mfidi@alliance MIPI| & STM32

STM32 is supporting the mipi alliance protocols

* STM32 with LTDC are also supporting DPI

« All STM32 are supporting DBI Type C (SPI)

« STM32 with F(S)MC are also supporting DBI Type A&B
* All STM32 are supporting DCS (pure software)

* New generation of STM32 is supporting DSI with embedded D-PHY

* STM32F469, STM32F769, STM32L4R9 & STM32L4S9



DSI Introduction

- Target to decrease the number of wires between MCU and displays
« Builds on DPI-2, DBI-2 & DCS

* Able to have bidirectional communication
» Send pixels or commands to the peripheral
» Read back status or pixel information from the peripheral
» Traditional pixel data, commands, events, control signals serializes by DSI

» DSI uses MIPI D-PHY for the physical link

* Provide DSI and CSI (camera serial interface) in the physical definition.
» High speed(HS) & LP(Low Power) Communication.

« 80Mbpsto 1500Mbps/lanein HS (High Speed) mode, fastest PHY to 2.0GHz.
« STM32 supportfrom 31.25MHzto 500MHz
» Low Power speed < 20MHz same as STM32

Lys
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DSI Introduction

- Serialization and deserialization operations are transparent

Application Processor Peripheral
Pixel to Byte Packing Formats
Application Application
Command Generation / Interpretation
Data Control Data Control

aC 8bits aC 8bits

Data Control Packet Based Protocol Data Control

Low Level Protocol ECC and Checksum Generation and Low Level Protocol
Testing

Data Control Data Control

aC 8 bits aC  8bits

Lane Distribution and Merging

Lane Management

jE(Nﬂ)xabits i;(NH)biit

Data Control Start of Packet / End of Packet Data Control
Serializer / Deserializer

Lane Management

o7

PHY Layer Clock Management (DDR) PHY Layer
Electrical Layer (SLVS)
High Speed Unidirectional Clock I

Lane 0 — High Speed Data (optionally Bidirectional in LP Mode)
]

K” Lane N — High Speed Unidirectional Data

life.augmentad
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Figure 2 DSI Layers



DSI Layer

- PHY Layer specifies transmission medium

e SoT, EoT

« Capability to have bidirectional communication Application
Data Control
- Lane Management exchange data between lanes @ ——
« Maximum 4 lanes defined by DSI Data Control
* Protocol Layer specifies sequence and value Low Level Protocol
» Packing Application data into package in bytes Data Control
« Append & stripe package header i? 8 bits

+ PH(Package Header) & PF(Package Footer) describes package attributes like package start,

end, length, ECC, etc Lane Management

* Application Layer 3 CIN+1) x 8 bits
» Describes higher-level encoding & interpretation of data contained in the data stream Data Control
for command or pixel format PHY Layer

» DSI defined Mapping of pixel values & command & Parameters

55
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mf&alliance DSI| Protocol

High Speed and Low Power communication

+ Two communication speed
* High-Speed (HS)
* Need the Clock lane and 1 to 4 data lanes (2 max. on STM32) indifferential mode

*  Maximum speed for fast communication (video mode or GRAM filling in command mode)
* Low-Power (LP)

+ 20MHz maximum over data lane O only (called escape mode)in single ended mode
* Mainly used for display initialization and basic communication not requiring high-speed (data or triggers)
* Ultra-Low-Power-Mode

- Datalane can be
e Unidirectional

 Bi-directional (i.e. Support turnaround & reverse communication)

 HS rewerse data communication
* LP reverse escape mode

Lys
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mipialliance Display with DSI Interface

Supports all possible architecture with on single interface

MCU TFT FPC

Timing
Controller

Display

DSI Controller
Device

Frame
Buffer
(GRAM)
e

-----J A 4

TFT /OLED
Continuously refreshed
from the GRAM @ 60Hz

l -------------------------------
N N N N >
pwM Timer | :: Backlight L1 L1 L1 L1
High-Voltage I Controller

S N N NN NN NN NS NN NN NN NN NN NN BN BN BN BN BN BN BN BN S B S R 9 Wﬂ LTET‘

Lys
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DSI in STM32




STM32 DSI Key features

* 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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DSI Host
LTDC N
LTDC Ctrl FIFO v
RGB ——
Interface LTDC
Pixel FIFO [V
D-PHY
Packet PPI
APB to i Interface Km——{ D-PHY
Generic | Generic FIFO =y Handler | oo n )
Video Mode
Pattern  |—>
Generator
APB {—=> Register Bank — Error Management
MS35899V1

Lys
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Operating modes

* 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 Grgphics
RAM (as previously done through SPI or FMC)

* Most efficient way to manage Graphics RAM updates

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 Ghit/s/ 24 bpp = 41.5 MHz in 24 bpp

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

» Fora 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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STM32F769 MIPI-DSI schematic
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STM32 GUI -}

1%

(DBI/DPI/DSI)




Chrom-ART Accelerator
(DMAZ2D)

life.a



ChromArt
Example

o>
g

o-f-2--

2
<
s [ Z
e
{=
©)

KYI ChromART™ efficiently offload CPU from graphic tasks



AHB
Slave

=)

AHB
Master

=)

Control/Status
Registers

Foreground

FIFO PFC

Background

FIFO PFC

Overview

* Provides hardware accelerationfor 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
« Upto 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)

Lys 75
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Register to memory

Filling a part or thewhole of a destination image with aspecific color

Control/Status RGB color

Registers

Foreground .
Register

FIFO PFC

Blender

Background

FIFO PFC

Filled area

Lys
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Memory-to-memory

Copying a part or wholesourceimage into a part or wholedestination image

Control/Status
Registers

Memory areato
copy
e Foreground

FIFO PFC

Blender

Background

FIFO PFC

Copied image Output

FIFO

Lys
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Memory-to-memory
with pixel format conversion

Copying a part or wholesourceimage into a part or wholedestination image with a pixel format

conversion

Chrom-ART ARGB1555 ARGBS8888

Control/Status
Registers 4 3210432
Memory areato

E 432104832

1111111

Blender
Filledrectangle ~  FT S =====

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

Copying a part or wholesourceimage into a part or wholedestination image with a pixel format

conversion

Foregroundimage Chrom-ART

Control/Status CLUT
Registers RAMs
|

Foregroundimage

r ——————— I

Blender

Filled rectangle

augmented 79



Input pixel format conversion

Independently supports differentinput color depths

(" ARGB1555 ) " ArcBssss )  Direct mode
« ARGB8888, ARGB444444 or ARGB1555
43210432 « RGB888 or RGB565 (with alpha in register)
al35 1 0laz s « Alpha can be replaced or modulated

1111111

>

* Indirect mode

ARGB8888
« L8 or L4 and a Color Look-up Table (CLUT)
- A8 or A4 and a color register (for fonts)
Register ARGBS888] * Mixed AL88 or AL44
\

* Internal operations are done in ARGB8888

life.augmented 80



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

4 RGB565 )

65 43 210
76543210
/76543210 76 5432
76 543210

/

Lys
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Blending

- 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

life.augmented

83



Output configuration mmm

Output configuration defines the area of work & outputcolor coding

» Area of work

Original _ Working Width . \MSi
Address ! Working s Width
' Address ' ! » Height
\l I I
| | 1
o 1_ " "
"  Output configuration
S Temperatue |/ « Address
Q 0 ‘ e , _
5 “c b ® yors Working * LineOffset
I idi i Height
@© Humidity .
£l Color Format (BPP)
O
----Y

: Original_Width :

Working_Address = Original _Address + (X + Original_Width *Y) * BPP
LineOffset = Original_Width — Working_Width

life.augmented



FG & BG configuration

FG & BG configuration defineaddress 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
< >
A
Working
Height

\4

Color format

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

life.augmented 85



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 appliancesincluding connectivity and HMI:

BT Module Display
Touch Panel
Serial Flash QuadSP
1A STM32F7 12S '
« Chrom-ART can handledMLbuilding | Audio Codec
Buttons

» Composition of the scene WIth transparency an(

FMC Chrom-ART

* Text management SDRAM Motor

Lys
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Typical data flow mmm

Chrom-ART D
Accelerator 0 olle

AR

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

=P TFT controller data flow

Lys
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Integration with Graphic Library s

Application Application

STemWIin/EmbedWizard/ STemWIin/EmbedWizard/
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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STM32L4+ - Chrom-GRC

Graphic MMU

Revision 1.0

‘ ', life.augmented




Graphic MMU

AHB

Slave Status
‘ Reglsters
Control
AHB Reglsters
Master
LookUp
Table

Overview

* The Graphic MMU is a graphical oriented
Memory Management Unit aimed to
optimize memory usage according to the
display shape (ex. round display).

Application benefits




16 Bytes block

Functional overview

192/256 blocks (3072/4096 bytes)

T

Line N first visible block

Virtual Frame
Buffer

1024 lines

Line N lat visiblfe b'!ock

Physical

Memory



Functional overview

192/256 blocks (3072/4096 bytes)

< >
16 Bytes block = I O T T T
---------------- _ Virtual Frame
£ Buffer
<
Line N+ first visible block ] .:::::::::. — e
--------------- v

I S—

m Physical

Memory



Functional overview s

192/256 blocks (3072/4096 bytes)

16 Bytes block

Line N first visible block

Virtual Frame
Buffer

1024 lines

Line N+1 first visible block AT Line N+1 last visible block

Physical

< » Memory

r Continuous memory locations
S / 4
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Chrom-GRC (GFXMMU)

» Graphic Ressources Cutter for non square displays

* No modification nor special managementat SW level
. =>Saving up to 20% of RAM needs

* For 360x360 round display
 @16bpp ~205kBytes (vs.253kBytes)
 @24bpp ~307kBytes (vs.380kBytes)

W

\ q

)
NN

* For 400x400 round display
 @16bpp: 250kBytes (vs.312kBytes)

)
N Saved Memory . @24bpp: 372kBytes (vs.469kBytes)

life.augmented
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Display shape description s

* The shape of a display is described in a Look-Up Table
 This description is common for the 4 virtual frame buffers

* For each line, the LUT entry content s
* Enable
* First visible block
* Last visible block
 Line offset in the physical memory

- Each virtual buffer has its own base address in the physical memory



» Two operating modes

Operating modesS mmm

» 192 Block Mode: each frame buffer line is composed of 192 blocks or 16 bytes

» 256 Block Mode: each frame buffer line is composed of 256 blocks or 16 bytes

* Line size in pixel of the framebuffers

192 BM

1536 pixels/line

1024 pixels/line

768 pixels/line

192 Blo

Lys
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256 BM

1536 = 192 block * 16byte / 2 byte
1024 = 192 block * 16byte / 3 byte

2048 pixels/line

1365,3 pixels/line

1024 pixels/line

dll iriteger nurmoper or pixels 1 240pp mode



Gain

- The gain in size on the graphical frame buffer on round display is ~20% depending on the

number of bit per pixels

» Example for the 390x390 round display of the STM32L4+ kit

Lys

life.augmented

Mode Square size ClO-CIRE Sizereduction
optimized size

16bpp 297,1 KBytes 238,3 KBytes -19,8 %
24bpp 445,6 KBytes 355,5 KBytes -20,2 %
32bpp 594,1 KBytes 471,0 KBytes -20,7 %

Note: SRAM3 384KByte



 Embedded applications with connectivity an

BT Module

Serial Flash STM32L4+

SUionE GFXMMU

DSI

Application examples

d graphics:

Display

Touch Panel

Audio Codec

* The Graphic MMU optimizes internal RAM usage for graphic applications

* No need for external SRAM/SDRAM
- Faster graphical operations on internal RAM (0-WS)



ST Preferred Topology

 Applications including connectivity and user interface:

» 390 x 390/ 24 bpp display with embedded GRAM
« Thanksto Chrom-GRC to use less RAM for round display

* QSPI to store graphical primitives
PCOF

» Heavy use of Chrom-ART

AMOLED
QuadSPI Flash OctoSPI 390x390

(128 MBytes) QuadSP| QuadSPI @24bpp

Internal
SRAM

Lys
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STM32 F7

For more information please kindly visit
www.st.com/stm32
WWW.Stmcu.com.cn

WWW.Stmcu.org

Thaass !



http://www.st.com/stm32
http://www.stmcu.com.cn/
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