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- Moved hi.MX25 GPIOs#H chapter from
- Changed LC_* unconnected pin recommendation (see 2.2)
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- Add dual channel LVDS pixel mapping éee 3.7.3)
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- Adjust Ethernet Layout GND planes at igure 30
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1 Introduction

This document serves as a guide for the design of a DHCOMmainboard. It includes example circuits for external

connected components to a DHCOM module. Aso included in this document are layout rules.

Note: Subject to technical modifications; no responsibility is accepted for the accuracy of this information.
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2 What requires attention?

2.1 Compatibility of the DHCOM platform

The DHCOM standard defines functims (such as USB, 12C, SPI...) that are available at the predefined position
on the SODIMM 200 connector. The pin assignment for the 200 pins is also defined and identical for all DHCOM

core modules.

The DHCOM specification describes functional groups toensure the compatibility between different DHCOM
modules. Each functional group has its own supply voltage, which is made available on the SODIMM200 con-
nector via a voltage level output (Vcam_OUT, Vdisp_OUT, Vsysbus_OUT and VIO_OUT). Level shifters onc¢hs-
tomer -specific mainboard establish the compatibility between different DHCOM modules. These level shifters

can also (e.g. for reasons of cost) be removed from the customer design. In this case, however, the customer

loses the compatibility with the DHCOM standard.

CPU Core Module
SODIMM-200 DHCOM Standard connector
e.g. 2V5 e.g. 3V3 e.g. 1V8
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Figure 1: DHCOM functional groups concept

Important:

With the level shifter concept it is possible to support all core modules developed by DH electronics in the fu-

ture. If you only wish to use the current DHCOM modules (DHCOM i.MX25, AM35x, i.MX6 and AM335x) you only

need to use level shifters in special cases, see Table 12: VVoltage groups on page 49.
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Summary:

At the moment you only need level shifters at the address and data bus interface, if youwish to use parallel a

address and data bus, i.MX25 and another DHCOM core module in the same mainboard hardware.

2.2 Unconnected pins

The following SODIMM 200 pins must be terminated if they are not used:

Terminating re-

Pin name Description SODIMM pin number :
sistance or voltage
VCC_BAT Core Module Battery voltage input 200 3.3V or 5V
VDDA Audio Audio Codec supply voltage input 10 3.3V
VSSA_ Audio Audio Codec Ground 9 GND
RESET_IN System Reset input (active low) 21 PU + 100nF capacitor
RESET _OUT System Reset output (active low) 20 PU + 100nF capacitor
TSPX Resistive Touch: 4 wire (X +) 12 PD
TSMX Resistive Touch: 4 wire (X-) 14 PD
TSMY Resistive Touch: 4 wire (Y-) 16 PD
TSPY Resistive Touch: 4 wire(Y +) 18 PD
ADO Analog input 0 8 PD
AD1 Analog input 1 6 PD
AD2 Analog input 2 4 PD
AD3 Analog input 3 2 PD
NETH1 LINK LED Port 1: Activity LED connection 186 PD
nETH1_SPEED_LED Port 1: Speed LED connection 188 PU
ETH1_TXD Port 1: Ethernet TX Differential Output 190 PD
(minus)
ETH1_TXD+ Port 1: Ethernet TX Differential Output 192 PD
(plus)
ETH1_RX Port 1: Ethernet RX Differential Input (mi-  [196 PD
nus)
ETH1_RXI+ Port 1: Ethernet RX Differential Input 198 PD
(plus)
NETH2_LINK_LED Port 2: Activity LED connection 187 PD
nETH2 SPEED LED Port 2: Speed LED connection 189 PU
ETH2_TXD Port 2: Ethernet TX Differential Output 191 PD
(minus)
ETH2_TXD+ Port 2: Ethernet TX Differential Output 193 PD
(plus)
ETH2_RXd Port 2: Ethernet RX Differential Input (mi- (195 PD
nus)
ETH2_RXI+ Port 2: Ethernet RX Differential Input 197 PD
(plus)
USB_OTG_VBUS OTG Client: VBUS Input line 166 PD
OTG Host: USB bus supply voltage
USB_OTG_D+ USB OTG differential Signal positive line  [170 PD
USB _OTG_b USB OTG differentialSignal negative line  [172 PD
USB_HOST_D1+ USB Host differential Signal positive line (178 PD
USB_HOST D1 USB Host differential Signal negative line 180 PD
USB HOST D2+ USB Host differential Signal positive line 169 PD
USB HOST D2 USB Host differential Signal negative line [171 PD
MIC_INor 12S_RXFS Microphone Input Signal or Receive Frame |1 PD

R0O4
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Terminating re-

Pin name Description SODIMM pin number .
sistance or voltage
sync signal

LINEIN_L or 12S_RXD Line-In Left or Data receive signal 5 PD
LINEIN_Ror 12S_RXC Line-In Right or Receive clock signal 7 PD
SD_DETECT SD/SDIO/MMCcard detection(active high) (105 PD
INT_HIGHEST_PRIORIT] Highest priority interrupt pin (active low) 151 PU
e RGB-display-interface-lines 49,51, 53, 55,5459, 61, | Pb

Table 1: Unconnected SODIMM 200 Pins

111 Do not use Pull-down resistors on the LC_* lines if unconnected, because AM335x use these pins as boot

mode pins.

The following DHCOM X connector pins must be terminated if they are not used and connector is available:

Terminating re-

Pin name Description SODIMM pin number :
sistance or voltage
RGMII_INT PHY interrupt (active low) 18 PU
RGMII_WOL_INT PHY Wakeon-LAN interrupt (active low) 17 PU
PCIE_WAKE PCle wake signal (active low) 34 PU

Table 2: Unconnected DHCOMX Pins

PD = Pull-down resistor to GND; PU = Pullup resistor to 3V3

Note: For Pull-up or Pull-down resistors, a value of 10kohm is recommended unless otherwise stated .

R0O4
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3 Interface

The chapters that follow give design examples for the interfaces on the SODIMM 200 connector and prescribe

design rules for a customer specific mainboard design.

3.1 Power supply

The DHCOM modules have the folleving voltage inputs:

A Vin = core module supply voltage

A Vbat = battery voltage

Note: DH electronics recommends 3.3V for core module power supply to decrease the power consumption of

the whole system.
Regarding the current consumption from the Vin supply, ple ase refer to the user manual of the core module.
Layout routing guidelines:

It is necessary to connect the power supply to the SODIMM200 connector with low trace impedance. Be careful

ofadding viags to the power supply connection.

3.2 VBAT

If no buffering of the battery voltage is provided on Vbat, this pin must be connected to Vin. Otherwise, see the

following example of a Gold Cap connection:

+3v3
A

D1
N7 easar6

SOD323

R1
100
0603

Ly, C1
— 1.0

5.5V

R2

T>VCC_BAT
Tk At this point
0603 max. 4.0V

I

RM5
Goldcap Panasonic EECRFOH684

Figure 2: Vbat connection example

Note: At older user manuals and design guide versions, Vbatwas stated with 3.3V up to 5.5V. Please ensure that
Vbatpin is sourced with a maximum voltage of 4.0V at the SODIMM pin. Otherwise the 12C communication be-

t ween RTC and CPU doesngt work anymore.
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3.3 Power Button

The DHCOM st andar a@apoweobattomigpout. pr ovi de

Explanation: We d o n ¢ t power lpugroa input because of one simple problem. If we have such an input we
could only power off the core module power with it. The mainboard voltage would remain at on state. This has
the consequence that all interfaces of the core module will be powered from the mainboard side and further-

more undefined things happen.

Workaround: If a power button for complete system power On/Off is needed, we recommend using a power
button On/Off controller on the mainboard. Maybe the Linear Technology LTC2953 would be a good choice
(http://www.linear.com/product/L TC2953 ).

3.4 Audio interface

Depending on the specific core module the audio interface on the SODIMM 200 connedor is analog (OnModule
audio codec) or digital (12S interface). The following table shows the audio interfaces of the specific core mod-

ules:

Analog Interface (On board audio Digital I2S interface

DHCOM module

codec)
i.MX25 - On request
AM35x Yes (Tl TL\320AIC23B) -
AM335x - Yes
i.MX6 - Yes

Table 3: Core module audio interface s

The pins on the SODIMMZ200 connector are shared between analog and digital interface:

SODIMM | SODIMM pin | Description IO Type | SODIMM pin | Description 10 Type
pin number | name name
Analog Interface Digital I2S interface
10 VDDA _Audio Audio Codec supply voltage PWR_I VDDA_Audio Audio Codec supply voltage PWR_I
input input
9 VSSA_Audio Audio Codec Ground PWR_I VSSA_Audio Audio Codec Ground PWR_I
1 MIC_IN Microphone Input Signal | 125 _RXFS Recelve Frame sync signal /
3 MIC_GND Microphone Ground PWR_I -
5 LINEIN_L Line-In Left | 12S_RXD Data receive signal |
7 LINEIN_R Line-In Right | 125 _RXC Receive clock signal /
11 HP_GND Headphone Ground PWR_O |I12S TXFS Transmit Frame sync signal O
13 HP_OUT_LEFT | Headphone Output left (0] 12S_TXC Transmit clock signal (@)
15 HP_OUT_RIGHT Headphone Output right (@) 12S_TXD Data transmit signal (@)
Table 4: Audio interface pins
* The signals are not connected to the core modules AM335x and i.MX6.
RO4 DOC _DHCOM Design-Guide.docx Seite 12/ 54
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3.4.1 Digital

The 12S interface of the current DHCOM core modules (AM335x and i.MX6supports only DHCOM (master) to
Audio Codec (slave) mode with the available 12S interface on the SODIMMOO connector. Otherwise the signals

12S_RXFS and I12S_RXC would be needed.

The following figure shows an example how to connect an audio codec to the digital DHCOM audio interface.

AUDIO CODEC +aav AUDIO_VDD

a FB1
300R_100MHz gy
+33V L AUDIO_VDD

GND 1000

15% =3 ca ca
507 [ 0603  ==ioon = ==470 ==a7u

cs 0603 300R_100MHz 507 6.3v 6.3V

Iy 0603 0805 0805,

25V
0603 c clo
=100 ==220n
LINEIN_L >—“7 63v 25V e
0603 0603
GND

Ra <~
Fe 0
LNEIN_R >—{}7 aND 003
=4 ol o
= gl 8 " — WL
25v o =
0603 , 2 s 3 . c8  100u
Dient € % Suncourt 12 i 63 3
- 131 NEN R uneouT R X I 0603
100n &
50V HPR
(‘)‘503
" 15 0
e I me 6 0603
16 HD_L RS
MIC_BIAS 2 M 10k
HD_R .\ ] 0603
ci 1000
R6 2.2k 0603 ci2 HD_VGND 1210 6.3V
T % e son QR P002 27| oy para 0
VAG
MIC.OND  >————————¢ 0603 ncsc R 060329 1 crgcuk 18 R10
s coRILT —
. 125 RXD 251125 pour 8 e HP_GND
o o 537 25O NeT g s | ==ioon
0603 e 24| 128 LRCIK NC2 (7 ==100n 50V o
125 TXC 2SS, NC3 5% 50V 0603 0603 R
S s Ned 0603
21 s 8 NG5 795 0603
ss Mok § 2 NC6 22—
L3 850
23 852
+3.3V EE 2 zz 4
GG & 56¢
NOTES:
R12 '
CTRL_ADO_CS:  Set bit 6 of 7 of the I12C address
0603 Ql
4 3 I2C address:  On0 1010(R/W,
I , +V3 - CK nis determned by I2C ADRO_CS
cis e CTRL_MOXE: 0 =12C mode, 1 = SPI mode
100
50V GND VoD Thi's pover squly can be derived froman
0603 24MHz internal regulator and no external
oD 7.0x51mm conponents are required.
GND vAG Is the internal voltage reference for
the ADC. The VAG pin shoul d have an
external filter capacitor

Heodphons

784
300R_100MHz
7 = > e L T - o— . MIC_IN 7 = HPL
30p
S~ 3 o 50V 3
1 T
786
3.5mm Audio Jock (blou) X% | 2 —=330p ==330p  J00R100MHz 3.5mm Audio Jack (pink]
<Housing> PESD3V3LIBA s0v s0v <Housing> 02 #13 <Housing> 03
500323 0603 0603 PESDIV3LIBA 0 PESD3V3LIBA
500323 0603 soD323 R14
0
0603

D5
PESDIV3LIBA
50D323

785
300R_100MHz
x1 -

3 -
’ N & o g
—c L . :
v | e e oo .
3.5mm AuioJoc (ruen)

N

N

D4
2K Rossuien
50D323 ~ A4

VAV A4

~

Figure 3: Audio codec connection

3.4.2 Analog

Analog power supply:

For the analog audio part of DHCOM modules, separate supply inputs are available on the SODIMM20O con-

nector:

A VDDA_Audio
A VSSA Audio
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These must be supplied from a separately filtered supply voltage. An example of such a filter is shown in the

next figure:
+3.3V AUDIO_VDD
FB1 A
300R_100MHz Rl
_— —
15R Cc1 c2 c3

FB2 0603 =—100n ==47u ==47y
300R_T100MHz 50V 6.3V 6.3V

0603 0805 0805
-

AGND

GND

Figure 4: Audio supply voltage filter

Note: The design of the filter depends largely on the quality of the supply voltage, the filter shown can therefore

only be regarded as an example.
Microphone:

MIC_IN is a highrimpedance, low-capacitance input that is supplied with a reference voltage by the audio
CODEC. The internal circuit is suitable for an electret microphone. The maximum output current is about 3 mA.

An example for the connection of a jack socket is shown in the next figure:

FB1
300R_100MHz
X1 -

H 1 2 ‘ ] MICIN

A3
1 AGND

3.5mm Audio Jack (pink) Cl1
330p
50V
0603

Figure 5: Audio microphone connection

Line In:

The DHCOM audio CODEC has a line input for left and right audio channels. A voltage divider on the core module
halves the input signal. This reduces the 2 x \kws of a CD player signal to the nominal 1 x \kwmsinput to the audio

CODEC. An example for the connection of a jack socket is shown in the next figure:

FB1

300R_T100MHz
X1 -

2
7 1o .
? GND L] LINEIN_R

c1 FB2
3.5mm Audio Jack (blau) =r=330p  300R_100MHz
50V

0603

LINEIN_L

Figure 6: Audio line in connection
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Headphone:

The DHCOM audio CODEC has a headphone output for left and rig audio channels. The output is designed to
drive 16R and 32R headphones. The DC decoupling is on the core module so that no coupling capacitors are

required on the mainboard. An example for the connection of a jack socket is shown in the next figure:

X1

2
H T o HEADPHONE_L

3
1

HEADPHONE_R
HEADPHONE_GND

3.5mm Audio Jack (gruen)

Figure 7: Audio headphone connection

Layout routing g uidelines:

For all analog audio signals, particular attention must be given to the connecting lines. These should be routed
as far as possible from digital signals. It should also be ensured that separate ground areas are placed beneath

the analog audio signals and connected to audio ground.

3.5 Reset & Interrupt

The DHCOM modules have a RESET_IN and a RESET_OUT. Both signals are "active low". If the RESET_IN is
connected to a push-button, it must be de-bounced and extended (min. 1.5 ms) as shown in the example con-

nection:

+3.3V
A

4
o
&
3
5

RESET1
1 4 3
2 3

#MR _#RST RESET_IN

1
GND,_ VCC

FSM4JSMA
STM6315RA
SOT143-4

GND GND

Figure 8: Reset switch

The RESET_OUT signal is pulled "low" if the core module is in the Reset sate. It can be used on the mairboard

as reset line.

Note: Because of better EMI performance it is recommended to connect a 10k pull-up resistor and 100nF ca-

pacitor to GND tothe reset_in as well as reset outpins. Dongt | eave these pins uncon
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3.6 UART

The DHCOM modules have up to 3 UART intedices, however, only UART 1 is connected as a "fully functional
UART".

Note: It is necessary to provide a connection to the DHCOM UART1, as the core module bootloader could be

controlled via the UART1. A minimum connection level should be provided via solcer pads.

As an example, the following diagram shows a circuit for the connection of an RS-232 transceiver:

a3
¢
Lonn
sov
0603 g u
- Blo 8 wpZ
100n > 3
+33V 433V +33V 0V v
Sa0s c c s
. et
2, on o - UARTL T oUT
R ] R = c2 o o 300R_100MHz 0603|
i Son X
oons Ljosos L os0s oot &6 Eol - I cx x —
> = w1 DR OUT  UARTTOTRoUT Faws
c2- FB ’7 1 CTS | 8l 5
UARTLTX i i o o [ P : o
UARTIRTS T2 20 = iz L ct TRCN 5 7.°
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Figure 9: FF UART RS232 Transceiver

RS-485 Design note:

Because of software implementation it is recommended to use the following pins as TX and RX enable of R$485

interfaces.
: " SODIMM pin . —

DHCOM UART RS-485 pin description number P DHCOM pin description
UART1 TX enable )

RX enable Not yet defined.
UART2 TX enable 68 GPIO_M

RX enable 66 GPIO_N
UART3 TX enable 64 GPIO_O

RX enable 62 GPIO_P

Table 5: Unconnected DHCOMX Pins
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Design notes:

Special attention must be paid with FTDI USBto-UARTcah e connecti on t o.lftthe PBHCOMCOM
deviceis no longer powered and the USB side is still connected to a Host PC, the Tx signalcontinues sourcing
power to the computer on module. After restart problems may occur on the DHCOM systembecause of reverse

current (we noticed problems with eMMC or SD card connection).

Therefore, the connection should be disconnected or isolated if the power supply of the DHCOM system is

switched off.

IV IS0 —BVE IS0 +a¥ FIDI
iy —5V_FTDI Debug
15V FTDI

cl c2 FB1

R1
22k Ty =—u ROUR_00MA7
403 a5 20v R2 Woertr #742792641
0403 £s03 10k 0603
CHD_I50 GHND_FIDI nans GHE =
: 1
T
: Ul . 2
VD1 ¢ VDD . = 3
a & DI RXD P3 00 08032 TED
FF_RAD 3| A2 O B2 | [ FTOT_TRO_T prm— RISI ] @ 00 0403 n 1
Al Bl O[5 Lt e 5
GNDI | GND2 B ra2 16
SBAZIBB-D-15 10k RS 7 FLOR 100MHz
SOl 8 0603 18k 18k Wuorlh # /742752641 Fin Headar Yartical
CAB O GNEFTDI 0403 0403 0403 5MD2.54_Harizontal
GND_FTEI GHD_FTDI GND_FTD

Figure 10: FTDIlisolated connection example

+5V

600R_100MHz
Wouerth #742792651
3

1
) |as
P
DHCOM UART1 RX g vee FTDI cable:
DHCOM UARTT TX g &B TTL-232R-3V3
x—-y_s | RS
Header Pin 1x6p
n R1 WR-PHD 2.54
S12365EDS 100k
SOT23 0402
600R_100MHz
Wuerlh #742792651
0603
| R2
10k DHCOM_SUPPLY VCC_IN
0402 GND
T2
BC846B
SOT23
GND

Figure 11: FTDI connection example

Design note for DHCM-iMX25-01D2:

The DHCOM UART?2 hardware flow control pins (CTS, RTS) are only implemented with i.MX25 gpio pins. The CTS
gpio is also used on the core module for boot mode configuration. In addition to that the mainboard design must

ensure that this pin is not driven at power up.
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3.7 SPI

Design notes:

A Some DHCOM core modulesboot up from OnBoard SPI Flash. This SPI interface is also available out-
side of the module via DHCOM SPI1 interface with another chip select In addition to that the mainboard
design must ensure that these pins are not driven at power up. If level shifters are used, the DHCOM
SPI1 interface needs to be connected to a separate level shifter. The enable pin of the level shifter
needs to be activated withthe DHCOM SPI1 chip select.
A SPI with external Master:
In this case the mainboard design must ensure, that the DHCOM SPI1 lines (MISO, MOSI and CLK) are
not driven from the external Master at boot up, ot

MISO, MOSI and CLK lines are shared with the DHCOM boot flash

ARM CPU
=~ N
(7]
(@]
< 5 §§'
2 =
7 ol N SP boot
D—\/ Hash
A 4 ~_
SODIMM-200 connector
- <,l =~
(7]
(@]

External SMl /\—
\I_

DHCOM SPI1

Figure 12: SPI multi master system

Design note for DHCMiMX25-01D2:

The DHCOM SPI2 interface pins are shared with some DHCOM camera interface pins. Therefore it is only possi-

ble to use the pins either for the camera interface o r for SPI2.
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3.8 Display interface

The DHCOM standard offers 24bit RGB signals and 4 LVDS pairs (+ 1x clock pair) as display interface. Unlike
the RGB Interface, which is always available with at least a 16 bit data bus width, LVDS is not available as
standard from some DHCOM modules. An example of an RGBLVDS converter is therefore given in chapter 3.8.2

LVDS interface.

Note: It is possible to use the DHCOM GPIO_A&GPIO_Ipins as backlight enable GPIO. It is recommended to use
GPIO_G as backlight enable pin, because of software compatibility. The additional GPIOs GPIO_&GPIO_Wdo

not support the backlight enable functionality.

3.8.1 RGB interface

Displays with a wide range of colour formats (RGB 565, RGB 666, RGB 888, etc.) can be connected to the parallel
RGB interface. If not all 24 data lines are required, it must be ensured that it is the most significant bits that are

connected.
Layout routing guidelines:

It is recommended that the RGB interface lines are routed with equal lengths and spaced as far as possible
from other signals. The max. RGB line length between the SODIMM200 connector and the display connector is
150 mm. Furthermore, unused display lines must be terminate d with an appropriate resistance to reduce inter-

ference (maintain EMC).

3.8.2 LVDS interface

If no LVDS interface is available from the DHCOM module, the circuit in the following figure (T1 SN65LVDS93A

LVDS transmitter) can be used for reference.

Note: Be careful with the LVDS data mapping. Your display may use different data mapping.
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Figure 13: 8bit LVDS(16.7M colors) Circuit Example
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Figure 14: 6bit LVDS (262k colors) Circuit Example
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Layout routing guide lines:

The given layout notes belong to the LVDS clock and data lines. In addition, conductor lengths within an LVDS

channel must be equalised with a maximum difference between the differential pairs of 0.25 mm.

A Differential | mpedance: 100E +20%

A Pair-to-pair pitch: min. 0,8mm

A Maximum via count: 2

A hDifferential pairsh must be routed over a solid

over the entire trace route.

3.8.3 Dual channel LVDS
If the DHCOM LVDSriterface is connected to dual channel LVDS display, the following pixel mapping must be

used:

A DHCOM LVDS 1 (SODIMM00) = odd pixels
A DHCOM LVDS 2 (DHCOM high speed connector) = even pixels
3.8.4 HDMI

The DHCOM standard offersone HDMI interface on the high speed connector (DHCOMX interface). Please be
aware that HDMI have licencing restrictions in place. The following figure shows an example of a HDMI connec-

tion:

Figure 15: HDMI example
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