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1 Introduction

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

connected components to a DHCOM module. Also 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 functions (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 to ensure the compatibility between different DHCOM
modules. Each functional group has its own supply voltage, which is made available on the SODIMM-200 con-
nector via a voltage level output (Vcam_OUT, Vdisp_OUT, Vsysbus_OUT and VIO_QOUT]. Level shifters on the cus-
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
3 & 3
& g
£ 5 £ ) £ [¢]
[] o\ 2 o‘ @ o,
2 & S = 3 2
33 ‘.
¢ g = z & =
~E 2 v e v v Z
= £ o
T s : : : &
5 3 Level Shifter Level Shifter Level Shifter ol
= = =
5 :
O S B
g 5 g g ] H
-2 e.g. 3V3 ~1::’) e.g. 1vV8 K e.g. 3V3
£ £ E
= E 3
¢ 3 2
lxl 0
= = 2
Ethernet Display Camera 10 Power
Customer Carrier Board
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.MXé and AM335x]) you only

need to use level shifters in special cases, see Table 12: Voltage 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 you wish 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 3.3Vor bV
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 3 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_RXI- 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_RXI- 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_D- USB OTG differential Signal 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_IN or 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 125 _RXD Line-In Left or Data receive signal 5 PD
LINEIN_R or 125_RXC Line-In Right or Receive clock signal 7 PD
SD_DETECT SD/SDIO/MMC card detection(active high) [105 PD
INT_HIGHEST_PRIORITY | Highest priority interrupt pin (active low]) 151 PU
Lox RGB display-interface lines 49-81:-53,85,575%-6% | PD

Table 1: Unconnected SODIMM-200 Pins

01 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 Wake-on-LAN interrupt (active low) 17 PU
PCIE_WAKE PCle wake signal (active low) 34 PU

Table 2: Unconnected DHCOM-X Pins

PD = Pull-down resistor to GND; PU = Pull-up 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 following voltage inputs:

= Vin = core module supply voltage

= 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, please refer to the user manual of the core module.
Layout routing guidelines:

It is necessary to connect the power supply to the SODIMM-200 connector with low trace impedance. Be careful

of adding via’'s 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

D1
BAS416
SOD323

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

R1
100
0603

o]
1.0
5.5V

RM5
Goldcap Panasonic EECRFOH684
GND

Figure 2: Vbat connection example

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

tween RTC and CPU doesn’t work anymore.
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3.3 Power Button

The DHCOM standard doesn’t provide a power button input.

Explanation: We don’t support power button 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/LTC2953).

3.4 Audio interfac

e

Depending on the specific core module the audio interface on the SODIMM-200 connector is analog (OnModule

audio codec) or digital (12S interface). The following table shows the audio interfaces of the specific core mod-

ules:

DHCOM module

Analog Interface (On board audio

Digital 12S interface

codec)
i.MX25 - On request
AM35x Yes (TI TLV320AIC23B]) -
AM335x - Yes
i.MX6 - Yes

Table 3: Core module audio interfaces

The pins on the SODIMM-200 connector are shared between analog and digital interface:

SODIMM SODIMM pin | Description 10 Type | SODIMM pin | Description 10 Type
pin number| name name
Analog Interface Digital I12S 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* Receive 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 /
1" HP_GND Headphone Ground PWR_O 125_TXFS Transmit Frame sync signal | O
13 HP_OUT_LEFT | Headphone Output left 0 125_TXC Transmit clock signal 0
15 HP_OUT_RIGHT | Headphone Output right 0 125_TXD Data transmit signal 0
Table 4: Audio interface pins
* The signals are not connected to the core modules AM335x and 1. MXé.
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.MX6) supports only DHCOM (master) to
Audio Codec (slave] mode with the available 125 interface on the SODIMM-200 connector. Otherwise the signals

|12S_RXFS and 12S_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

15R c2 c3 Cc4
s0v 82 0603 ==ioon == ==
cs 0603 300R_100MHz 50V 6.3V 6.3V

Iy 0603 0805 0805,
25v

0603 Cé Cclo
5 =10, ==220n
LINEIN_L 6.3V 25V, oo
GND R4 v
LINEIN_R >—{}7

9|
&l

0
0603
c7 9 =]
v | | ) Ul — HP_L
25v a =
0603 , 2 s 3 . c8  100u
Dient € F 0 Suneourt 12 i 63 3
- 131 NEN R unEouT R X I 0603
1000 &
50V HPR
(‘)‘503
§ 15 0
MICIN i mc 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 PO02 27| gy para 0
VAG
MIC.OND  >————————¢ 0603 ncsc  HR8 060329 1 crgcuk 18 R10
s coRILT —
. 125 RXD 251125 pour 8 e Hp_GND
o o 537 25O NeT g s | ==ioon
0603 = 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
sysmek 8 Q NC6 22—
L3 850
23 859
+3.3V EE 2 zz 4
GG & 56¢
NOTES:
R12 '
CTRL_ADO_CS:  Set bit 6 of 7 of the 12C 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 squl y 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

B4 85
300R_100MHz 300R_100MHz
x x2 X
* = - NN L T - s — MIC_IN * = HP L
3 3 v 3
: > e [ 50v HP R
1 AGND 17 ci8 FB6 1 MIC_GND 1 HP_GND
Eg D1 =T330p -330p. 300R_100MHz mm io m o
PESD3VSL1BA sov so0v % o m o 5 | e
$S0D323 PESD3V3L1BA [ PESD3V3L1BA
0603 | 0603 50323 0603 soD323 I R14
0
D4 D5 0603
PESD3V3LIBA PESD3VLIBA
SOD323 N\ A4 SOD323
~~ ~

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 SODIMM-200 con-

nector:

= VDDA_Audio
= 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
.
—J
15R c1 c2 c3
FB2 0603 =100n ==47v  ==47u
300R_100MHz 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 high-impedance, 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

A\ 3

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 Vrus of a CD player signal to the nominal 1 x Vrms input 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 right 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 1 i HEADPHONE_L

? HEADPHONE_R

HEADPHONE_GND

3.5mm Audio Jack (gruen)

Figure 7: Audio headphone connection

Layout routing guidelines:

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 state. It can be used on the mainboard

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 to the reset_in as well as reset_out pins. Don’t leave these pins unconnected.
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3.6 UART

The DHCOM modules have up to 3 UART interfaces, 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 solder pads.

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

a3
¢
Lonn
sov
003 g u
= Blo 8 wpZ
100n > 3
+33V 433V +33V 0V v
003 c c e
n s
2o 1o o - UART1 TX_ouT
® ® R < Gar sov s S00R_100Mz 0603
n foon X
oe0s Lfosas Lfoses 0603 ore o 300R A00MHz 0603 . cxx 2]
2 = URTI DTR OUT  UARTT DT GUF
C2- FB UARTT CTS_IN
1 T Tio 9 UART1 RI_IN UARTT_TX OUT
1 73 o " UARTI 1S OUT
129 12 T20 7 300R_T0oMtz 0603 UART1 DCD_IN UARTT RX_IN
I T30 UARTT_DSR_IN 10
0 . s UARTH RXIN AR DCO N i}
UARTI RI Rio Rl -_— s
UARTIDCD 0 Rl ko 300K Ton 503 [———UART CTS N DSUB Malo
UARTIRX a0 R ko o Spez 0
UARTI CTS Rio Ral kb [T DS
UART1 DSR RE0 RSl T [UART1_DSR_IN 0603
oy S0 10N
2, rorozor o 5
23 Forceon
21 QA _—
300K 10N
o
e [
. -
g e 300R. Tonz 003
|
300R_100MHz 9893
fex]
c e le e e |ec Jc |e
sov | sov | sov | sov | sov | sov | sov | sov
0603 | oa0s | oscs | o603 | oe03 | oe0s | os0s | oeos
N6 oD N GND GND G GND  GND

9
&l
9|
&l
9|
&l

Figure 9: FF UART RS-232 Transceiver

RS-485 Design note:

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

interfaces.
DHCOM UART RS-485 pin description SODIMM pin DHCOM pin description
number
UART1 TX enable
RX enable Not yet defined.
UART2 TX enable 68 GPIO_M
RX enable 66 GPIO_N
UART3 TX enable b4 GPIO_O
RX enable 62 GPIO_P

Table 5: Unconnected DHCOM-X Pins
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Design notes:

Special attention must be paid with FTDI USB-to-UART cable connection to the DHCOM UART's. If the DHCOM
device is no longer powered and the USB side is still connected to a Host PC, the Tx signal continues sourcing
power to the computer on module. After restart problems may occur on the DHCOM system, because 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: FTDI isolated connection example

+5V

600R_100MHz
Wouerth #742792651
3

1
y | &8
]
DHCOM_UART1_RX v FTDI cable:
DFCOM_UARTTTX A TTL-232R-3V3
—r~s |RTS
Feader Pin Tx6p
I R1 WR-PHD 2.54
S12365EDS 100k
SOT23 0402
600R_100MHz
Wuerth #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 UART2 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:

Some DHCOM core modules boot 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 with the DHCOM SPI1 chip select.

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, otherwise the DHCOM module doesn’t boot because the

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

ARM CPU
=~ @]
8
< 5 b
¢ :
5 ol N| SPIboot
°—/| Hash
A 4 ~_
SODIMM-200 connector
= <l N
(/)I
(@)

Save

External S /\—
\I_

DHCOM SPI1

o<
%8

Figure 12: SPI multi master system

Design note for DHCM-iMX25-01D2:

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 or for SPI2.

R0O4
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3.8 Display interface

The DHCOM standard offers 24-bit 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 RGB-LVDS converter is therefore given in chapter 3.8.2

LVDS interface.

Note: It is possible to use the DHCOM GPIO_A - GPIO_I pins as backlight enable GPIO. It is recommended to use
GPI0_G as backlight enable pin, because of software compatibility. The additional GPIOs GPIO_J - GPIO_W do

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 SODIMM-200 connector and the display connector is
150 mm. Furthermore, unused display lines must be terminated 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 (TI 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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GND R4 D2 “
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Figure 14: 6bit LVDS (262k colors) Circuit Example
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Layout routing guidelines:

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.

= Differential Impedance: 1000 +20%

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

= Maximum via count: 2

= Differential pairs” must be routed over a solid ground or VCC plane to maintain a controlled impedance

over the entire trace route.

3.8.3 Dual channel LVDS

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

used:

= DHCOM LVDS 1 (SODIMM-200) = odd pixels
= DHCOM LVDS 2 [DHCOM-X high speed connector] = even pixels

3.8.4 HDMI

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

tion:

u
Wuerth #744233900
R 100MHz

90R 1
0805
HOM_CLK- —L 2 Ve
W CLke A = 3
HOMI Clks —4 =3 u o
1
" ] vec_sv Ny
Werth #744233900 ccA
90R 100MHz Clk+ 16 a c2
0805 LK LN Periad 1000 1000
HDMI_DO- ! 2 ) S0V, 50V,
= TDo: 18 0603 _| 0603
4 = 3 T TDO. 17| Do+
HOMI DO+ >—2 = DO- GND  GND
101 2
13 iis]] 20| 01+
Wuerth #744233900 B
90R 100MHz TD2: 23
0805 D2 53] D2+ "
D2
HOMI_D1 1 v\
S 1 7 CLK+ 10
4 = 3 *— cec_A cecB 77| TOMS_CLK+
Homi D1+ >—d =3 ] 2 a e 77| TOMS_CLK_SHIELD o
3 scLa SCLB o TOMS_CLK- 000
SDA A SDAB 0
L4 100+ 7! 1oms_po+ s0v
e § |
Woer #744233900 B 1 00 $——o TDMS_DO_SHIELD 0603
oo 15_OF sv_out TDMS_DO- GND
Hom p2. —t—p 2| 21 1 Hep S 2 roms D1+
= $——¢ TOMS_D1_SHIELD
= 4 1 1 D1
HomI D2+ »—4 = 3 HPD_A HPD_B [ 1 roms o1
D2 1
5 * - TOMS D2+
- GND 77 02 $—3| TOMS_D2_SHIELD
Woerth #742792641 OND (19 TOMS D2-
GND
0603 13 cec
e scl TITPD125016 =
R R 15
TSSOP24 GND_IN 12 poC_scL
DDC_SDA
2cson O——illilf——— 17
FB2 DDC-CC_GND
Woerth #742792641
0603 18] sy
MI_HPY FB4 19
Hom HeD Woerth #742792641 HolPlug Detect
F83 0603
Woerth #742792641 14
0603 D1 * NC
PESDSVOU1UB Folex 471511001
SOD-523 HDMI RMO.5
GND._ GND GND_IN

Figure 15: HDMI example
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HDMI Layout routing guidelines:

* Max. frequency: HDMI 1.4a: 1.65GHz (340 MHz pixel clock)

= Differential Impedance: 1000 +15%

= Single ended impedance: 50Q +15%

= Trace lengths equalised within the diff. pairs: Tmm

= Trace length difference within a pair: 0.125mm

= nostublines

= Maximum trace length from DHCOM connector to HDMI connector: 200mm
= Spacing to other signals (especially clock signals): min. 1.5mm

= Pair-to-pair pitch: min. 0,5mm

=  Maximum via count: 2

= Differential pairs” must be routed over a solid ground or VCC plane to maintain a controlled impedance

over the entire trace route.

3.9 GPIO

3.9.1 GPIO_A-GPIO_I

The DHCOM standard offers a maximum of 9 primary function GPIO pins.
Notes:

= |tis possible to use the DHCOM GPIO_A - GPIO_lI pins as backlight enable GPIO. The additional GPIOs
GPI0_J - GPIO_W do not support the backlight enable functionality.
= Android buttons:
With the DHCOM standard Android Images the following GPI0s are connected to active low buttons, for
the following Android functionality:
o GPIO_A: Volume up button
o GPIO_B: Back button
o GPIO_C: Power button
o GPIO_D: Volume down and recovery button
If the buttons functionality is not needed with Android standard images, the GPI0s must be set to high
via a pull-up.
= Default Touch Interrupt pin:
In combination with capacitive Touch controllers the following GPIOs are used by default (see Linux de-
vice tree] as touch interrupt lines:

o GPIO_E: At PDK2 display adapter boards
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o GPIO_H: At picolTX2 display adapter boards

= DHCM-iMX25-01D2 GPI0s:

If an i.MX25 GPIO_A - GPIO_H is used as output, an additional driver is required on the mainboard side.

If the pin is used as input a buffer should be provided on mainboard hardware.

Background: On the DHCM-iMX25-01D2 module, additional level shifters (Texas Instruments TXS0108E)
are used for the GPIO signals, which raise the GPIO signal level to 3.3 V (Figure 16). Because of their ar-
chitecture (automatic direction recognition), these can only deliver a drive current of <100 pA (highly
load-dependent). For this reason it is recommended that GPIO signals that are used as output are pro-
vided with an additional driver circuit (e.g. SN74AHC1G125) or a transistor stage on the mainboard
(Figure 17]. In the case of input usage, a buffer on the mainboard hardware side is recommended

(Figure 18] to protect the Level Shifter direction detection.

0 DHCM-iMX25-01D2 e}

CPU s 3y
) i.MX25

=
Levelshifter

(0000 T L U OOO

Figure 16: GPIO circuit on DHCM-iMX25-01D2

+3V3

Re

+——> GPIO_OUT xxx
R2
10k

GPIO _xxx g}:sma
SOT23

R1
10k

Figure 17: GPIO circuit as output
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u1

vcc

N = o o

GPIO_xxx <—4 GPIO_IN_xxx

SN74AHC1G125DBV
SOT23-5

GND

Figure 18: GPIO circuit as input
3.9.2 GPIO_J - GPIO_W (alternative GPIOs)
If the GPI0s (GPIO_A - GPIO_I) are not sufficient, the camera interface pins can also be used as GPI0s. This

increases the number of available GPIOs from 9 to a maximum of 23. The maximum number depends on wheth-

er the camera interface is available on the core module in question and on how many data lines are available.

Camera interface pin Alternative DHCOM GPIO nhame SODIMM pin number
CIF_HSYNC GPIO_J 74
CIF_PCLK GPIO_K 72
CIF_MCLK GPIO_L 70
CIF_VSYNC GPIO_M 68
CIF_D9 GPIO_N 66
CIF_D8 GPIO_O b4
CIF_D7 GPIO_P 62
CIF_Dé GPI0_Q 60
CIF_D5 GPIO_R 58
CIF_D4 GPIO_S 56
CIF_D3 GPIO_T 54
CIF_D2 GPIO_U 52
CIF_D1 GPIO_V 50
CIF_DO GPIO_W 48
Vcam_OUT Reference Voltage for GPIO_J - GPIO_W 102

Table 6: Alternative GPIOs
Important:
= Forthese GPIOs, Vcam_OUT is reference voltage instead of VIO_OUT.
= DHCM-iMX25-01D2: The camera interface pins CIF_D2, CIF_D3, CIF_D4 and CIF_Dé are shared with

DHCOM SPI2 interface. Therefore it is only possible to use the pins either for the camera interface, for

SPI2 or for GPIO.

3.10SDIO

Depending on the DHCOM module the SDIO interface can be used parallel or alternative to the OnBoard mi-

croSD slot, where alternative means that it is possible to switch between the slots during operation.
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Core module examples:

= DHCM-iMX25-01D2 - DHCOM SDIO interface can be used as an alternative to the microSD slot.
= DHCM-AM35-01D2 > DHCOM SDIO interface can be used in parallel with the microSD slot.

An SD slot example circuit is shown in the next figure:

+3.3V +3.3V
A
Cl
R1 R2 R3 R4 RS 100n
47k 47k 47k 47k 47k 50V
0603 L 0603 || 0603 L] 0603 0603 0603
GND
X1
SD_DAT3 ; CD/DAT3
SD_CMD 5 CMD/DI
GND
R6 4| G
SD_CLK 2 CLK
GND
SD_DATO 330608 I patoo
SD_DATI 5| DATI/IRQ
SD_DAT2 DAT2/NC
10
SD_CD T3 swi
SD_WP_PLD 2] sw2
SW3
Yamaichi
R7 R8 FPS009-2405-0
100k 100k Spez.
0603 0603
GND GND  GND

Figure 19: SD card connection

Layout routing guidelines:

The max. SDIO interface line length from the SODIMM-200 connector without additional bus driver is 80 mm. All
lines should be routed with matched trace length. In addition, a 33R resistor should be inserted into the clock
line, as close as possible to the SODIMM-200 connector. For line lengths near 80 mm, it is also a good idea to

include a buffer in the clock line:

+3.3V

+3.3V
100n

50V
0603

ul
SN74AHC1G125DBY

vcc

P

Q)
o

NI

GND

R1

[13] SD_CLK 14 [} SD CLK Conneclor

33 0603

o= e o

GND

Figure 20: SD Clock buffer circuit
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3.11System bus

The DHCOM modules support the connection of peripherals by a parallel address and data bus. The memory
bus interface supports 16 data bits, 16 address bits and a maximum of 5 chip select lines (see DHCOM Specifi-

cation).
The address lines address wordwise (16-bit] and can address a maximum of 128 kByte.

3.11.1 8-bit access

There is no special 8-bit mode. If an 8-bit device is connected, access internal to the CPU is still to word ad-
dresses. The high Byte of the data is ignored. If, for example, address 0x1 should be read on an 8-bit device then

address 0x2 must be used CPU internal.

Word (16bit) Adresse  DHCOM Adressbits [A15...A0] Daten [D15...D0]

ooy DX oo o ot [ o [
o2 DAL oo o ot o [
oams DAL oo o o[ o [

Figure 21: System bus 8-bit access

3.11.2 16-bit access

The connection of a Davicom Ethernet controller is shown in the next figure:

vDD_18 VDD_33
A A
R1
6.8k
0603
—C 1 48 | BORES 19 EEDIO
BGGND EEDIO |55 FECK. EEPROM
ETH RXD+ RXVDD18 EECK 77 EECS
e R+ EECS
27 RX.GND_1 VDD_33
fHGND2 32 DHCOM A2 [
cMD
— s INT 22 DHCOM GPIO xx
5 DXGND 1o 3¢ PHCOM_OF i AN La148
TXVDD19  IOW# [57 DHCOM_WE 0603 MiniMELF
8 CS# 70 DHCOM_CS_A
DHCOM_DO 77| SDO PWRST# DHCOM_RESET_OUT
DHCOM D2 302 D7 [ —{—ETLED peed L
X 4 38 ETH LED active 100
DHCOM D3 D3 LED2 7 ov
DHCOM_D4 5 sb4 TEST |43 0805
DHCOM D5 i D5 X2 3% XoR
DHCOM_Dé o] SDé X1 Qi GND
DHCOM DB T 508 B
- 9 23 0 I 2
DHCOM D9 56 SD9 VDD_1 (55 0603 C2 HD‘——‘ c3
DHCOM D10 = sD10 VDD 2 [~ b bey
DHCOM D11 s sD11 vDD_3 oy == = sy
DHCOM D12 2 sD12 15 25MHz
DHCOM D13 T sD13 GND_1 33 0603 HC49/US 0603
DHCOM D14 2| SD14 GND 2 [—75 NPO | _L_ NpO
DHCOM D15 — sD15 GND_3 GND GND
A sD
1 n 1
AGND DM90008 GND

LQFP48

Figure 22: System bus 16-bit Davicom Ethernet example
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In the case of the Davicom DM9000, the CMD input is controlled via address A2. The address 0x8 must be used

to set the CMD input to 1.

3.12USB

A DHCOM core module has at least one USB host and one USB OTG interface. If an interface is a USB 2.0 High
Speed interface, it will also support USB 1.1.

Layout routing guidelines:

The USB data lines are to be routed as differential pairs with lengths equalised to within 0.25 mm. Furthermore,

no stub lines may be connected to the data lines.

= Differential impedance: 90Q +15%

= Pair-to-pair pitch: min. 0,9mm

= Spacing to CLK signals: min. 1,5mm

= Maximum trace length from DHCOM connector to EMI choke: 200mm

= Maximum trace length from EMI choke to ESD diode: 12,0mm

=  Maximum trace length from ESD diode to connector: 5,0mm

=  Maximum via count: 2

= Differential pairs” must be routed over a solid ground or VCC plane to maintain a controlled impedance

over the entire trace route.
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3.12.1

USB OTG interface

The DHCOM USB OTG port has no USB Power Enable or USB Overcurrent pins. In the host case, the VBUS is

switched on with the ID Pin (ID = Low = Host / ID = Floating - Client) and the Overcurrent output of the USB

power management unit can, if desired, connected to a DHCOM GPIO. This leaves the possibility open to the

customer to monitor the Overcurrent status in an application.

The following figure shows an example of a USB OTG connection:

USB Type Mini
2 SMD RM0.80

DHCOM_GPIO_xx
optinal
R1
0
DHCOM_USB_OTG_VBUS 0603 +av

USB OTG as host-only interface:

81
D1 300R_100MHz
0603 u
vaus [  vausa Buss [ _— Soum -
2 3 TF s 1 2 ourz a
Us8 D- Vo1A o018 DHCOM USB_OTG_DM 2| W oon
= fic
Use D+ [ 21 yozn yozs |- 2 3 DHCOM USB_OTG_DP 3 NCT X s0v
4 Uss 10 4 XS 5 O GND NC2 [ 0603
UsB_ID -2 DHCOM_USB_OTG_ID GNDA GNDB Shos e war
oo |5 90 100MH:z & S0 oD
USBeBT Waerth #744231091
soic8 ca |5 |cs R4 RS
TA8 ==i70 ==470 ==470 15k 15k +33v
<2 v [ ov | ov 0603 | ] 0603
==100n 82 cs is low:
sov 5008 100uH oans | 0805 | oals % | USBDislowbost
ot Woerlh 4742792641 sov _ID is floating: clien %
XTR 603 0603 lok
777 B 1 1 oxm 0603
GND GND GND  GND GND  GND GND

Use D

Figure 23: USB OTG connection

The following figure shows the use of the USB OTG port as a host-only interface:

x1

SHLD2
SHLD1

o

usBvCC
USBD-
USBD +
USBGND

DHCOM_GPIO xx
optinal
Rl
DHCOM_USB_OTG_VBUS 0 -
0603
U1

R2  USBType A
0

0603

81
D1 300R_100MHz
0603
1 1 veusa uss -2 L] Soun L
2 3 g 6 ; 2 RC— | cl
1/o1A /018 — DHCOM _USB_OTG_DM S| W Soon
3 2 7 N — e 4 s0v
1/02A 17028 0 DHCOM_USB_OTG_DP 3 NCI X
4 4 g 5 u GND NC2 0603
GNDA GNDB 0805 MIC2075-2Y1 o]
90R 100MHz &5 soics
USBEBT Wuerth #744231091
soics ca | s | cs Rt RS DHCOM_USB_OTG_ID
=470 ==470 =470 15k 15k
1L ov 1ov Tov 0603 0603 e USB_ID is low: host
=100 0805 | 0805 | 0805 =100 -
s0v 300R_100MHz vor | xee | wer s0v
0603 Woerth #742792641 0603
X7R 0603 X7R
777 o N5 o6 GNp N oo e o

Figure 24: USB OTG host connection
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USB OTG as client-only interface:

The following figure shows the use of the USB OTG port as a client-only interface:

F81
DI 300R_100MHz
x1 0603
1
UsBvCC 1 veusa Pt veuss -2 -
useo- |2 3 vora 18 - D
6 3 2 7 4 = 3
5 SHLD2 USBD+ 1/02A 17028
SHLD1 4 4 3 5 al
USBGND GNDA GNDB
R2 USB Type B 90R 100MHz
0 USB6B1 Wuerth #744231091
0603 soIC8 RS

3.12.2 USB host interface

c2
=r=100n
50V
0603
X7R

300R_100MHz
Wuerth #742792641
0603

GND

15k
0603

R4
15k
0603

GND GND

Figure 25: USB OTG client connection

<> DHCOM_USB_OTG_ID

USB_ID floating: client

DHCOM_USB_OTG_VBUS
DHCOM_USB_OTG_DM

DHCOM_USB_OTG_DP

The two DHCOM USB host interfaces share the two signals USB_PWR_EN and USB_PWR_STAT, i.e. the VBUS

voltages can only be switched on and off together. The following figure shows an example of a USB host connec-

tion:

USBVCC_A
UsBD-_A
USBD+_A

USBGND_A

UsBVCC_B
UsBD-_B
USBD+_B

USBGND_B

USB Type A 2x

Figure 26: USB host connection

3.12.3 USB OTG reverse current protection
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77
783
D 300R_100MH;
0603
2 1 veusa pa: BUsB -2 L
2 3 o1a Lo 2 L2 DHCOM_USB_HOST D2-
Z =
z 21 jo2a oz H 2 2 DHCOM_USB_HOST_D2
X7
8 4 5 L2
GNDA GNDB b60s
90R 100MH:
USBEBT Wuerth #744231091 RS R7
ca 15k 15k
=r=100n Ccs cs | co []oeos 0603
50v =470 =470 ==470
0603 300R_100MHz Tov | 1ov | tov
R Woerh #747792641 0805 | 0805 | 0805
XsR | XsR | XSR
GND GND GND GND  GND GND
77

DHCOM_USB_PWR_STAT

DHCOM_USB_PWR_EN

With USB OTG the possibility of device reverse powering exists if the B device (e.g. DHCOM USB OTG port) is not

powered up anymore and the A device (e.g. PC USB host port) continues to source power.
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This problem can be fixed with special reverse current protection USB power devices like the TI TPS25940 or

with special circuits like that shown in the next figure:

USB OTG Mini AB
VBUS 1 L
. L A FBZ  300R_T100MHz ‘ ‘ 5 . :JYUDHUUMH 0603 0805 0805 0805
; ;Hmé use_ID N uss 1o Woerth #744231091  GND_IN GND GND GND
SHLD4 SOT563 4 3 USB_OTG_DM
USE Type Wi AB = T - -
w SMD RMO.80 1= 2 UsB_OTG_oP

R
100k
0603

m
854202
so123

Figure 27: USB OTG reverse current protection

if USB_ID is low: host
—> support 500mA
if USB_ID is floating: client

Note: The transistors T1 and T2 ensure that voltage is only applied to the DHCOM mainboard via USB path, if the

module is also supplied with power (+3.3V is active on DHCOM mainboard).

3.13 Ethernet interface

A special feature of the DHCOM Ethernet interface is the voltage ETH_VIO_SWITCHED

Ethernet transmitter can be disabled in low power mode to save power.

The following figure shows an example of an Ethernet connection:

DHCOM_ETH_VIO_SWITCHED

. Using this voltage, the

DHCOM _ETH1_RXD. RXD-
R1 B
49.9 c1
0603 I s
I RXCT
R2 1000 0603 :
49 | 50V XR i
0603 .
DHCOM_ETH1_RXD+ RXD+
3
DHCOM_ETH1_TXD- ™@0-
R3
49.9
c2 :
0603 ) sR sR b
mer — — | s
R4 1000 0603 s
499 50V XR g5
0603 , o
DHCOM_ETH1_TXD+ ™+ T | 50
c3 c4 n 0603
=100n =100n Zf ne vellow A-LED/LI
50v 50v 14 K-LED/LI 2 DHCOM nTH1_SPEED100
0603 0603 T4 sH3 5
X7R X7R 39 SHLD2 Green A-LED/RE - DHCOM_nETH1_LINK_AKT
SHLD1 10
Worth 74990T121TTA
fovs) /77

Figure 28: Ethernet connection

K-LED/RE
R6
270
0603

GND

Note: The connection of the Ethernet LED outputs nETHT_LINK_LED and nETH1_SPEED_LED deserves special

attention:
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+3V3
A
Speed LED
FAN
R1
ETH1_SPEED_LED
270R
R2
ETH1_LINK_LED
270R
Link LED
PAN
GND

Figure 29: Ethernet LED connection

If the Ethernet LED pins are not used, they must nevertheless, as shown in Figure 29, have 10k pull-up and pull-

down resistors.
Background: In addition to their LED function, the Ethernet PHY LEDs are used as reset configuration lines.
Layout routing guidelines:

The Ethernet data lines are to be routed as differential pairs with lengths equalised to within 0.25 mm. Fur-

thermore, no stub lines may be connected to the data lines.

= Differential impedance: 100Q +15%

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

= Spacing to CLK signals: min. 1,5mm

= Maximum trace length between SODIMM-200 and magnetics: 100mm (keep it as short as possible)

=  Maximum via count: 2

= The 49.9 ohm pull-up resistors on the differential lines, DHCOM_ETH*_RXD+ and DHCOM_ETH*_TXD4,
must be placed within 10mm of the SODIMM-200 connector. This ensures the transmit path is identical be-
tween TX and RX.

= Keep the RJ45 connector and the magnetics as close as possible.

= Differential pairs” must be routed over a solid ground or VCC plane to maintain a controlled impedance
over the entire trace route.

= Aground plane should be placed under the TX/RX pairs between the ethernet PHY and
integrated RJ45 jack.

= A separate ethernet chassis ground should be placed under the RJ45 jack.

= The chassis ground should be connected to the rest of the PCB GND with capacitor stuffing

options, which is useful for determining which values and location will provide the best EMI performance.
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Board Edge

Chassis
¢ o
RJ45 connector
with integrated
magnetics

e %

Cc1 Cc2

Digital
GND

Figure 30: Ethernet Layout GND planes

3.14 Gbit Ethernet interface

Gbit Ethernet is available via RGMII interface on the high speed connector (DHCOM-X interface). The following

figure shows an example of a Gbit ethernet connection:

Ethernet PHY

+3.3v 433V FIL v Pl
+33VFIL 412V FIL PLL VRGMIl 412V
FB1 B2 V_RGMIl MODE[0:3]= 1111
- all capabilities enabled
c1 | c2 3008 100MH: cs | ca 300R_100MHz
==100==10u 0603 =100 0603
sov | 63V sov | 63V
0603 | 0805 0603 | 0805 A3 o] 3 | e
PLL P ul
T £$¢ 9 3 9399 )
sa % cza Pin CLK 125 EN
cs 6 883 88 & 288 K
imm, i S8¢ 2% 8 222 0 = Disabled 125MHz output
+1.2v +1.2V_FiL 50V 6.3V o 2 1 = Enabled 125MHz output
A
0603 | o805 il e A RXDO/MODEO |92
2 GNb  oND TRXM, A RXD1/MODE] |3
e B RXD2/MODE2
— 2 oee 8 RXD3/MODES |22
THRXME_B
A . S . LS 1 co B - RX_CLipHYAD? 22 ROMIRXCLK
sov | 63V sov | 63V B o— AL A 33
UESIIN SN RGMII_RY_CTL
S| e S| S s P povanzs o = -

R s——11] PR D INTN 2
an N e L) . Tok
oD CLK125_NDO;LED_MODE 1= s

+ + VRGMI  V_RGMIl  V_RGMIl
33V.FIL +33V_AL +33V_FIL G G o o 100 19 oo o042
T RGMILTIO1 701
i 21 R 0603
RGMILTID2 02
1 ci2 cis ) cis ci6 ML TXD? 277 102 4
=100 ==100n ==100n 1000 ==100n ={=100n RGMILTXD3 |7 ISET GO
s0v s0v s0v s0v 50V s0v 4 499k
RGMII_TXCLK
s | s | e oeos | s | sats g e— AT o |46
oo o oo N o oW % s al
ROMIMDC >3 Lo 0
PEE Y v v sy MDio » 1 LED SPEED =
4 e LED1/PHYADO ({5 {5 thg il
RESET_N PP LED2/PHYAD]
17 cis c19 c20 2 2 V_RGMII % & [
==100n ==100n ==100n 1000 =F=100n ==100n KSZ902TRN RN =2 M
50V 50V 50v 50V 50V 50V QFN49 - & 5 50V HC49/Us
0603 | 0603 _| 0603 0603 _| 0603 _| 0603 0603
GND ND GND GND GND GND 5‘7‘1 _
0603 GND
PHYADI[0]= 1
+LV AL+ AL RGMII_MDIO PHYAD[1 GND
PHYAD[2]= 1
25 c2
LG L ROMI_RST oND GND  oND  oND
s0v s0v
| o603 _| o603
G\b  GND Tshi Oscillator
P EEY R Y Level shifter
V_ROMI V_RoMII
A A
VRoMI 433V
R R12 R13 R14 V_RGMIl +3av
10k 10k 270 270
0603 | ] 0603 0603 0603 V_RGMII 31 32
1000 1000
TR A e 3 50v 50
0 Uror oo mtzore b2 - o 0603 0603 RGMII_REFCLK
PO KCLED/RE — oD SN
T e ALED/LI (3 g g
TR * Yellow TED SPEED
5 1 KLED/LI (2 >z
T c——#3 172+ FRERTIE o T
B AL 5 RGMIWOL_INT
R D 7 ] SWAACIT4SDCKR  R18
T 73+ S0
- 0603
5 15
X—o¥ vee SHIELDY |12
GND SHIELD2
N6
FAIT2IA
WE_ETH 74991111214
GND GND_IN

Figure 31: Gbit ethernet connection

High speed connector
(DHCOM-X) pin name

Description

Pin number

10 Type

Voltage level

RGMII_TXCLK

RGMII transmit clock, 125 MHz digital 2

Vrgmii
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RGMII_TXDO RGMII transmit data 0 4 0 Vrgmii
RGMII_TXD1 RGMII transmit data 1 6 0 Vrgmii
RGMII_TXD2 RGMII transmit data 2 8 0 Vrgmii
RGMII_TXD3 RGMII transmit data 3 10 0 Vrgmii
RGMII_TX_CTL RGMII transmit enable 12 0 Vrgmii
RGMII_RXCLK RGMII receive clock, 125 MHz digital 1 | Vrgmii
RGMII_RXDO RGMII received data 0 3 | Vrgmii
RGMII_RXD1 RGMII received data 1 5 | Vrgmii
RGMII_RXD2 RGMII received data 2 7 | Vrgmii
RGMII_RXD3 RGMII received data 3 9 | Vrgmii
RGMII_RX_CTL RGMII receive data valid 11 | Vrgmii
RGMII_MDC Management data clock 14 0 Vrgmii
RGMII_MDIO Management data 13 10 Vrgmii
RGMII_REFCLK MAC reference clock input (125MHz) 16 | Vrgmii
RGMII_RST PHY reset 15 0 Vrgmii
RGMII_INT PHY interrupt (active low) 18 I 3v3

RGMII_WOL_INT PHY Wake-on-LAN interrupt (active low) 17 | 3v3

V_RGMII Supply voltage output for external PHY |0 voltage 20 PWR_O Vrgmii

(max. 100mA)

Table 7: RGMII interface

Note: The RGMII_INT and RGMII_WOL_INT nets are using 3V3 voltage level.

RGMII Layout routing guidelines:

= RGMIl single ended impedance: 500 +15%

= RGMIl trace lengths equalised: within 0.25mm

= nostub lines

= Maximum trace length from DHCOM connector to ethernet PHY (RGMII interface): 60mm
= Spacing to CLK signals: min. 1.5mm

=  Maximum via count: 2

PHY to magnetics Layout routing guidelines:

= PHY to magnetics differential impedance: 100Q +15%

= Differential pair lengths equalised: within 0.25mm

=  Maximum via count: 2

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

= Max trace length between PHY and magnetics: 100mm (keep it as short as possible)

= Keep the RJ45 connector and the magnetics as close as possible

= Differential pairs” must be routed over a solid ground or VCC plane to maintain a controlled impedance
over the entire trace route.

= Aground plane should be placed under the TX/RX pairs between the ethernet PHY and
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integrated RJ45 jack.
= A separate ethernet chassis ground should be placed under the RJ45 jack.
= The chassis ground should be connected to the rest of the PCB GND with capacitor placement

options, which is useful for determining which values and location will provide the best EMI performance.

3.15PCle

The PCle Interface is available on the high speed connector (DHCOM-X interface). The DHCOM Standard fea-

tures only one PCle lane. The following figure shows an example connection to a mini PCle connector:

PCl Express Mini

33 RE -V
&
PCle_WAKE !
a ]
Totn 3| WS
Ao | CUERl
e — oLz
| | CLRRLE
Pzl LK i 1 7| GND1
3| REFELE
1l I 75| RFFCLK+
PCle_CLK- \wann|] GO
=53 7
. | MG L
‘n 3 IC | W DISAILL]
b i [ L ey
i) apy | (499 PE] P”"Ffw T fcerr our
osa || v R s ke
: 9
3 2403 126 570
G &0 o [
T Liss_D-
: L5E D
e ) e
[ ] TFTwFaN Sy aa
POl R e
i E
M v sz | S 1 |
o2 R7 I RE 1
Totu 100k ! 100k '
20 1.7 (el 1 (el |
) e 28] § i [ e
Pl Th- " W _ISARLE W_DISARLFE
| B A 5 339 3 —a
PCla T+ | - ! wa !
4 s fa) o7 e s o1 c1? 10k I 10k 1
Titu 168 160 L 1 o1 ==Tuin 100 403 ! 403 '
EOM Ao Sy o 50 B a0y 1 H
o8 1] 2403 2] 405 0 LELE R N vesy A I L N '
GND [0 e BNE GhD GhD

Figure 32: mini PCle connection

PCle Layout routing guidelines:

Max. frequency:
o Gen1: 1.25GHz
o Gen2:2.5GHz
= Differential Impedance: 100Q £15%
= Single ended impedance: 50Q +15%
= Trace lengths equalised within the diff. pairs: Tmm
= Trace length difference within a pair: 0.125mm
= no stub lines
=  Maximum trace length from SODIMM-200 connector to PCle slot connector: 100mm (keep it as short as
possible)

= Spacing to other signals (especially clock signals): min. 1.5mm

RO4 DOC_DHCOM-Design-Guide.docx Seite 34 / 54


http://www.dh-electronics.com/

DHCOM Design Guide DH electronics GmbH

= Pair-to-pair pitch: min. 0,5mm

= Maximum via count: 2

= Place the AC coupling capacitors as close as possible to the transmitter side.

= Differential pairs” must be routed over a solid ground or VCC plane to maintain a controlled impedance

over the entire trace route.

Notes:

= DHCM-iMX6-01D2:
The PCle reference clock PCIE_REFCLK+/- can’t pass PCle Gen2 compliance test. Therefore we rec-

ommend using external PCle 2.0/3.0 clock generator, like Silicon Labs SI52144-A01AGM.
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4  Cooling Solution

4.1 Description

This chapter relates to the DHCOM core modules, that need to be cooled during operation.

DHCOM CPU Module Cooling necessary?
i.MX25x No

AM35x No

i.MX6UL(L) No

AM335x Depends on application
i.MX6 Solo Depends on application
i.MX6 DualLite Depends on application
i.MXé6 Dual Yes

i.MXé Quad Yes

SD600E Yes

Table 8: Cooling necessary?

Modern multi-core CPUs such as the i.MX6 from NXP must have passive cooling. This results in the following

problems:

= Heat sinkis required
= Heat sink must be assembled on the hardware

= Additional material and manufacturing costs

For this reason, DH electronics GmbH uses an innovative cooling solution that is intended to avoid the above-

mentioned disadvantages.

The solution is dependent on the specific DHCOM core module and the SODIMM-200 connector used. These two
dependencies define the distance between CPU and Mainboard PCB. This distance is necessary, because the

heat of the CPU is transferred with a gap or copper pad to the Mainboard PCB.
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Figure 33: 5 Cent cooling solution

On the mainboard there are now two ways of distributing the heat with thermal vias:
1. Dissipation into the inner layers (GND)

The heat is led into the inner layers of a PCB (min. 4 layer PCB] via thermal vias. These inner layers are
flooded with copper. Typically, a connection is made to the GND or VCC supply. The entire PCB heats up via

these copper planes and therefore gives off the CPU heat into the surrounding area.

DHCOM core module

Nexus 5214HB80
(SODIMM200 H: 5,2mm)

Mounting screw

Mainboard

Socket height: 5,2mm
Distance between core module and mainboard: 2,88mm
Distance between CPU and mainboard: 0,8 —1,8mm

CPU

Copper or gap pad
Thermal paste
Thermal vias

Heat transfer
Inner layers

HE O B @ BB

Figure 34: Dissipation into the inner layers

Attention: Components on the mainboard PCB will be heated up with this solution.
2. Dissipation on the rear of the mainboard

If housing is available in the final application to which the heat can be dissipated, it would be possible to
lead the heat to the bottom of the mainboard PCB (thermal vias) and dissipate it with an aluminum or cop-

per block to the housing.
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DHCOM core module

Nexus 5214HB80
(SODIMM200 H: 5,2mm)

Mounting screw

Mainboard

Housing /Socket height: 5,2mm

Distance between core module and mainboard: 2,88mm

CPU Distance between CPU and mainboard: 0,8 — 1,8mm

Copper or gap pad
Thermal paste
Thermal vias

Heat transfer

O E m B =

Figure 35: Dissipation on the rear of the mainboard

4.2 Implementation

For the cooling solution it is necessary to provide a thermal copper area on the mainboard PCB which is con-
nected to the internal ground planes (dissipation into the inner layers] or to a second thermal copper area on
the bottom side of the PCB (dissipation on the rear of the mainboard). It is also necessary to provide steel spac-
ers on the mainboard for the final fixation of the core module.

Copper area for cooling

Soldermask )
solution (top layer)

PCB

Vias

GND plane \

VCC plane Connection to GND plane

Not connected to VCC plane

Copper area for cooling
solution (bottom layer)

Note: Area for heatsink or graphite foil connection.

Figure 36: Cooling solution - PCB layer stack

The position of the thermal copper area and steel spacers is shown in Figure 50: Mainboard Placement on page

47.

The following table shows the different distances between CPU and mainboard PCB.

| CPU Type | SODIMM-200 connector height |Distance between CPU and Mainboard |
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CPU Type SODIMM-200 connector height  Distance between CPU and Mainboard
AM335x 5,2mm 1,58mm
AM335x 9,2mm 5,58mm
i.MX6 Solo 5,2mm 1,43mm
i.MX6 Solo 9,2mm 5,43mm
i.MX6 DualLite 5,2mm 1,43mm
i.MX6 DuallLite 9,2mm 5,43mm
i.MX6 Dual (metal housing]) 5,2mm 1,03mm
i.MX6 Dual (metal housing]) 9,2mm 5,03mm
i.MX6 Quad (metal housing) 5,2mm 1,03mm
i.MX6 Quad (metal housing) 9,2mm 5,03mm

Table 9: CPU to mainboard distance

For the next step it is necessary to select a suitable TIM (thermal interface material) for the CPU used and

SODIMM-200 connecter.

. Copper pad
CPU Type SODIMM-200 connector height hei‘;‘:‘t P Gap-Pad
i.MX6 Solo 5,2mm 1,25mm 19x19mm Bergquist GP3500ULM-G-0.080-12
i.MX6 DualLite 5,2mm 1,25mm 19x19mm Bergquist GP3500ULM-G-0.080-12
i.MX6 Dual [metal housing) 5,2mm 0,85mm 19x19mm Bergquist GP3500ULM-G-0.060-12
i.MX6 Quad (metal housing) 5,2mm 0,85mm 19x19mm Bergquist GP3500ULM-G-0.060-12

Table 10: TIM material

4.2.1 Copper Pad

When using a copper pad as thermal interface material (TIM), a thermally conductive paste is necessary to min-
imize the thermal resistance between CPU and mainboard PCB. Therefore DH electronics recommends heat
transfer compound from RS components (ltem number: 554-311). The proper implementation of the heat
transfer compound is shown in the following images (Figure 37 and Figure 38). After the application of the heat
transfer compound the CPU-carrier board must be pushed down in the centre (illustrated in Figure 39) into the

SODIMM-200 connector.
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Figure 39: Core module push down area
4.2.2 Gap-Pad

Instead of a copper pad DH electronics also recommend the usage of Bergquist GP3500 ULM. Notice that the

Young's modulus of the GP3500 ULM is very low in comparison with other suitable gap-pads for this purpose.
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This calls for low mechanical tension on the main PCB and CPU-carrier board. The proper implementation of
the gap-pad is shown in Figure 40. After the application of the gap-pad the CPU-carrier board must be pushed

down in the centre (illustrated in Figure 39) into the SODIMM-200 connector.

Important: Don’'t remove the core module after assembly process! In this case a new gap-pad must be used.

=
Aja

........................ ,...........-......‘.:..al..L-aA...n.-“-.m..«unlm. l

Figure 40: Apply Gap-Pad
4.3 Comparison gap-pad to copper pad

The impact of the different thermal interface implementations on the heat management of the CPU is shown in

the bar charts (Figure 41, Figure 42) below.

i.MX6 Quad
(metal housing)
70 T T
60 67°C
50

CPU temperature with-

© .
5 4 out cooling: 97.5°C
o —

g P

Q

g 30 "Standard” "Gap‘Pad" ATCooUngSoLulion=30.5°c
& copper-pad 3500 ULM

See 4.5 Test conditions

for measurement de-

U
a . .
scription.
[ AT 6 ma P

1 2
measurement

Figure 41: thermal management i.MX6 Quad
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Because of the following advantages DH electronics would recommend the usage of a gap-pad instead of the

copper pad:

= Easier to assemble

= No aging (instead of thermal paste)

= Compensates tolerances better than thermal past and copper pad
= Easydisassembling

i.MX6 DualLite
60 T T

50 58°C

40 CPU temperature with-

"Standard" "Gap-Pad"
copper-pad 3500 ULM

out cooling: 84.5°C

temperature
[*C]
8

ATCooUngSoLutlon=26.5°c

20
See 4.5 Test conditions

for measurement de-

.
: AT[I‘:‘XS-[B
1 2
measurement

scription.

Figure 42: thermal management i.MXé DualLite
4.4 Further cooling possibilities

If further cooling of the CPU is required:

= Highly thermal conductive graphite foil [PGS) offers an easy and effective method of improving the heat

dissipation from the CPU.

The application of graphite foil to the bottom side of the mainboard PCB (improves the temperature spread) is
illustrated in Figure 43. The experimental assembly on which the measurements are based is shown in (Figure

44).
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i.MX6 Quad
(metal housing)
70 T T
60
67°C
50 62°C
CPU temperature with-
[
5 40 out cooling: 97.5°C
50
o "Standard" “Standard"
E 30 copper-pad ;::t’:]per-pad ATCuolingSululmn=35.5°c
graphit foil

20 .
See 4.5 Test conditions

for measurement de-

b
a
scription.
D ATIIMKG-Y& p
1 2
measurement

Figure 43: Thermal impact PGS foil (i.MX6 Quad)

Panasonic
Self-adhesive graphite foil
Thickness = 25um
Typ: EYGA091203A

Figure 44: Experimental assembly

Another thermal improvement is possible by using the graphite foil as “thermal bridge” to an extern heat sink

or housing. The results are shown in Figure 45. The measured assembly is shown in Figure 46.
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i.MX6 Quad
(metal housing)
70 T T I
.
60 67°C I: ATI’IMXG-Ta H
62°C
50 7
56°C
o
% S W i CPU temperature
aé. o without cooling: 97.5°C
% copper-pad
ppe e copper-pad ATCoollngSoluHon=41.5°c
20 F with o with |
graphit foil graphit foil
and See 4.5 Test conditions
10 externgl 7 for measurement de-
heat sink
scription.
0
1 2 3
measurement
Figure 45: PGS foil as thermal bridge
Panasonic
Non-adhesive graphite
foil
Thickness = 100pm
Figure 46: Carrying the heat
Mounting plate
100um Graphite Core Module PCB SODIMM
foil for mounting socket
plate connection Thermal paste Copper pad ‘
l LLDTIRTTURTTTTATIINTIE  wmainboard PcB
Graphite foil on the Vias
bottom side of the
mainboard PCB
Figure 47: Graphite foil to mounting plate connection
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In general graphite foil can be used in a variety of different implementations. For further information please

read the Panasonic datasheets (Basic Properties and Application Examples of PGS Graphite Sheet).

4.5 Test conditions

All above described measurements are done with the same test conditions:

= Linux Vendor Kernel 3.10.17 for DHCOM i.MX6
=  PMIC support and DVFS activated

= CPU clock frequency: 800MHz
o echo 800000 > /sys/devices/system/cpu/cpul/cpufreq/scaling max freq
o echo 800000 > /sys/devices/system/cpu/cpul/cpufreq/scaling max freq

o
= Running stress-ng test to produce CPU load
o QuadCore: stress-ng --cpu 4 --vm 1 --vm-bytes 128M -v
o Duallite: stress-ng --cpu 2 --vm 1 --vm-bytes 128M -v
* Running direct GLX demo (glxheads) from Xfce desktop to generate GPU load

= CPU temperature measurement is done with the i.MXé internal temperature sensor

o cat /sys/class/thermal/thermal zoneO/temp
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5 Mechanical

5.1 Fixation

1. Without cooling connection and high-speed connector (DHCOM-X)

With a DHCOM standard module, attachment with screws is not necessary, but can take place using the fol-

lowing holes for special usage cases:

o O

\ 7

) DHCOM Standard Module C

Figure 48: DHCOM attachment

2. With cooling connection or high-speed connector (DHCOM-X)

With a DHCOM-X (with high-speed connector] core module or with DHCOM cooling solution, attachment is
needed in order to ensure that the contacting of the Molex connector or/and the thermal connection to main-
board is provided, i.e. it must be screwed on at the attachment points (see locations marked in red in the follow-

ing drawing).

O O

N\ 7

) DHCOM-X Standard Module C

Figure 49: DHCOM-X attachment

The position of the steel spacers is shown in Figure 50: Mainboard Placement on page 47.
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5.2 Mainboard Placement

49,35 -
19,65 | 1495

Pin 199

Pin 200

32,85 (54

==

y Y

o

9 ) —_— Y
y 1

Copper pad (*)

High speed connector

Fixation Pad (**)

* Copper pad without soldermask and 100 thermal vias or more.
** Fits to Wuerth Steel Spacer M2x3mm (part number 977 403 024 3)
for SODIMM-200 (5,2mm hight)

Figure 50: Mainboard Placement
5.3 Carrier Board Space Requirements

The required PCB area for the module is depended to the DHCOM module. Two different sizes are available:

= DHCOM standard size: 67,6mm x 36.7 mm (length x width)
= DHCOM extended size: 67,6mm x 45.7 mm (length x width)

DHCOM CPU Module Size

i.MX25x DHCOM standard size
AM35x DHCOM standard size
i.MX6UL(L) DHCOM standard size
AM335x DHCOM standard size
i.MXé Solo DHCOM standard size
i.MX6 DualLite DHCOM standard size
i.MX6 Dual DHCOM standard size
i.MX6 Quad DHCOM standard size
SD600E DHCOM extended size

Table 11: DHCOM module size overview

Notes:

=  The placement for high speed connector, cooling pad and fixation points is for both sizes the same.
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DHCOM extended size module can be used in PDK2 evaluation board.

DHCOM extended size module can NOT be used in combination with picolTX2 board.

The following figure shows the DHCOM dimensions of both available sizes:

201
> |-
63.6
/
DHCOM extended size
O DHCOM standard size Q

45.7

42014 ) Top View

See Detail A
Sl

Pin1 Pin39 (] Pin1

25 | CIOONC0IR

0.6x79=47.4
I
15.35 |
67.640.15
Detail A
4.2 '
24 :
- 1£0.1 > JT(’,gs
+0.03
06x19= 1.2
11.4
245, 5 0.6x79=47.4

=

Q
|

T [II]I]I]ZI]HU[I[II]I]Hﬂ[II]I]I]I][[[]H[II]I]I]I][]U[II]I]I]HI]H[I[II][I[H]H[II]I]I]I]I][][I[II]I]HI]UH[II][IHI]HH[II]I]
Pin40\J Pin4;

Pin2

Bottom View

Cooling area

High speed connector

Dia. 2.1

Pin200

125 ‘ 49.35
1

Figure 51: DHCOM dimensions
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6 System voltages

Voltage i.MX25 i.MX6UL(L) | AM35x AM335x i.MXé6 SD600E
VCC (Vin) 3.3V -5.5V 3.3V -5.5V 3.3V -5.5V 3.3V -5.5V 3.3V -5.5V 3.3V -5.5V
Vbat 1.3V -4.0V 1.3V -4.0V 1.3V - 4.0V 1.3V -4.0V 1.3V - 4.0V 1.3V - 4.0V
Vsysbus 1.8V - (3.3V) 3.3V - (3.3V) 3.3V - (1.8V])
Vaisp 3.3V 3.3V 3.3V 3.3V 3.3V 1.8V
Veam 3.3V 3.3V 3.3V 3.3V 3.3V 1.8V
Vio 3.3V 3.3V 3.3V 3.3V 3.3V 1.8V
VETH_VIO_SWITCHED 3.3V 3.3V 3.3V 3.3V 3.3V 1.8V
USB_O0TG_VBUS 5.0V 5.0V 5.0V 5.0V 5.0V 5.0V
Table 12: Voltage groups
For power supply limitations, please see the DHCOM module user manual.
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7 PDK Display adapter interface

The display adapter interface of the DHCOM Premium Developer Kit can be used to connect any display via a
newly developed display adapter board. The circuit diagram symbol of the display adapter connector for OrCAD

capture can be downloaded from the following link:

http://xlon.de/wiki/images/4/4a/DHCOM schematic symbol R02.zip
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DHCOM display adaptor
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Figure 52: Display adapter circuit diagram symbol
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8 Schematic

8.1 SODIMM-200

The circuit diagram symbol of the SODIMM-200 connector for OrCAD capture can be downloaded from the fol-

lowing link:

http://xlon.de/wiki/images/4/4a/DHCOM schematic _symbol R02.zip
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Figure 53: SODIMM-200 circuit diagram symbol
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8.2 High speed connector (DHCOM-X)

The circuit diagram symbol of the Molex high speed connector (DHCOM-X] for OrCAD capture can be download-

ed from the following link:

http://xlon.de/wiki/images/4/4a/DHCOM schematic_symbol R02.zip
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Figure 54: High speed connector circuit diagram symbol
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9 Connectors

9.1.1 SODIMM-200 (DHCOM)
A DHCOM standard module is designed for use in a 2.5V DDR2 SODIMM-200 memory socket.

DHCOM-X note: DHCOM-X contacting is only possible in combination with a 5.2 mm SODIMM-200 connector.

The following SODIMM-200 sockets have been tested and approved:

Manufacturer Description Article number

214HB52
Nexus Components L Plug height: 5.2 mm 5 5

http://www.nexus-de.com/

= Max. main board component height below the module: 1.0 mm
E-tec Interconnect . Plug height: 5.2 mm DMD-200-RSE9-55
http://www.e-tec.ch/v3/ . Max. main board component height below the module: 1.0 mm
Tyco Electronics L Plug height: 5.2 mm 1473005-1

http://www.tycoelectronics.com

o Max. main board component height below the module: 1.0 mm

59354-052FSLF
FCI = Plug height: 5.2 mm

http://www.fci.com

- Max. main board component height below the module: 1.0 mm
Nexus Components . Plug height: 9.2 mm 5214HB52
hitp://wviw.nexus-de.com/ - Max. main board component height below the module: 5.0 mm
E-tec Interconnect DMD-200-RPE9-55

- Plug height: 9.2 mm
http://www.e-tec.ch/v3/

- Max. main board component height below the module: 5.0 mm

i 16126181
Tyco Electronics = Plug height: 9.2 mm 612618

http://www.tycoelectronics.com

- Max. main board component height below the module: 5.0 mm

Table 13: SODIMM-200 sockets

9.1.2 Molex (DHCOM-X)

A Molex (http://www.molex.com/) SlimStack connector is provided for contacting the DHCOM-X connector. DHCOM-

X contacting is only possible in combination with a 5.2 mm SODIMM-200 connector. A 9.2 mm high SODIMM-200
socket cannot be used for DHCOM-X.

SODIMM-200 socket height| Description Article number
5.2mm 0.50mm Pitch SlimStack™ Plug, Surface Mount, Dual Row, Vertical, Molex

3.00mm Stack Height, 80 Circuits 53748-0808
9.2mm Not available Not available

Table 14: DHCOM-X sockets
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9.1.3 JTAG
The JTAG connector is placed on the DHCOM core module and can be contacted with a 10-pin FFC cable.

Manufacturer Description Article number

Wouerth Elektronik 0.50 mm flat flexible cable Type 1 WR-FPC 687 610 050 002

http://www.we-online.com

Molex 0.50mm flat flexible cable Type A 982660097

http://www.molex.com/

Table 15: FFC Cable
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