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1 Introduction

11 Overview

This document guides users through the development of a customized carrier board for the Aquila
System-on-Module (SoM) family. It describes the different interfaces of those modules and provides
reference schematics as well. The document highlights standardized features of Aquila SoMs (compati-
ble between different modules). “Module-specific” interfaces, features, and alternate functions are not
detailed in this document. These interfaces are detailed in the respective datasheets of Aquila SoMs.
Some Aquila modules may not feature the complete set of the "Reserved" interfaces. It is strongly rec-
ommended always to read the datasheet of the module that is intended to be used with an off-the-shelf
or a custom carrier board.

Aquila modules feature high-speed interfaces such as PCI Express, DisplayPort, MIPI CSI, and MIPI DS,
requiring special layout considerations regarding trace impedance and length matching. Please read
the Toradex Layout Design Guide carefully for additional information on the routing of these interfaces.
111 Layout design guide

This document contains layout requirement specifications for high-speed signals and helps to avoid
layout-related issues.

https://developer.toradex.com/carrier-board-design

11.2 Aquila module datasheets

For every Aquila Module, there is a datasheet available. Among other things, the datasheet describes
the "Module-specific” interfaces and secondary functionalities of pins. Before starting the development
of a customized carrier board, please check these documents to verify if the required interfaces are
available on the selected modules.

https://www.toradex.com/computer-on-modules/aquila-arm-family

11.3 Aquila family specification

This document describes the Aquila Module standard. It provides information on the mechanical and
electrical properties of Aquila modules, in addition to functionalities and interfaces provided by those
modules.

https://developer.toradex.com/hardware/aquila-som-family/aquila-family-specification/

11.4 Toradex developer Center

You can find a lot of additional information in the Toradex Developer Center, which is updated with the
latest product support information regularly.

Please note that the Developer Center is common for all Toradex products. You should always check to
ensure if the information is valid or relevant to the Aquila modules.

https://developer.toradex.com/

11.5 Agquila reference designs

Schematic files, assembly drawings, bills of material, and the complete Altium project files for the
Aquila3 reference carrier boards are available for download for free. There is also an online viewer
available, convenient for customers without a license for Altium.
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https://developer.toradex.com/carrier-board-design/reference-designs

11.6 Pinout designer

The Toradex Pinout Designer is a powerful tool for evaluating different pin multiplexing options for
Toradex SoMs.

The tool allows comparing interfaces across different modules as well.

https://developer.toradex.com/carrier-board-design/pinout-designer/
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2 Interfaces

21 Architecture

The block diagram in Figure 1 shows the basic architecture of the Aquila module, depicting the "Always
Compatible” interfaces, “Reserved” interfaces, and some examples of “Module-specific” interfaces.

Figure 1: Aquila SoM block diagram
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Features of Aquila modules are split into three distinct groups: “Always Compatible”, "Reserved”, and
“Module-specific".

"Always Compatible” interfaces are features that shall be present on each SoM in the Aquila Family.
Customers can expect upgradeability and maximum scalability.

"Reserved” interfaces are features that are defined and reserved but possibly missing on some Aquila
SoMs. The reason for that could be that a certain SoC does not feature an interface, or there is an
assembly option that omits certain interfaces for cost optimization purposes. Replacement pins must be
electrically compatible with the functionality specified. This means that any Aquila SoM can be inserted
into any Aquila carrier board without risking damage to the module or the carrier board (caused by
electrically not-compatible pins).

A "Module-specific” feature is a feature that is not guaranteed to be functionally or electrically com-
patible across Aquila modules. Suppose a carrier board design uses such features. In that case, it is
possible that other modules in the Aquila module family do not provide these features and instead pro-
vide other features on the associated pins. In this case, Aquila modules that are suitable for being used
together with the carrier board design may need to be restricted. An incompatible SoM/carrier board
combination may disable any/all functionalities or even damage the SoM or the carrier board. Using
or relying on functionalities provided on "Module-specific” pins or interfaces in the context of a carrier
board could make upgrades to other Aquila modules impossible.

See the Aquila family specification’ for more information about interface groups.

Thttps://developer.toradex.com/hardware/aquila- som-family/aquila- family-specification/
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2.2 PCIlExpress

Aquila module form factor features one PCle x1 lane as "Always Compatible"” interface. It can be com-
plemented with second lane, which belongs to “Reserved” class (which means it's not available in all
Aquila modules). Additionally there is one PCle x2 lanes interface in "Reserved"” class. Depending on
the module, there may be additional lanes available in the "Module-specific” area.

Table 1: PCle pins

Aquila specification

Aquila pin signal name Power rail  Description
D36 PCIE 1 CLK_P (6] PCle PCle 100MHz reference clock output positive
D37  PCIE_1_CLK_N (0] PCle PCle 100MHz reference clock output positive
C40 PCIE_ 1 _LO_RX_P | PCle PCle LO receive data positive
4 PCIE_1_LO_RX_N | PCle PCle LO receive data negative
D39 PCIE_1_LO_TX_P (6] PCle PCle LO transmit data positive
D40 PCIE_1_LO_TX_N (6] PCle PCle LO transmit data negative
C43 PCIE_1_L1_RX_P | PCle PCle L1 receive data positive
c44 PCIE_1T_L1_RX_N | PCle PCle L1 receive data negative
D42 PCIE_1_L1_TX_P (@] PCle PCle L1 transmit data positive
D43 PCIE_T_L1_TX_N (0] PCle PCle L1 transmit data negative
C36  PCIE WAKE# I CMOS 1.8V PCle wake signal
C37  PCIE_1_CLKREQ# I CMOS 1.8V PCle Clock Request signal
C38 PCIE_1_RESET# (6] CMOS 1.8V Dedicated PCle reset output

Reference schematics

The PCle schematic differs depending on whether the PCle device is soldered directly to the carrier
board (device-down) or is located on a PCle card. Special care needs to be taken to determine whether
AC coupling capacitors are required. The maximum trace length of the lanes depends on whether the
design is for an external card or a device-down.

Every PCle lane consists of a pair of transmitting (TX) and receiving (RX) traces. Unfortunately, the
names RX and TX can be confusing as the host transmitter needs to be connected to the receiver of
the device and vice versa. Usually, the signals are named from the host's perspective until they reach
the pins of the PCle device. Therefore, the Aquila modules’ transmitting pins should be called TX at the
carrier board, while the module's receiving pins should be called RX. Please carefully read the datasheet
of the PCle device to make sure that RX and TX are not inadvertently swapped.

PCle reference clock

PCle devices need a 100MHz reference clock. It is not permitted to connect a reference clock to two
device loads. The Aquila module provides one reference clock output as a "Always Compatible” and one
as "Reserved” interface.

There may be additional PCle reference clock outputs in the “Module-specific” area. If there are not
enough PCle reference clocks available (e.g., if a PCle switch is used or the PCle interfaces in the
“Module-specific" area do not provide additional clock outputs), a zero-delay PCle clock buffer is re-
quired on the carrier board. Some PCle switches feature an internal PCle clock buffer, eliminating the
need for a dedicated clock buffer.
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2.21 PCle x1/x4 connector schematic example

For a regular PCle slot connector, no additional decoupling capacitors are permitted to be placed on the
carrier board in the RX, TX, and reference clock lines. The decoupling capacitors are located on the
module and the PCle card.

Figure 2: PCle x1 connector example
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Aquila Module Carrier Board PCle Card
Figure 3: PCle x4 connector example
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Aquila Module Carrier Board PCle Card

The Aquila module standard features a dedicated PCle reset. This reset (PCIE_I_RESET#) should be used
to guarantee the power ramp-up timing requirements of PCI Express. Since the PCle slot connector has
a 3.3V logic level and the PCIE_1_RESET# output of the module is only 1.8V, a level shifter is required.
Please note that the Aquila module standard does not support PCle hot-plug functionality.

The PCle x1 slot connector has two card present signals (PRSNT1# pin A1 and PRSNT2# pin B18) that
are shorted to ground by the card (if it is inserted). Since the Aquila standard does not feature the
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PCle hot-plug feature, these pins can be left unconnected or connected to any free module GPIOs if the
presence detection of the card needs to be emulated.

The wake output of the PCle slot (WAKE#, pin B11) can be connected to the general wake input of the
Aquila module (CTRL_WAKET_MICO#). Wake-up-capable PCle cards such as Ethernet cards can use
this signal to wake up the module from the suspend state. The WAKE# signal of the PCle card slot is
an open drain type. Therefore, no level shifter is required if the signal is pulled up to 1.8V on the carrier
board and not to 3.3V.

The JTAG interface on the PCle slot can be left unconnected. This interface is only used for debugging
purposes. No termination on the carrier board is needed.

The PCle slot pin-out features an SMB interface for additional power management control. As the SMB
and 12C buses are compatible from a hardware perspective, it is recommended that the general-purpose
[2C_2 interface of the Aquila module is used if the SMB interface is needed. Most PCle cards do not make
use of the SMB interface. Therefore, these pins can be left unconnected for most applications. Please
note that the SMB interface has a logic level of 3.3V while the 12C_2 has 1.8V. Therefore, a bidirectional
level shifter is required.

According to the PCle specifications, the regular +3.3V supply rail (pin A9, A10, and B8) and the +12V
(pin A2, A3, B1, and B2) are required to be provided. The +3.3Vaux is optional. However, the +3.3Vaux
must be supplied to the PCle add-in card slot if the platform supports the wake features (WAKE#).

Not all PCle cards need a +12V supply. It might be challenging for a battery-powered system or a carrier
board with a wide voltage input range to generate a regulated 12V rail. In this case, we recommend
checking with the PCle card(s) manufacturer to determine if the +12V supply is required. Please note
that omitting the +12V violates the PCI Express specifications and makes the design incompatible with
some add-in cards.

2.2.2 PCle x1/x2 device-down schematic example

Figure 4: PCle device down example
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2.3 Ethernet

The Aquila module standard features up to six Ethernet interfaces. There is a media-dependent Gigabit
Ethernet port on the "Always Compatible” interfaces with the Ethernet PHY on the module. A second
Ethernet interface is available as Serial Gigabit Media-Independent Interface (SGMII) as a "Reserved”
interface, and up to four “Module-Specific" SGMIl interfaces are available on some modules. Maximum
speed of this interface depends on the module. The SGMII requires a PHY to be placed on the carrier
board and uses multiple media types for the physical link layer.

2.31 Media-dependent port

2.3.11 Media-dependent ethernet signals

Table 2: Media-dependent ethernet signals

Aquila specification
signal name

Aquila pin

Type Power rail Description

1000Base-T: DA+

AB8  ETH_1_MDIO_P Vo ATEIEE] 10/100Base-TX: Transmit +

ABY ETH_1_MDIO_N 70 Analog 18?10(?(?5:;:—%?:-Transmit -

A92  ETH1 MDINN /o Analog 18?10(;3(?5551—%? Receive -

A94  ETH_ 1 MDI2_P 110 Analog e T D used

A95  ETH_1_MDI2_N 110 Analog ]89?5;;:;:2;%“56 q

A97  ETH_1_MDI3_P /O Analog e T used

A98  ETH_1_MDI3_N 1/0 Analog ]89?5;;:;:_%2'Unuse q

A99  ETH_1 LED_1 (e} oD 3.3Vtolerant  LED indication output for activity on the Ethernet port
A100 ETH_1_LED_2 (6] oD 3.3V tolerant LED indication output for established Ethernet link
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2.31.2 Media-dependent ethernet reference schematics

Figure 5: Gigabit Ethernet schematic example - integrated magnetics
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Figure 6: Gigabit Ethernet schematic example — discrete magnetics
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Figure 7: Fast Ethernet schematic example — integrated magnetics
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2.3.1.3 Capacitive coupling of media-dependent interfaces
Figure 8: Capacitive coupling of media-dependent interfaces
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2.31.4 Ethernet schematic examples

Aquila Module 1

Figure 9: Aquila-Aquila Ethernet connection
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Figure 10: Aquila-Verdin Ethernet connection
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Figure 11: Aquila-Colibri Ethernet connection
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2.3.2 Serial Gigabit Media-Independent Interface Ethernet Port

In addition to the Media Dependent Ethernet port, the Aquila family provides a second Ethernet port in
the "Reserved"” category. However, this secondary portis provided as a Serial Gigabit Media-Independent
Interface (SGMII). This means only the Ethernet MAC (Medium Access Control) is on the module. The
PHY (physical layer) needs to be on the carrier board. This allows for additional flexibility in choosing
the suitable transport medium (e.qg., fiber-optical cable).

The Serial Media-Independent interface may support different speed standards. Please check the mod-
ule datasheet for details.

Besides the SGMII, there is a Management Data Input/Output interface (MDIO) for managing the PHY on
the carrier board. Some Aquila modules maybe share the interface with the on-module Ethernet PHY.

In these cases, special care must be taken to address the carrier board PHY does not conflict with the
on-module PHY address.

2.3.21 xSGMill Signals

Table 3: xSGMII signals

Aquila specification

LCUTER ] signal name Type Power rail  Description
B87 ETH_2_SGMII_TX_P (0] Analog Serial Gigabit Media-Independent Transmit pair - Positive
B86  ETH 2 SGMII_TX_N o Analog Serial Gigabit Media-Independent Transmit pair - Negative
B84  ETH_2_SGMII_RX_P | Analog Serial Gigabit Media-Independent Receive pair - Positive
B83  ETH_ 2 SGMII_RX_N | Analog Serial Gigabit Media-Independent Receive pair - Negative
B90 ETH_2 SGMII_MDC (0] CMOS 1.8V Management interface clock (output from MAC)
B89 ETH 2 SGMII MDIO /0 oD 18V ll;/lc?ar}?j%ement interface data (bidirectional, needs pull-up on carrier
B81  ETH_2 SGMII_INT# oD 1.8V Optional interrupt, requires a pull-up on the carrier board
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2.4 USB

The Aquila specifications contain two USB ports. One port is a Dual Role Port that can be configured
as a host or client. This port is usually used in the recovery mode for loading new software onto the
module. The second port supports host mode only. Both ports can support the low, full, and high-speed
modes of the USB 2.0 specifications.

There are two USB-SS interfaces available in the "Reserved"” class. USB_1is 2-lane interface with USB
mux integrated on the module or directly into the SoC. It requires additional USB-C controller on the
carrier board for providing cable orientation data or link capabilities. 12C_1 interface is reserved for
communicating with this controller.

USB_2 is 1-lane USB-SS interface that can be used for USB 3.0 port or to connect external hub. Please
check availability in the module documentation.

Table 4: USB availability

1.5 Mbit/s 12 Mbit/s 480 Mbit/s 5 Gbit/s 10 Gbit/s
Aquila USB port Low Speed  Full Speed High Speed SuperSpeed SuperSpeed DRP
(1.1) 1.1) (2.0) (3.x) (3.x)
USB_1 yes yes yes yes yes yes
USB_2 yes yes yes yes no no

2.41 USB signals

Table 5: USB signals

Aquila specification

Aquila pin signal name Type Power rail  Description
A70 USB_1.D_P 1/0 USB Positive differential USB signal, DRP capable
A71 USB_1.D_N 1/0 USB Negative differential USB signal, DRP capable
A62 USB_1_SSRX1_P | USB USB-SS Receive 1 positive signal
A61 USB_1_SSRX1_N | usB USB-SS Receive 1 negative signal
A74  USB_1 SSRX2_P | USB USB-SS Receive 2 positive signal
A73 USB_1_SSRX2_N | usB USB-SS Receive 2 negative signal
A64  USB 1 SSTX1_P (6] USB USB-SS Transmit 1 positive signal
A65 USB_1_SSTX1_N (6] usB USB-SS Transmit 1 negative signal
A76 USB_1_SSTX2_P (6] USB USB-SS Transmit 2 positive signal
A77 USB_1_SSTX2_N (6] usB USB-SS Transmit 2 negative signal
B76 USB_1_VBUS | CMOS 5V tolerant Bus voltage detection in the DRP client mode
B77  USB_1_EN o CMOS 1.8V Enable signal for the bus voltage output in host mode
B75 USB_1_OC# | oD 1.8V Overcurrent input signal
B74  USB_1_INT# | oD 1.8V Interrupt input (from CC controller)
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2.4.2 USB-C DRP -Dual Role Port
Figure 12: USB-C SuperSpeed DRP
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Figure 13: USB-C High Speed downstream-facing
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Figure 14: USB-C SuperSpeed downstream-facing
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2.4.4 USB-C UFP - Upstream Facing Port
Figure 15: USB-C High Speed upstream-facing
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2.4.5 USB-A Host
Figure 16: USB-A High Speed Host
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Figure 17: USB-A SuperSpeed Host
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2.4.6 USB Micro-B Client
Figure 18: USB Micro-B High Speed Host
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2.4.7 USB device down (without connector)

Figure 19: USB High Speed device down client
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2.5 DisplayPort

Figure 20: DisplayPort reference schematic
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2.6 MIPIDSI - Display Serial Interface

The Digital Serial Interface (DSI) is specified by the Mobile Industry Processor Interface Alliance (MIPI)
and is available as a "Reserved" interface on the Aquila module specifications. The interface targets to
connect high-resolution displays with low energy consumption. The interface is intended to be used for
internal displays with shorter cable lengths.

The interface consists of a differential pair bit clock and between one and four differential data signal
lanes. While the data lanes 1to 3 are traveling from the module to the display, the lane O is bidirectional.
This lane is capable of a bus turnaround (BTA) for commands. In the low power mode, the separate
clock signal is disabled. The clock is then embedded into the data lanes. However, image data can only
be sent in the high-speed mode, which also uses the external clock signal.

2.6.1 MIPIDSI signals

Table 6: MIPI DSI signals

Aquila pin  Aquila specification signal name

A38 DS 1_CLKP
A37  DSI_1_CLKN
A44  DSI_1_DO_P

A43  DSI_1_DO_N

A41  DSI1.DI1_P

A40  DSI_1_D1_N
A35  DSI1.D2.P

A34  DSI_1_D2_N
A32  DSI1.D3.P

A31  DSI_1_D3_N

B41  12C_3_DSI1_SCL
B40  12C_3_DSI1_SDA
B46  PWM_3_DSI

B42  GPIO_17_DSI_1
B43  GPIO_18_DSI_1
B44  GPIO_19_DSI_1

B45  GPIO_20_DSI_1
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2.6.2 MIPIDSI reference schematics
Figure 21: MIPI DSI to HDMI reference schematic
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Figure 22: MIPI DSI to LVDS reference schematic
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Figure 23: MIPI DSI to parallelRGB reference schematic

L w12
RUE I l _[ l l 220R@100MHz
r— ’ o c8 =FC15 C16 T=C17
220R@100MHz Lo Leg Lon Ler Lers Leq I}g‘rf I}g"JI"F I}g\"f I}ggﬂF
100nF | 10nF 10nF 100nF 10nF 100nF
16v 16v L1ev | 16v 16v |16V GND  GND GND GND- o +V12
L1 f B
L aoomay +—t l J_ 220R@100MHz
220R@100MHz c18 TC19 C21 TFC26
100nF | 10nF 10nF | 1000F
16V | 16v 16v |16V
we TC358867XBG
$—{B00mA}
220R@100MHz Tcor xcom +2— VDD_DP13 DPLNPO ¢
100nF | 10nF VDD_DP18 ppLmo K2
an” an &
7 zg VDD_PLL18 DPLNP1 %ﬁ
VDD_PLLO12 DPLNM1 (KE.C
L L LI I 1 A5 ’
220R@100MHz €22 TC23 TFC24 TC25 44— Vooe
1000 | 10nF | 100nF | 10nF L2 [ ypoc
16 16V L6 Liev _Liev £l ypp_psi2 DPAUXP faries(
12¢_3 DSI SDA 240 GND GND GND GND K4 ypp_pp12 DPAUXM 1aKE.]
0SLS0A 1o o807 —r 2
12¢_3 psi_scL B4 + VDD_DP12
DSl 1 D0 P DIFF100 552 B2, | peiono agen | LCD 1 B0
DSI 1 DO N DIFF100. 3= 81| peiomo P D1 |85 LCD 1B
DSI 103 N | A3 DSI1D3IN DPI D2 |86 LCD 182
T oip A2 DSI1D3IP DSl 1 D1 DIFF100 = €2, peiops DPI D3 |l _LCD 183
DSL1D3P DSI 1 D1 DIFFI00. = G| peinmt DI Ds |aBL_LCD 184
DS b2 N psiioke  oprmle m D o e
bsL1.p2p NDSI 1 CLk N DIFF100. 2= D10] pojom oo LcD 1 B7
A37_DSI 1 CLKN DPFDB 1 51(] LCD 1 GO
A3 DSI1 CLKP DSI1D2P D100 K% B2 | pornn P D9 LaGe_LCD 1 61
DSI1 D2 N DIFF100. 0= F1.| peiovz Pl D10 Lkl LCD 1 G2
A40_DSI 1 D1 N w18 - £7__LcD 163
DSI_1_D1_N o~ DPI_D11 ¢
s 1 p | A4 DSiiDiP /] Npsi 103 p DIFF100 202 G2, ) oo IR LCD 1 G4
- R14 DSI 1 D3 N DIFF100 A~~~ G1 DSIDM3 DPI_D13 1 LCD 1 G5
A43 DSI1D0N 100K - LCD 1 66
ggH gg,ﬁ Ad4_DSI1 DO P 19.] pesx gz,g:g 10_LcD 1 67
- D16 k2 _LCD 1 RO
B K1 DR D6 I cp 1 e
GPIO_17_DSI 1 REFCLK DPI D17t M
GPIO_18_DSI_1 |-243 DPID18 talll LCD 1 R2
GPIO_19 DSI_1 |84 V1.8 s 12S_LRCLK DPLD19 jald ILCD 1R3
GPIO_20_DSI_1 [B42 Qe 125 BOLK DPLD20 (it LCD : R4
(Db spi2s_osCLK DPI_D21 0 _LCD1RS
Display Brightness R25 (DT, s DATA DPI D22 |oK10_LCD 1 R6
pwwm_3 DS [B4€ 47K . B DPI D23 jll LCD1RT
T5A J2 MODED LCD 1 HSYNC
APWEA000T 5L 042 ATR | oNTZD3154NT1G [igrs WS | LCD 1 VSYNC
DPI_VSYNC faf2—LCD 1 VSYNC
J GND 22 | Gpigg -
WIS V18 _ R26 | P! DE kB3 LCD 1 DE
ook s U
Rl [R2 RGB INT |,610_LcD 1 peik
1L 1ek blisk N GND INE DEITECIK
2.2 soA |-C16 | 12€ 17T SDA 2 | e soa
126 1scL |17 BeITSCL A0 | pcse
[—o| 2CADR SEL
12C_6_SDA %2: s o PREC_RESO } :‘1‘
12¢ 6 scL (& DISABLE_ASSR PREC_RES1 -
APMG-100-01 5104 2ATR 3K
E4
+V18 0SC1 F5 zgg
3 1 B yss TEST3 (B2
G6 F6
5 % vss op TEST
20R@100MHz Log Loy Lz VSS_DP
10uF | 100nF | 10nF 000E G4 { yss_pp vpGMo ES.
3v 16V 16V
IC5

Toradex AG - Ebenaustrasse 10 - 6048 Horw - Switzerland - +41 41 500 48 00 - www.toradex.com - info@toradex.com Page 26

12C_ADDR_SEL = 0, TC358867XBG I*C address 0x68
12C_ADDR_SEL = 1, TC358867XBG I*C address 0x0F

To the RGB Display (1.8V)


https://toradex.com
mailto:info@toradex.com

-Joradex Aquila Carrier Board Design Guide

Swiss. Embedded. Computing. Preliminary — Subject to change - MIPI CS| - Camera Serial Interface

2.7 MIPI CSI-Camera Serial Interface

The Camera Serial Interface (CSI) from the Mobile Industry Processor Interface Alliance (MIPI) is related
to the MIPI DS, intended to be used for displays. The Aquila standard reserves up to four lanes for CSI_1
and CSI_2 interfaces. This interface version uses the MIPI D-PHY as a physical layer which is also used
for the MIPI DSl interface on the Aquila module. As with the MIPI DSI, the first data lane is bidirectional.

The MIPI CSI-2 supports different camera formats (e.g., RGB, YUV, YCbCr, RAW Bayer, and others.).
Please carefully check the datasheet of the Aquila module whether it supports the format of the camera.
Also, the maximum interface speed and supported camera resolution depend on the module.

2.71 CSl_1signals

Table 7: CSI_1 signals

Aquila pin

A22

A23

A28

A29

A25

A26

A19

A20

A16

A17

A13

A12

B17

B18

A1

B19

A14

Aquila specification signal name
CSI_1_CLK_P
CSI_1_CLK.N
CSI_1_Do_P
CSI_1_DO_N
CSI_1_D1_P
CSI_L1._D1_N
CsI_1_D2_P
CSI_1._D2_N
CSI_1_D3_P
CSI_1_D3_N
12C_4_CSI1_SCL
12C_4_CSI1_SDA
GPI0_09_CSI_1
GPI0_10_CSI_1
GPIO_11_CSI_1
GPI0_12_CSI_1

CTRL_MCLK_MOCI

2.7.2 CSl_2signals

Aquila pin

Table 8: CSI_2 signals

Aquila specification signal name

B8
B9
B14
B15
B11

B12

Toradex AG -

CSI_2_CLK_P
CSI_2_CLKN
CSI_2_DO_P
CSI_2_DO_N
CSI_2_D1_P

€S2 DTN

Continued on next page
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Aquila pin

Table 8: CSI_2 signals (Continued)

Aquila specification signal name

B5 (CSI.2 D2_P

B6 CSI.2.D2_N

B2 (CSI.2 D3_P

B3 CSI.2.D3_N

C6  12C_5_CSI2_SCL
C5 12C_5_CSI2_SDA
C1  GPIO_13_CSI_2
C2  GPIO_14_CsI2
C3  GPIO_15_CSI_2

C4  GPIO_16_CSI_2

2.7.3 CSlreference schematic

Figure 24: MIPI CSI reference schematic

Salg
il o al &
o 1 pap A FT= caipip /]
coripan | A7 _Z= csiipan /| Ny
1ot K
VLS SW VIB SW W1BSW IC35 A3 SW VA3 SW VA3 W
o1 pzp A ST csiioze /| voca  vece _BIom y+
Co 1P | A2 = csiiozn /] ri7o fRizt LR O228 R0 [ere
b2 18K 18K 4 | oo tev  hok 10k o le
oLt o Az ASE estaxe / ¥
L1 Gl P -2 BBl L
GO N | A2 A= csii Gk N/ s o &b &b DavaFaUTOLe-T OAVEFAUTO 7 L
s o A0 80 L42 12R@100MHz Gho| ——
csLipip A28 = cmipie /] coioon 1 SUSST0 e cS1 100 CONN 2
G 1D | A2 2= caioin /] 12c 4 51 soL 3ol a1 81 ka2 feshime 2 ——— s CSi 100 CoN P :
= Lé3 12R@100MHz Gho) ——
csL1pop | A = csiooe /] g sl RIB 08 mosoes | o gsiioin 1 BITENE , 81101 CONN 5
S o | A2 _F== csiipon / = csiipie 2 Csi1DicoNP o
Cs_1pon A2 = CSIID00N . TGAEX
7
14 I\ o o Gho [
TR o Moca| A coir okn 1 (472 CSI_1_CUK_CON_N )
SSiGlKP 2 GS1_1_GLK_CON_P, o
SLGEF 2
12C_4_csin_spa A2 i - anof—10 -
12¢_4_can_scL (A1 CAM 1 CON RST 1
1 511 MOLK RAZSD 2R CS1_1 MCLK 12
12C 4 Sl CON SGL 13
00,00 cs1y [-BIZ - 12C 4 C51"con soA n
GPIO_10_CSI_1 a3 SWh—1 -
eoTTaaTl AN 030 NNAN Ncsi 102w ©S1 102 CONN 10
Hikeel - k> A &
CSrer) D DIVIF4UIOLP-T csioer CSI_ 102 CON P ;;
oo
I [ Ncsi 13N x €SI 103 CONN 10
APVE-100-01 SLOSZ-ATR [l) 2 n \CS_1 D3P A= cei1oaconp 2
e W
1 CAM 1 CON RST 21
Al 81 vs_sw| —
21 2 g2 [ CAM 1 CON PWRDWN GHD GND - 2
1 3] g |10 cAM 1 CON ic DETECT 2
I e % T i conpurcrL )
Rase [|Rase [[Ra40 1 R170 FH12245:0.55V(55)
+1.8_5W| OR1
s i i‘“’“ s ﬁ“”“ B
ap &b &o | ONOTs] O o “ Directen czm | cas
1.8 SW - = . ‘;vas sw _ TO0nE == To0nF
Lo Ta=s 16V 18V
= VOGA  vocB {‘mzr I I
s TV @b Go

SNTAAVCATTTARGVR =)

DIVFLUTOLP-7

D3VaFSUI0LP-7

6av 7| =
231 o3 GND —}
100nF
16V R284

2.7.4 Unused MIPI CSI-2 signal termination

All unused MIPI CSI-2 signals can be left unconnected.
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2.8 SD/MMC/SDIO

The Aquila module form factor features one SDIO interface as "Always Compatible". The interface pro-
vides 4 data bit which can be used for interfacing SD, SDIO, MMC and eMMC devices.

The SD cards support different bus speed modes. The required signal voltage depends on the bus
speed mode. In UHS-I (Ultra High Speed), the signaling voltage must be changed from 3.3V to 1.8V. In
the Aquila module definition, all GPIO capable interfaces are defined for 1.8V only. The SDIO interface
pins are an exception here. To be compliant with older SD cards, 10 pins need to start the communication
at a 3.3V voltage level. Therefore, the 10 voltage rail of the SD card signals is switchable between 1.8V
and 3.3V voltage levels.

Some Aquila modules may feature additional SD interfaces as alternate functions of other interfaces or
on the "Module-specific” pins. Some of these additional SD interfaces may support only 1.8V 10 voltage

levels. Since a detachable SD card needs to start the negotiation at a 3.3V voltage level, these ports
can only be used for permanently attached devices like an eMMC memory or an SDIO peripheral device.

2.81 SD/MMC/SDIO signals

Table 9: SD/MMC/SDIO pins

Aquila pin  Aquila specification signal name

A1 SD_1 _CD#
A5  SD_1.CLK

A7  SD_1.CMD

A3 SD_1.DO
A2  SD_1.D1
A10 SD_1.D2
A8 SD_1.D3

A6 SD_1_PWR_EN
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2.8.2 SD/MMC/SDIO reference schematics

Figure 25: SD card reference schematic
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2.8.3 Unused SD/MMC/SDIO signal termination

Unused SD/MMC/SDIO Interface Signal Termination All unused SD interface signals can be left uncon-
nected. If the SD/MMC/SDIO port is unused, the signal could be used as GPIO. Check the datasheet of
the Aquila module whether there are any restrictions for using the signals as GPIOs.
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29 IC

The Aquila module standard features six 12C interfaces. The interface 12C_1 and 12C_2 are a general-
purpose 12C and is in the “"Always Compatible” interface group. Additionally 12C_1 may be used to con-
nect USB-CC controller. The additional four 12C ports are in the “Reserved” group and are dedicated to
other interfaces. 12C_3_DSI1is dedicated to the MIPI DSI port, 12C_4_CSI1and [2C_5_CSI2 are dedicated
to the MIPI CSl port, and 12C_6 is a general-purpose 12C port. Check the Aquila datasheet whether these
I2C ports can be used as general-purpose interfaces. Some modules do not provide all six I2C ports.
Whether a port is available or not depends on whether the interface they are dedicated to is existing.

The 12C interfaces do not feature any pull-up resistors on the module. It is required to add pull-up
resistors for the data and clock lines on the carrier board. The pull-up resistor value is typically between
1Q and 10kQ. A small pull-up resistor increases power consumption, while a large resistor could lead to
signal quality problems. The optimum size of the resistor depends on the capacitive load on the 12C
lines and the required bus speed.

2.9.1 I2C signals

Table 10: 12C signals

Aquila pin  Aquila specification signal name

D8  12C_1.SCL
D7  12C_1_SDA

C17  12C_2.SCL

C16  12C_2_SDA

B41  12C_3_DSI1_SCL

B40  12C_3_DSI1_SDA

A13  12C_4.CSI_SCL

A12  12C_4_CSI1_SDA
C6  12C_5.CSI2_SCL
C5  12C_5_CSI2_SDA

C19  12C_6.SCL

C18  12C_6_SDA
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2.9.2 I2C reference schematics

Figure 26: I12C reference schematic

+V1.8_SW +V1.8 SW

XL R263 R264
12C_2_SDA L‘ 1.8K 1.8K 1C30 +V1.8_ SW
12c_1_scL ST :gg g :g: 6.1 scL vee 2
s Sef spA c187 c188
12C_6_SDA —— 100nF 1uF
12C_6_SCL | _C19 = ; . 16V 16V
WC. Write operations are disabled to the GNDl—D WwcC VSS
APM6-100-01.5-L-04-2-A-TR entire memory array when Write Control (WC)
is driven high. Write operations are enabled GND
when Write Control (WC) is either driven low 1
or left floating. GND 3] EO
When Write Control (WC) is driven high, GND E1
device select and address bytes are GND 3. E2
acknowledged, Data bytes are not
acknowledged. M24C02-FMN6TP
= Slave address
E2,E1,E0 must be tied to VCC or VSS. When [1ToJ1]oJe2]e1]eo] rw |
not connected (left floating), these inputs are
read as low (0).

2.9.3 Unused I2C signal termination

All unused I2C signals can be left unconnected if the I2C port is switched off in software. Otherwise, it
is recommended to keep the pull-up resistors available. Unused I?C signals can be configured as GPIO.
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210 UART

There are four UART ports available in the Aquila module standard. UART_1 and UART_2 are general-
purpose interfaces. The RX and TX signals of these interfaces are in the "Always Compatible” section,
while the additional RTS/CTS signals for hardware flow control are in the “"Reserved” group.

UART_3 is in the "Always Compatible" section and is intended to be used for main OS debug log output.
It could be used for general purposes, but we recommend making this interface available for debugging
purposes. UART_4 isin the "Reserved” class. On modules with a real-time core, this instance is intended
to be used as the debug log output of the real-time operating system. The interface may be used as a
general-purpose UART.

A

Do not re-assign the debug UARTSs

Please note that changing the default UART interface instances being used for debug log
output or serial console purposes is not supported in software. It is highly recommended to
use the default UART interface instances specified for these purposes.

2101 UART signals

LCUTER ]

Table 11: "Always-compatible” UART signals

Aquila specification signal name

B35

B37

B31

B33

D19

D20

Aquila pin

UART_1_RXD
UART_1_TXD
UART_2_RXD
UART_2_TXD
UART_3_RXD

UART_3_TXD

Table 12: "Reserved” UART signals

Aquila specification signal name

B38

B36

B34

B32

D21

D22

UART_1_RTS
UART_1_CTS
UART_2_RTS
UART_2_CTS
UART_4_RXD

UART_4_TXD
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2.10.2 UART reference schematics

Figure 27: RS232 reference schematic
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Figure 28: RS422 reference schematic
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Figure 29: RS485 reference schematic
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Assemble R61 and remove 59:

ECHO disabled (the sender does
NA &b not get an echo of the sent message)
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211 CAN

2111 CAN reference schematics

Figure 30: CAN reference schematic
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T 15\;‘ 1’16\,” 220R GND_CAN_1_ISO  GND_CAN_1_ISO
11 VN v_our L
GND GND_CAN_1_ISO
NTEOS05MC-R 2| 2] I
SO XX
ANOTE1 :To ensure that the IC5 DC-DC module can operate efficiently and reliably, the minimum output load could NOTE2: It's not recommended to connect any external capacitor at the IC5 DC-DC converter output if the total load
not be less than 10% of the total load during operation. Therefore, resistor R3 has been connected at the output is less than 0.5 watts.
end in parallel to increase the load. Lower than 10% minimum loading will increase the output voltage.
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212 PWM

2121 PWMreference schematic

Figure 31: PWM reference schematic
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213 I2S -Inter-IC Sound

2131 I2S reference schematics
Figure 32: I2S W8904 refence schematic
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2.13.2 Unused IS signal termination

Unused digital audio interface signals can be left unconnected.
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214 Analoginputs
2141 Unused analog input signal termination

The unused analog input signals can be left unconnected or tied to the ground. It is recommended to
disable the corresponding inputs in the driver or disable the whole ADC block if unused.
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215 General purpose clock outputs

The Aquila module standard reserves two module connector pins as general-purpose clock outputs.
One output is intended to be used for the digital audio interface, while the other one is reserved for
the camera interface. The clock outputs could also be used for other purposes if not required by the
dedicated function. Please note that on some modules, the possible output frequencies are limited.
There might also be limitations due to the other clock sources used in the module, or the interface they
are dedicated to needs to be enabled to enable the clock output. Read the relevant datasheets carefully.

2151 Clock output signals

Table 13: General purpose clock output signals

Aquila specification

Aquila pin signal name Type Power rail  Description
B24  12S_1_MCLK (6} CMOS 1.8V Clock output for the digital audio interface
Clock output for the MIPI CSI-2 camera interface / General-Purpose
A14  CTRL_MCLK_MOCI o CMOs 1.8V Clock Output

215.2 Schematic and layout considerations

The clock output signals can have a pretty high frequency, especially for single-ended clock signals. This
could lead to significant problems due to electromagnetic interferences (EMI). The clock signals should
be kept as short as possible. High slew rates of the signal can increase the EMI problems. Therefore, it
is desirable to reduce the slew rate as much as the signal quality allows it. Therefore, series resistors
should be placed close to the clock output of the module. Start with a value of 22Q. Try to increase this
value until the corresponding interface fails due to the signal quality of the clock signal. Decrease the
serial resistor again to have a reasonable margin.

Instead of using the clock output signals, some of the interfaces also allow using a different asyn-
chronous clock reference. For example, suppose the audio codec or the camera needs to be located
far away from the Aquila computer module. In that case, it might be a better solution to use an oscillator
instead of the reference clock output of the module. This oscillator can be placed close to the audio
codec or camera.

2.15.3 Unused clock output signal termination

Unused clock output signals can be left unconnected. The output should be disabled to reduce power
consumption and EMI problems.
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216 GPIO

The Aquila form factor features eight dedicated general-purpose input-output pins (GPIO) plus additional
four GPIOs reserved for the MIPI DSI interface. Additional four GPIOs are reserved for the MIPI CSI_1
interface and four for MIPI CSI_2 interface and one GPIO pin is reserved for DP interface. Besides these
21x GPIOs, several pins can be used as GPIO if their primary function is not used. Table 2 and Table 3
show an overview of the interfaces.

For carrier boards intended to provide the highest compatibility with all different Aquila modules, it is
recommended to use the 21x GPIO signals first. If additional GPIO signals are required, unused signal
pins of the interfaces stated as “GPIO Capable” could be used.

2.16.1 GPIO Signals

The following table contains the 21x GPIO pins available on Aquila modules. Consult the relevant datasheet
of the modules for information on the other module edge connector pins that can be used as GPIO in-
terface.

Table 14: GPIO signals

Aquila specification

Aquila pin signal name Type Power rail  Description

D23 GPIO_1 110 CMOS 1.8V General-purpose GPIO

D24  GPIO_2 110 CMOS 1.8V General-purpose GPIO

D25 GPIO_3 110 CMOS 1.8V General-purpose GPIO

C20 GPIO_4 110 CMOS 1.8V General-purpose GPIO

c21 GPIO_5 110 CMOS 1.8V General-purpose GPIO

C22 GPIO_6 110 CMOS 1.8V General-purpose GPIO

23  GPIO_7 110 CMOS 1.8V General-purpose GPIO

24  GPIO_8 110 CMOS 1.8V General-purpose GPIO

B17  GPIO_9_CSI1 1/0 CMOS 1.8V Reserved general-purpose 10 for MIPI CSI_1 interface

B18 GPIO_10_CSI_1 1/0 CMOS 1.8V Reserved general-purpose 10 for MIPI CSI_1 interface

A11  GPIO_11_CSI_1 1/0 CMOS 1.8V Reserved general-purpose 10 for MIPI CSI_1 interface

B19 GPIO_12_CSI_1 1/0 CMOS 1.8V Reserved general-purpose |0 for MIPI CSI_1 interface
C1 GPIO_13_CSI_2 1/0 CMOS 1.8V Reserved general-purpose 10 for MIPI CSI_2 interface
c2 GPIO_14_CSI_2 1/0 CMOS 1.8V Reserved general-purpose 10 for MIPI CSI_2 interface
C3  GPIO_15_CSI_2 1/0 CMOS 1.8V Reserved general-purpose 10 for MIPI CSI_2 interface
C4 GPIO_16_CSI_2 1/0 CMOS 1.8V Reserved general-purpose 10 for MIPI CSI_2 interface

B42  GPIO_17_DSI_1 1/0 CMOS 1.8V Reserved general-purpose 10 for MIPI DSI interface

B43 GPI10_18_DSI_1 1/0 CMOS 1.8V Reserved general-purpose 10 for MIPI DSl interface

B44  GPIO_19_DSI_1 1/0 CMOS 1.8V Reserved general-purpose 10 for MIPI DSI interface

B45 GPI10_20_DSI_1 1/0 CMOS 1.8V Reserved general-purpose 10 for MIPI DSl interface

B57 GPIO_21_DP 110 CMOS 1.8V Reserved general-purpose 10 for DP interface
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217 JTAG
Figure 34: JTAG refence schematic
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DISCLAIMER

Copyright © Toradex AG. All rights are reserved. The information and content in this document are pro-
vided "as-is" with no warranties of any kind and are for informational purposes only. Data and informa-
tion have been carefully checked and are believed to be accurate; however, no liability or responsibility
for any errors, omissions or inaccuracies is assumed.

Brand and product names are trademarks or registered trademarks of their respective owners. Specifi-
cations are subject to change without notice.
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