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1 Introduction 
This guide provides tips and techniques for printed circuit board (PCB) layout for the Alif Ensemble 
family MCUs and fusion processors. This document will provide PCB guidelines for proper power 
distribution and decoupling, and signal integrity to ensure a successful PCB design. 

What is covered, 

• Alif Ensemble devices in WLCSP and FBGA packages 

• Power Distribution, sequencing, and bypassing 

• Reset Management 

• Crystal Oscillator layout 

• MIPI, USB and Ethernet layout guidelines 

• OctalSPI / HexSPI device layout recommendations 
 
Please refer to section 5.2.3 Power Sequence, in the datasheets for E4, E6, and E8 devices for specific 
timing requirements of the power up and power down sequencing of main power input voltage supplies. 

2 Alif Devices in WLCSP216 Packages 
The balls of a WLCSP216 package are arranged as 24 straight rows A – AD, by 18 staggard columns 1 - 28 
per the JEDEC standard. All balls are utilized in the WLCSP216 package. 

• Due to the ball density of the WLCSP package, the PCB design may require a combination of 
blind vias, buried vias, via-in-pad, laser drilled holes and/or fine trace spacings near the WLCSP 
package 

• Except for specific keep-out areas, it is highly recommended to flood the ground plane on all 
signal layers 
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Figure 1 is the mechanical drawing for the WLCSP216 package. Taken from the Ensemble device 
datasheet. 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: WLCSP216 Package Mechanical Drawing 
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3 Alif Devices in FBGA194 Packages 
The balls of the FBGA194 package are arranged as 19 straight rows A – W, by 19 straight columns 1 - 19. 
This package was designed such that a 4-layer PCB layout can be achieved because of the number and 
pattern of missing balls between some rows and columns to reduce or eliminate the need for blind or 
buried vias. 

 

Figure 2 is the mechanical drawing for the FBGA194 package.  Taken from the Ensemble device 
datasheet. 

 

 

Figure 2: FBGA194 Package Mechanical Drawing 
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4 Power Rail Distribution and Bypassing 
All power pins on the device require power supply bypassing. Depending on the pin’s function, some 
pins may require more bypassing or filtering than others. Figures 3A and 3B below are partial 
schematics showing an example of power connections with an Alif Ensemble device in WLCSP216 and 
FBGA194 packages respectively. 

 

Figure 3A: Power Supply Power Decoupling Example with a WLCSP216 

 
Note: This example is for a 3.3V source on VDD_MAIN and VDD_BUCK. 

If VDD_MAIN and VDD_BUCK are sourced by 1.8V, 

please see section 4.3  
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Figure 3B: Power Supply Power Decoupling Example with a FBGA194 

 
Place bypass capacitors to decouple power as close as possible to the ball, and best if placed on the 
opposite side of the PCB from the actual Ensemble device itself. 
 

Note: This example is for a 3.3V source on VDD_MAIN and VDD_BUCK. 

If VDD_MAIN and VDD_BUCK are sourced by 1.8V, 

please see section 4.3  
 

 
 
Figures 4 and 5 illustrates typical bypassing on the WLCSP216 when all of the bypass components reside on the 
bottom side of the PCB.
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Figure 4: PCB Top Side Closeup Example (Layer 1) of Power Bypassing with WLCSP216 Package 
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Figure 5: PCB Bottom Side Closeup Example (Top-Down View) of Power Bypassing with WLCSP216 Package 
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4.1 Power Source Pins (power sourced from within the Ensemble device) 
The following pins are all outputs from the Alif device, which are routed back into the Alif device 
externally using the PCB, or some are routed back into the device internally, but all need decoupling. 
Most of these outputs are intended for powering internal Alif device functions only and must not be 
used to power any external components or circuitry. The exception is VREG_AUX_1V8 which can power 
external devices and circuitry up to 30mA at 1.8V. 
 
Note: Under no circumstances should an external power source be applied to any of these Power Source Pins 
discussed in this section 4.1.  When designing systems with complex power switching between the functional 
sub-sections on the PCB, verify and ensure that no power source on the PCB can unintentionally back-power 
these Power Source Pins while the Alif MCU is powered off.  
 

• VREG_CORE_0V8 
This Buck converter output (along with the VSW pin), supplies all internal Ensemble device 
circuitry requiring 0.8V. It connects to and supplies the four VDD_CORE_0V8 pins, the 
VDD_PLL_0V8 pin, and the VDD_SX_0V8 pin. 

The VREG_CORE_0V8 pin should be bypassed with a 100nF X7R ceramic capacitor in parallel 
with a bulk 2.2uF X5R capacitor, as close as possible to the output side of the Buck converter 
inductor, opposite of the VSW pin. Place the capacitors to both VREG_CORE_0V8 and 
VSS_BUCK pins as close as possible to these pins. 

 
Each of the four VDD_CORE_0V8 pins should be bypassed with a 100nF X7R ceramic 
capacitor. Place the bypass capacitors as close as possible between the VDD_CORE_0V8 pins 
and their nearby VSS pins. 

 

• The VDD_SX_0V8 pin should be bypassed with a 100nF X7R ceramic capacitor.  

• The VDD_PLL_0V8 pin should be bypassed with a 1uF X7R ceramic capacitor. 

Place the bypass capacitors as close as possible between the pin and nearby VSS pins. 

Also, to reduce noise on these inputs, a wideband choke can be added between the 
VREG_CORE_0V8 pin and each of VDD_SX_0V8 and VDD_PLL_0V8 pins. 

• VREG_MIPI_0V8 
This pin is a supply output for the internal control logic of the MIPI interface. It should be 
bypassed with a 100nF X7R ceramic capacitor.  
 
If the MIPI function is not used, this pin should be left floating 
 

• VSW 
The VSW pin is the switching output from the DCDC Buck converter for the 0.8V power supply. 
It is connected to a 2.2uH power inductor, which in turn is connected to the VREG_CORE_0V8 
pin and decoupled with a bulk 2.2uF X5R ceramic capacitor. The switching inductor is a 
2.2uH ±20%, 2A, ESR < 85mΩ device. The preferred inductor is MuRata DFE252012F-2R2M=P2. 
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• VREG_DIG_1V8 
This LDO output supplies 1.8V logic and functions inside the Alif device. The pin should be 
bypassed with a 1uF X7R ceramic capacitor. 
 
The VREG_DIG_1V8 output does not have enough current capacity to drive VDD_IO_1V8. Do 
not connect to VDD_IO_1V8.  
 
It is imperative that VDD_DIG_1V8 bypass components be as close as possible to the 
VDD_DIG_1V8 pin and closest possible VSS pin. 

• VREG_LP_1V8 
This LDO output supplies 1.8V logic and functions inside the Alif device. This pin should each be 
bypassed with a 1.0uF X7R ceramic capacitor.  
 
This output does not have enough current capacity to drive VDD_IO_1V8. Do not connect to 
VDD_IO_1V8. 

 

• VREG_AUX_1V8, VREG_AUX_1_1V8, VREG_AUX_2_1V8 
These LDO outputs are available on both the FBPA194 and WLCSP216 packages.  The WLCSP216 
package has two outputs, VREG_AUX_1_1V8 and VREG_AUX_2_1V8. The FBGA194 package has 
one output, VREG_AUX_1V8. These LDOs can drive external 1.8V components or circuitry up to 
30mA, with a 1Ω series resistance and can be switched on and off via firmware. These pins 
should be bypassed with a 1.0uF X7R ceramic capacitor. 
 
If VREG_AUX_1V8 outputs are not used, they should be left floating 

• VREG_MIPI_1V8, VDD_MIPI_1V8 
This switched LDO output is returned and used internally for supplying 1.8V to the Alif device 
MIPI I/O PHY interfaces. The output from this pin should directly connect to VDD_MIPI_1V8. It 
needs to be bypassed with a 1.0uF X7R bulk capacitor on the VREG_MIPI_1V8 ball and a 100nF 
on the VDD_MIPI_1V8 ball. Place and connect capacitors as close as possible between the 
VREG_MIPI_1V8 and VDD_MIPI_1V8 pins. 

• If the MIPI function not used, VREG_MIPI_1V8 and VDD_MIPI_1V8 should be left floating 

• VREG_AON 
This high-impedance LDO output is for controlling the Always On (AON) domain. It must be 
bypassed with a 1.0k ohm resistor in series with a 1.0uF X7R bulk capacitor to ground. 

 

4.2 Main Device Power Input Pins 
Input voltage supplies for Alif Ensemble devices are sourced from an external LDO or DCDC converter on 
the PCB. Typically, input supply voltage on these power pins range from 1.75V to 4.8V. Please refer to 
section 4.3 Considerations for Main Device Power Input Pins at 1.8V.  
 
If using an external DCDC converter to source the supply voltage, the noise and ripple of the DCDC 
output should be less than 10mVpp. 
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Please refer to section 5.2.3 Power Sequence, in the datasheets for E4, E6, and E8 devices for specific timing 
requirements of the power up and power down sequencing of main power input voltage supplies.  The power 
supply ramp-up time (10% to 90%) on all power supply inputs to the device must be between 10μS and 1mS.  
The power supply ramp up and ramp down on all device supply pins must be monotonic.  An external Brownout 
Detector must assert POR_N before voltage input to the chip falls below 1.65V.  Failure to do so may result in 
damage to the device or malfunction.  See Section 5, Reset Management for utilizing an external Brownout 
Detector. 

 

• VDD_BATT 
This specialized power input is for battery backup operation, powering the Always On (AON) 
domain of the Ensemble device. It can be either connected to VDD_MAIN or to a battery back-
up source (such as a coin cell) from 1.75V to 4.8V. Use a 1.0uF X7R ceramic capacitor to bypass 
this pin. 

IMPORTANT_NOTE: In the device power-up sequence, VDD_BATT must be the first power input 
to be powered up, or simultaneously brought up with all other power inputs, but never later than 
the other power inputs.  During power-down phase, VDD_BATT must come down at the same 
time or after the other supplies. All other power supplies can come down in any order. 

 
IMPORTANT_NOTE: If VDD_BATT is left floating, the entire device will be held in the power-off 
state. 
 
WARNING: Power should never be applied to the Ensemble device while replacing the battery. 

 
 
Note: VCC_MAIN and VDD_BUCK must be connected to the same power rail. In the device power-up 
sequence, VDD_MAIN and VDD_BUCK must be powered up at the same time, or after power is applied to 
VDD_BATT. 

• VDD_MAIN 
This power input is for driving functions inside the Alif device. It needs to be bypassed with a 
1.0uF X7R ceramic capacitor. 

• VDD_BUCK 

This high current supply input drives the Ensemble device’s Buck DCDC converter for the 0.8V output 
that is ultimately used internally. VDD_BUCK requires a 100nF X7R ceramic capacitor in parallel with a 
10uF X5R bulk capacitor. Place and connect capacitors as close as possible to the VDD_BUCK pin and 
VSS_BUCK pin. 

• VDD_USB_3V3 
This power input is for driving 3.3V USB I/O PHY functions inside the Alif device. It needs to be 
bypassed with a 1.0uF X7R bulk capacitor. Place and connect capacitors as close as possible to the 
VDD_USB_3V3 pin.   
 
IMPORTANT_NOTE: In the device power-up sequence, VDD_USB_3V3 must be powered up at the 
same time, or after power is applied to VDD_BATT. 
 
VDD_USB_3V3 must be connected to a 3.3V power source.  If USB functionality is not required, the 



PCB Layout Guidelines for Ensemble E4, E6, E8 

Application Guide 
AAPN0039 – Aug 2025 

13 

 

 

pin should be tied to ground. 

• VDD_IO_1V8 
These input voltage pins are used to drive most of the I/O pins on the Alif devices. The 1.8V 
supply for these pins must come from an external regulated source. Each VDD_IO_1V8 power 
input pin must be bypassed with a 100nF X7R ceramic capacitor. Place and connect capacitors 
as close as possible between the VDD_IO_1V8 pins and the respective closest VSS pin. 

IMPORTANT_NOTE: In the device power-up sequence, VDD_IO_1V8 must be powered up 
simultaneously with, or after power is applied to VDD_BATT. 
 

• VDD_IO_FLEX 
There are up to eight FLEXIO GPIO pins on Ensemble devices that can support any I/O voltage 
between 1.8V and 3.3V. These I/O pins are at P7_4 – P7_7 and P15_0 – P15_3. The voltage on 
these I/O pins are controlled by the voltage applied to the VDD_IO_FLEX pin. When FLEX GPIO 
pins are in their default 3.3V mode condition the VDD_IO_FLEX pin can be connected to a source 
supply between 3.0V and 4.2V. When flex I/O pins set to be in 1.8V mode (selectable by 

firmware) the VDD_IO_FLEX pin can be connected to a source supply between 1.62V and 1.98V. 
IMPORTANT NOTE to SAVE POWER: If none of the FLEXIO GPIO signals are used, the 
VDD_IO_FLEX pin should not be connected (leave floating) to save power. 

When used, VDD_IO_ FLEX should be bypassed with a 100nF X7R ceramic capacitor. Connect 
capacitors as close as possible between the VDD_IO_FLEX pin and closest VSS pin. 

IMPORTANT_NOTE: In the device power-up sequence, VDD_IO_FLEX must be powered up 
simultaneously with, or after power is applied to VDD_BATT. 

 
IMPORTANT NOTE REGARDING FIRMWARE CONTROL: The device firmware register GPIO_CNTL 
is used to control the operation mode of the eight FLEXIO GPIO pins. By default after reset, the 
operation mode is set to 3.3V. Alternatively, it may be changed to 1.8V operation mode by 
writing the appropriate command to register GPIO_CNTL. Please be aware of the following: 

 
o If the VDD_IO_FLEX pin is connected to a 1.8V supply, and the GPIO_CNTL register is not 

set for 1.8V operation mode, there will be a degradation of I/O performance on the 
FLEXIO GPIO signals. Be sure to set the value in GPIO_CNTL register to 1.8V operation 
mode in this case. 

o If the VDD_IO_FLEX pin is connected to a 3.3V supply, do not change the value of the 
GPIO_CNTL register to command the 1.8V operation mode AS THIS WILL DAMAGE the 
ENSEMBLE DEVICE. Leave the default value in GPIO_CNTL register that commands 3.3V 
operation mode. 

 

4.3 Considerations for Main Device Power Input Pins at 1.8V 
When a system is designed exclusively for 1.8V operation, all power inputs are connected to the 1.8V power 
rail.  The only exception would be for systems that also require USB functionality.  In that case, 3.3V is still 
required for VDD_USB_3V3.   
 
An external Brownout (BOR) circuit is required to monitor the voltage on VDD_MAIN (see Section 5 regarding 
BOR requirements). Figure 6 shows a typical system power configuration for 1.8V only operation.  
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VDD_MIAN is being monitored by an external BOR circuit.   
 

  
 

Figure 6: 1.8V Powered System  
 

4.4 1.8V I/O Pins 
Any Connection to a GPIO pin (GPIO0<7:0>, GPIO1<7:0>… GPIO17<7:0>) must come from a pin whose supply 
is powered by the SAME power source as VDD_IO_1V8 or VDD_IO_FLEX. (GPIOs connecting to each other 
must be powered by the same VDDIO rail).   
 
Note: Under no circumstances should an external power source be applied to GPIO pins above.  When 
designing systems with complex power switching between the functional sub-sections on the PCB, verify and 
ensure that no power source on the PCB can unintentionally back-power the GPIO pins while the Alif MCU is 
powered off. Power must never be applied to an Alif chip pin before VDD_BATT, VDD_MAIN, VDD_BUCK, 
VDDIO_1V8, and VDDIO_FLEX have been applied and are stable. Failure to do so may result in damage to the 
device or malfunction. 
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The amount of current supplied from an external 1.8V DCDC or LDO is dependent on the number of the 
GPIO outputs that are used and their respective output drive levels. Example below: 

 

Pin Drive Level Number of Outputs / Bi-Dir 1.8V Current Requirement 

2mA drive pins 15 30mA 
4mA drive pins 30 120mA 

8mA drive pins 3 24mA 

12mA drive pins 6 72mA 
Total 54 246mA 

 
IMPORTANT NOTE: The total maximum I/O current sunk or sourced by all pins on the Ensemble 
device (I/O and control) 700mA. 

 

4.5 Analog Power Pins 
Note: When designing systems with complex power switching between the functional sub-sections on 
the PCB, verify and ensure that no power source on the PCB can unintentionally back-power these 
Analog Power Pins while the Alif MCU is powered off. 
 

• VREF_P 
The VREF_P pin is used as an analog voltage reference pin for the ADC12, ADC24, DAC12 and the 
high-speed comparators. VREF_P is bypassed with a 1uF X7R ceramic capacitor. Connect the 
capacitor as close as possible between the VREF_P and VSSA pin.  
 
VREF_P should never be powered externally.  Power should never be applied to VREF_P while 
the MCU is powered off. 

• VREF_N 
Available only on the WLCSP216 package, the VREF_N pin is used as an optional analog voltage 
reference pin for the ADC converters only. VREF_N should always be directly tied to ground. 

 

• VSS_ANA 
This is the analog return for all analog functions. 
 

4.6 Other System Control Pins 

There are several other pins on the Alif device that require special attention for proper operation.  

 

• Outputs from the Alif chip (for example, VREG_DIG_1V8, SEUART_TX,  VREG_AUX_1_1V8, VSW, 
HFXO_N, LFXO_N) must never be driven by external voltage. Failure to do so may result in damage to 
the device or malfunction. 

 

• Inputs to an Alif chip (for example, NSRST, POR_N, SEUART_RX) must not be floating after power up. 
 

o NSRST – should be pulled up to the VDD_IO_1V8 rail with a 20KΩ resistor 

o POR_N – should be pulled up to the VDD_IO_1V8 rail with a 100KΩ resistor 

o SEUART_RX – should be pulled up to the VDD_IO_1V8 rail with a 100KΩ resistor or driven 
from an external 1.8V UART driver.  SEUART_RX should never be driven until VDD_IO_1V8 is 
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applied.  Failure to do so may result in damage to the device or malfunction. 

o  

4.7 Reserved Pin 
There is a reserved pin that is used only by Alif Semiconductor for factory testing. It must be tied to 
ground in your application. This is pin J11 on BGA194 packages, and it is pin B1 on WLCSP216 packages. 

 
 

5 Reset Management 
The voltage profile during the initial 10ms period following the cold boot application of power to the 
Ensemble SoC at the VDD_MAIN and VDD_BUCK pins is critical to proper and reliable operation. 
  
During this 10ms period, the power supply voltage must rise monotonically, and the voltage on the 
VDD_MAIN and VDD_BUCK pins must never drop below 1.65V once 1.65V is reached. If this cannot be 
guaranteed, an external reset supervisor device must be used. If the voltage profile just described is 
not met, and the external reset supervisor is not used, there is potential to damage the Ensemble SoC 
rendering it non-functional. 
 
Characteristics of the external reset supervisor chip are listed here: 

• Minimum trip voltage for the supervisor can be no lower than 1.65V 
• The RESET pin should be an active low, open-drain output. 
• For BOR (Brown Out Reset) operation, the supervisor’s RESET output shall be connected to the 

Ensemble POR_N (Power On Reset Negative) signal. Minimum reset hold time is 10µSec 
 
A recommended supervisor device is the ST Micro STM1061N17WX6F. This device has a trip voltage of 1.7V 
±2% providing a trip voltage range of 1.67V – 1.74V. Thus, when using this device, the absolute minimum 
voltage of the external 1.8V LDO / DC:DC converter is 1.78V (including noise, ripple and transient response). 
 

• As can be seen in Figure 7 below, the voltage supervisor is wired for BOR mode.  In the BOR mode, 
the output of the supervisor IC ties to the Ensemble POR_N, resulting in an immediate reset of the 
Ensemble SOC when the voltage drops below 1.65V. POR_N will be released when power is 
properly restored again. 

 

Figure 7 
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Voltage Supervisor Connections for Ensemble MCU BOR use 

• For systems requiring both a Brownout Detector (BOD) and Brownout Reset (BOR), an analog 
circuit can be designed, consisting of two comparators and a precision voltage reference. The 
BOD output would be tied to a GPIO for system interrupt and the BOR open-drain output tied to 
the POR_N signal. Please note that the combined tolerance stacking on all of the components used in 
the design, the minimum BOR trip voltage should not be below 1.65V. 

 

6 Oscillators 
Ensemble devices have two independent oscillators, a Low Frequency Oscillator (LFXO) typically driven 
at 32.768KHz for accurate time keeping, and a High Frequency Oscillator (HFXO) that can be driven 
between 24Mhz and 38.4Mhz. Either oscillator can be configured as a crystal oscillator, RC oscillator or 
the inputs can be fed from an external frequency source. 

By factory default, both LFXO and HFXO oscillators are configured to be crystal oscillators. To be able to 
use either oscillator as an RC oscillator or be used with an external frequency source, the oscillator needs 
to be configured as such using the Alif Conductor device configuration tool. 

 

6.1 Internal RC Oscillators 
There are two RC oscillators inside the Ensemble devices, a Low-Frequency RC oscillator at 32.7KHz 
(LFRC), and a High-Frequency RC Oscillator at 76MHz (HFRC). If desired, the entire Ensemble device can 
be operated from the internal 76MHz HFRC, including any of its lower frequency clock derivatives from 
internal clock divisors. However, if the internal PLL is required for high-frequency internal clocks, the 
HFXO must be used. 

 

6.2 External Clock Source 
External oscillator clock sources can be used to drive the HFXO_P or LFXO_P signals. Do not drive the 
HFXO_N or LFXO_N signals from an external oscillator. The oscillator must have a 0.8Vpp output 
voltage, AC coupled to HFXO_P or LFXO_P with a small-value capacitor (5pf – 30pF). If an external 
oscillator for HFXO has an output voltage greater than 0.8Vpp, then a capacitive divider must be used to 
bring the input voltage into the Ensemble device to 0.8Vpp. The LFXO input can accept up to 1.8Vpp. 

 

6.3 External Crystal Connection 
Keep trace lengths as short as possible between an external crystal and the respective HFXO and LFXO 
pins on the Alif device. No external loading capacitors across an external crystal are needed. There are 
internal trimmable capacitors for this purpose. 

As a crystal connection reference, Figure 8 represents the bottom side view of an Alif AppKit PCB using 
the WLCSP216 package. Y1 is the external 38.4MHz HFXO crystal, and Y2 is the external 32.768KHz LFXO 
crystal. 
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Figure 8 

PCB Bottom Side Closeup Example of External Crystal Connection with WLCSP216 Package 
 
 

 

6.3.1 38.400MHz Crystal Specification 
• Frequency: 38.400MHz fundamental, parallel mode, AT-Cut 

• Tolerance: ±30 ppm max 

• Stability (aging + temperature): ±40 ppm max 

• Equivalent Series Resistance (ESR): 100Ω max 

• Loading Capacitance: 6pF 

 

6.3.2 32.768kHz Crystal Specification 
• Frequency: 32.768kHz, parallel mode, Tuning Fork 

• Tolerance: ± 20ppm max 
• Stability (aging): ±3ppm/year max 

• Equivalent Series Resistance (ESR): 70kΩ max 

• Loading Capacitance: 6pF 

HFXO 

LFXO 
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7 MIPI, USB, Octal SPI, Ethernet and SDMMC 
7.1 MIPI Signal Signals 
The Alif Ensemble devices contain two 2-Lane MIPI interfaces, MIPICSI and MIPIDSI. One for a MIPI 
camera interface and one for a MIPI display interface. For both MIPI interfaces, all 3 differential signal 
pairs (MIPIxSI_C_P & _N, MIPIxSI_0_P & _N and MIPIxSI_1_P & _N) need to have a controlled 
impedance of 100Ω, ±15% and all traces must be of equal length. 

Figures 9 and 10 show examples of the MIPI CSI signal group that is used on an Alif DevKit. The RED 
layer is the top layer, and the ORANGE layer is layer 3. Each pair has a controlled impedance of 100Ω 
and the 3 pairs are length-matched to within 15mils. 

 

• MIPI_CSI_0_N 3533.582mil 

• MIPI_CSI_0_P  3536.355mil 

• MIPI_CSI_1_N 3527.329mil 
• MIPI_CSI_1_P  3526.236mil 

• MIPI_CSI_C_N 3524.267mil 

• MIPI_CSI_C_P  3524.048mil 
 

Figure 9 

PCB Top Layer Closeup Example of MIPI-CSI Traces WLCSP216 Package 

MIPI CSI pairs 
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Figure 10 

PCB Layer 3 Closeup Example of MIPI-CSI Traces WLCSP216 Package 
 

 

7.2 USB Signals 
The USB interface on the Ensemble device support USB 2.0 LS/FS/HS Host and Device mode. The entire 
USB port (signals VDD, DM, DP, ID) should be ESD protected with a low capacitance diode array, such as 
the Wurth 82400102. 

 

 
Figure 11 

MIPI CSI pairs 



PCB Layout Guidelines for Ensemble E4, E6, E8 

Application Guide 
AAPN0039 – Aug 2025 

21 

 

 

Example Connections for USB Front End 

 

7.2.1 Differential Pair, DM and DP 
The USB differential pair, DM and DP, should have controlled differential impedance of 90Ω, ±15% and 
both signals must be of equal length.   

 

7.2.2 USB ID 
The USB ID pin is supported. It can be connected directly to the USB_ID pin on USB connectors that 
support this function.  Alternatively, a 20KΩ with a 10KΩ resistive divider can be used to divide the USB 
ID voltage input to 1.8V, but is not required.   

 

7.2.3 USB VBUS 
The USB_VBUS signal is used to detect the presence of USB power. The USB_VBUS pin supports up to 
5.25V input from the USB connector.   

 

 

 
Figure 11 

PCB Closeup Example of USB Differential Pair Signal Traces 
USB Differential Pair Signals 

 

7.3 Octal / Hex SPI Signals 
There are two available Octal SPI interfaces on E4, E6 and E8 Alif Ensemble devices, OSPI0 and OSPI1.  
 

• For the WLCSP216 and FBGA194 packages, these SPI interfaces can be configured for 1-bit, 2-bit, 4-
bit or 8-bit (Octal) or 16-bit (Hex) modes.   
 

• Each Octal / Hex SPI interface contains an 8-bit (or 16-bit) parallel data bus, a Chip Select pin, a single 
or complementary Clock pin(s) and up to 2 Data Strobe pins. Optionally, the user can add a Reset 
signal through an unused GPIO pin. The signal names are: 
 

o OSPIx_D0 – D7 or OSPIx_D0 – D15 
o OSPIx_CS  

USB DM + DP 
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o OSPIx_SCLK  
o OSPIx_SCLKN (if needed)  
o OSPIx_RXDS0 (for D0 – D7) and OSPIx_RXDS1 (for D8-D15)  
o OSPIx_RESET optional, through GPIO  

For optimum performance, all of the Octal SPI control and data signals between the Alif MPU and the 
Octal SPI memory device be as close as possible to one another. D0 – D15, SCLK, SCLKN, RXDS0 and 
RXDS1 should all be the length match to within 15mils with no trace stubs. Overall capacitive loading 
on each signal should be less than 10pF.  CS and RESET are not critical to the actual data transfer and 
can have more relaxed trace lengths. 

 

For optimum performance, use the following recommended GPIO options: 

• OSPI0_B for Octal SPI HyperRAM or Octal SPI Flash 
• OSPI1_C for Octal SPI HyperRAM or Octal SPI Flash 

• Other OSPI0 and OSPI1 GPIO options may be used, but 200MHz DDR performance is not guaranteed 
 

Example from the DK-E8 DevKit using OSPI0 using a HyperRAM. The critical, length matched signals are 
matched to less than 15mils.  

 

OSPI0_D0 739.984mil 
OSPI0_D1 737.677mil 
OSPI0_D2 738.078mil 
OSPI0_D3 737.728mil 
OSPI0_D4 740.191mil 
OSPI0_D5 739.429mil 
OSPI0_D6 737.255mil 
OSPI0_D7 740.957mil 
OSPI0_SCLK 739.565mil 
OSPI0_SCLKN 739.375mil 
OSPI0_RXDS 746.530mil 
  
  

The following are not critical 
OSPI0_SS0 303.925mil 
OSPI0_RESETn 2665.645mil 

 

 

7.4 Ethernet Signals 
The Ethernet interface used on the Alif device is a 10/100Mbps RMII interface. An external Ethernet 
PHY capable of 1.8V I/O operation is required for Ethernet operation. In this case, the Realtek 
RTL8201FR(I)-VD-CG is used. For the I/O connector, a shielded RJ-45 connector with internal magnetics 
is suggested. In this example, a Pulse Engineering JX0011D21BNL is used. 

There are three sections of the Ethernet interface that require careful attention 

• RMII interface 

• Ethernet differential pairs 

• Crystal oscillator. 

 

7.4.1 RMII Interface 
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In general, there are several RMII signals between the Alif device and external Ethernet PHY where the 
traces should be length-matched. These signals are REFCLK, CRS_DV, TXD0, TXD1, RXD0, and RXD1. All 
other RMII and MDIO signal lengths can have more freedom in trace lengths. 

 

7.4.2 Differential Pairs 
There are two differential pairs of signals between the Ethernet PHY and the RJ-45 connector. These traces 
should be impedance controlled to 100Ω and kept away from high-speed digital signals. 
 

7.4.3 25MHz Crystal Oscillator 
Like all crystal oscillators, the 25MHz oscillator should have traces as short as possible and away from 
other signals. 

 

7.5 SDIO/SDMMC 
The SDIO interface is capable of speeds up to 50MHz, depending on the GPIO selection used. Since 
mode SD Flash cards operate at 3.3V, a bi-directional voltage level translator is used to convert the 
signals to 1.8V for the Ensemble device. The SDIO signal length match within 25mils with no trace 
stubs. 

 

7.5.1 SDMMC GPIO grouping options and their performance 
• Mux Option C will run at 50MHz 

• Mux Options A, B, and D will operate at 25Mhz 
 

8 SEUART 
An important connection for the Ensemble device is the SEUART interface, especially during product 
development, and must be available on your PCB in some form. This simple, three-wire UART interface 
is used for Alif firmware updates, production application code downloads, and can be used to get status 
information about the device during system debugging. The interface consists of SEUART_TX, 
SEUART_RX, and ground. It utilizes 1.8V I/O signaling and can be connected to an FTDI cable capable of 
1.8V operation. 
 
Note: Under no circumstances should an external power source be applied to SEUART pins.  When designing 
systems with complex power switching between the functional sub-sections on the PCB, verify and ensure 
that no power source on the PCB can unintentionally back-power the SEUART pins while the Alif MCU is 
powered off.  

 

9 Reference 
• Schematic, Alif Semiconductor DevKit, 220-00319-A 

• PCB Design Files, Alif Semiconductor DevKit, 110-00319-A 
• Schematic, Alif Semiconductor AI/ML AppKit, 220-00320-A 

• PCB Design Files, Alif Semiconductor AI/ML AppKit, 110-00320-A 
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