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1 Power Supplies

This section describes design considerations related to the NUC980 series power supply
scheme and power operating modes.

1.1 Power Supply Scheme

The NUC980 series should be supplied by a stabilized power; VDD33, VDD12, MVDD,
AVDD, RTCVDD, USB0_VDD, USB1_VDD, USBPLLO, USBPLL1 and PLLVDD

Some points need to take care when using these power rails:

€ VIO_VDD pin must be powered by 3.3V+10% and with external decoupling capacitors.
(place one 0.1uF capacitor for each VDD33 pin is recommended)

4 VCORE_VDD pin must be powered by 1.2V+10% and with external decoupling
capacitors. (place one 0.1uF with MLCC and one buck 10uF with Tantalum capacitor for
each VDD12 pin is recommended)

€ MVDD pin must be powered by 1.8V+0.1V and with external decoupling capacitors.
(place one 0.1uF with MLCC and one buck 10uF with Tantalum capacitor for each
MVDD pin is recommended)

€ AVDD pin must be powered by 3.3V+10% and with external decoupling capacitors.
(place one 0.1uF capacitor and a buck 10uF capacitor for each AVDD pin is
recommended)

€ RTCVDD is an independent power domain, it can be powered by 3.6V~2.0V and place
with a 0.1uF decoupling capacitor.

€ PLLVDD is a phase lock loop power pin which should be supplied by 1.2V+10% and
with external decoupling capacitors. (place one 0.1uF capacitor and a buck 10uF
capacitor is recommended)

€4 USBOVDD is USB port 0 PHY power pin which should be supplied by 3.3V+10% and
with external decoupling capacitors. (place one 0.1uF capacitor and one buck 10uF
capacitor is recommended)

€4 USBOPLLVDD is USB port 0 core power pin which should be supplied by 1.2V+10%
and with external decoupling capacitor. (place one 0.1uF capacitor and one buck 10uF
capacitor is recommended)

€ USB1VDD is USB port 1 PHY power pin which should be supplied by 3.3V+10% and
with external decoupling capacitors. (place one 0.1uF capacitor and one buck 10uF
capacitor is recommended)

4 USBIPLLVDD is USB port 1 core power pin which should be supplied by 1.2V+10%
and with external decoupling capacitor. (place one 0.1uF capacitor and one buck 10uF
capacitor is recommended)



1.1.1 NUC980 Power Scheme
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Figure 1-1 Power Supply Scheme

1.2 Power Operating Modes

The NUC980 provides power management scenarios, including Power-down, Idle and
Normal Operating modes, to manage the power consumption. The peripheral clocks can be
Enabled/Disabled individually by controlling the corresponding bit in CLKSEL control
register. User can turn-off the unused modules’ clock for power saving.

€ Normal mode: In this mode, CPU run normally and clocks of all functionalities are on.

The clock frequency of CPU, DRAM, AHB peripherals and APB peripherals are 300
MHz, 150 MHz, 150 MHz and 75 MHz, respectively.

Idle mode: When CPU is not busy, user can put ARM926EJ-S™ processor into a low-
power state by the wait for interrupt instruction. In this mode, the clocks of all
functionalities are on. The clock frequency of DRAM, AHB peripherals and APB
peripherals are 150 MHz, 150 MHz and 75 MHz.

Power-down mode: In this mode, all clocks (clocks for all functionalities, CPU and the
HXT (12 MHz) stop, except LXT (32.768 kHz), with SRAM retention.

The mechanisms shown below could wake chip up from Power-down mode:

EINTO, EINTZ, EINT2 or EINT3 (External Interrupt) pin toggled.
GPIO pin toggled.

Timer 0/1/2/3/4/5 timeout or capture interrupt is active.

A 0w b

WDT time-out interrupt is active.




10.
11.
12.

RTC alarm or relative alarm interrupt is active.
UART 0/1/2/3/4/5/6/7/8/9
UARTxX_nCTS pin toggleed (xis 0, 1, 2, 3,4,5,6,7,80r9).
UARTxX_RXD pin goes low level (xis0, 1, 2, 3,4,5,6,7,80r9).
Received data FIFO reached threshold.
Received data FIFO threshold time-out.
RS-485 address match (AAD Mode).
I°C slave mode address match.
EMAC 0/1 received a Magic Packet.
HSUSBD detected a VBUS change event or USB bus RESET/RESUME event.
USB 1.1 Full Speed host controller detected a connect/dis-connect/remote-wakeup event.
CANx_RXD pin goes low level (xis 0, 1, 2 or 3).
SDH detected card pulg/un-plug event or SDIO card interrupt.

System reset released

Normal Mode
CPU clock ON

HXT, LXT,HCLK, PCLK ON

Flash power ON

Wake up events

1. PWRCTL[PD_EN] high
occur

Interrupts occur 2. CPU executes WFI

CPU executes WFI

idle Mode
CPU clock OFF
HXT LXT HCLK, PCLK ON
Flash power ON

Power down Mode
CPU clock OFF

HXT, CLK, PCLK OFF

Flash power ON

Figure 1-2 Power Operating Modes




1.3 DC Electrical Characteristics

Table 1-3 DC electrical characteristics

Specification

Parameter Sym. Test Conditions
MIN. [ TYP. | Max. [ Unit
Core Operation voltage Vb2 1.14 1.2 1.32 \%
1/0 Operation Voltage Vbps3 2.97 3.3 3.63 \Y
Memory 1/0 Operation Voltage
for DDR or DDR2 MVoo @) 170 18 1.90 v
Memory 1/0O Operation Voltage
for SDR Type SDRAM MVoo 2.97 33 363 v
Battery Operation Voltage VpaT3s 2.0 33 3.63 \%
USB Operation Voltage (1) Vusgo_ vbp12 Vv
VusB1_vppi2 1.14 1.2 1.32
USB Operation Voltage (2) Vusgo_vopss 2.97 33 3.63 \%
VusB1_vopss
VSS
Power Ground -0.3 \%
AVss
Analog Operating Voltage AVppss 2.97 33 3.63 \%
Analog Reference Voltage AVref 0 AVppss \%
lvop12 150 mA Vop12 = 1.2V
IMVDDJ 50 mA MVDD =18V
VDD33 = 33V
_ luseo_vopiz.1 s MA | TA = 25°C, Fosc = 12 MHz
Current Consumption of lusa1 vobI2 1 75 mA  |Frequency of CPUCLK/DDR_CLK is
Normal Operating Mode 1 _ _ 300/150 MHz.
luso_voD3s 1 35 MA Al IPs on, all GPIO are input with
pull-up.
lusB1_vopss 1 35 mA
lvBaT33 1 100 UuA
IstoBY VDD12 3 mA Vop1z = 1.2V
IstoBY_MmvoD 6 mA MVpp = 1.8V
IstoBY VDD33 5 pA Vopa3 = 3.3V
IstpeY_usBo_vDD33 0 pA Vusgo_vopzs = 3.3V
Current Consumption of
IstoBy_usB1_vDD33 0 A Vuse1_vopss = 3.3V
Power Down Mode
IstpeY_usBo_vbD12 25 pA Vuseo vopiz = 1.2V
Istpey_usB1 vDD12 25 pA Vuse1 vopiz = 1.2V
IsTpeY_AvDD33 25 HA AVppg; = 3.3V
IstoBY VEATS3 100 pA Vearas = 3.3V




Parameter

Sym.

Specification

MIN.

TYP.

Max.

Unit

Test Conditions

System Power Off & RTC Vgarss
Power only

IVBAT33

10

uA




1.4 RTCVDD

NUC980 series is built-in a Real Time Clock (RTC) which is operated by the independent
power supply while the system power is off. The RTC uses a 32.768 KHz external crystal.

This section will describe that design considerations related to the RTCVDD.

1.4.1 RTC Power Backup & Power Saving

For some applications requiring operation with either an external power supply or a battery
backup, it is recommend to implement with a simple diode OR circuitry as the below figure
shown. The diode D1 prevents current from flowing into the CR2032 (3V) battery from LDO
when the external power is supplied.

Low forward voltage Schottky diodes are used to minimize the voltage dropout from the
diode and ensure that the LDO output will be a little higher than CR2032 (3V). This solution
can save CR2302 BAT power life time and provided proper powered to RTCVDD.

When external power is removed and the voltage is dropping lower than VBAT, the CR2032
(3V) battery will start supplying power to NUC980.

To avoid RTCVDD power dropping causes RTC data loss by different power supply
switching through diodes, at least place a 100nF capacitance to VBAT with C1.

The following shows the RTC backup power block diagram for design reference.

Vo=
Vin o—
Requiaor [ RICVDD
9 D2
+ D1
Cl
100nF

Figure 1.4 RTC Power Backup Block



2 RESET

Hardware Reset conditions can be issued by one of the below listed events. For these reset
event flags can be read by RSTSTS register.

L 4 Power-on Reset (POR).

4 Low level on the nRESET Pin (nRST).
L 4 Watch-dog time-out reset (WDT).

4 Low voltage reset (LVR).

2.1 POR

NUC980 provides POR12 for Core power and POR33 for I/O power to guarantee low level
logic output state during the first power up phase.

The Power on Reset (POR) function without external resistor or capacitor could reset the
logic elements to their known state if power on slew rate was = 1V/1us. The reset signal may
not be available if the power rising rate was too fast.

For detail behaviors and electrical characteristics, it could be refer to the following waveforms
and tables.

DVDD AVDD DVDD
—_

POR_ENB —| POR12 |—— POR12_OUTB POR_ENB ——| POR33 |——> POR33_OUTB
DVSS AVSS DVSS

Figure 2.1-1 POR12/ POR33 Block



POR12_OUTB <

\ |
POR_ENB="10W" POR ENB=*High”

Figure 2.1-2 Power-On Reset at POR12

Table 2.1-1 POR12 Electrical Characteristics

SYMBOL |Description Min. |Typ. |Max. [|Unit Condition

DVDD Power Supply 1.2 \

T, Power rising rate 1V/1us

Vi Active level 0.63 [0.76 |0.86 |V [ ) Power slew rate is
1.2V/20mS@25C

® POR_ENB=0
POR output low duration ® Power DVDD(rise) at

Vrr to POR(rise) at 1/2

Tror 4.95 uS DVDD (DVDD slew

rate=1V/1uS)
® AVDDupto 3.3V@25T




AVDD Vrr |

T
ETpor
POR33_0OUTB <—*-
\ . | J
| |
POR_ENB="LOW" POR_ENB="High”

Figure 2.1-3 Power-On Reset at POR33

Table 2.1-2 POR33 Electrical Characteristics

SYMBOL |Description Min. [Typ. [Max. [Unit Condition

DvDD Power Supply 3.3 V

T, Power rising rate 1V/1us

Vi Active level 1.65 |1.83 |2.0 \ ®  Power slew rate is

3.3V/20mS@25C
® POR_ENB=0

POR output low duration ®  Power AVDD(rise) at
Vrr to POR(rise) at 1/2
AVDD (AVDD slew
Tror 5.2 us rate=1V/1uS)

® AVDDupto 3.3V@25
(¢




2.2 nRST

Except for typical R & C elements tied to nRST pin is necessary that we also suggest to
adding an auxiliary circuit as the following figure to ensure that system robustness.

Note. About related components parameters use please refer to the below circuitry shows on.

Reset robustness CKT VD33
o

/’_\ _ | Reserved
System Reset
L nRst

T NUC980
?

NPN3904

o8

L)

AAN
~

=1l=

O-

<
w

Figure 2.2-1 nRST External CKT

Table 2.2-1 nRESET Characteristics

Symbol|Parameter Min. (Typ.| Max. | unit Test Conditions

Negative going threshold
ViR Lo - - 10.3*Vpp| V VDD33 =3.3V
(Schmitt input), NRESET

Positive going threshold
ViR i 0.7*Vpp| - - V VDD33 =3.3V
(Schmitt Input), NRESET

1.  Vpp3=3.63V, apply
/RESET pin Vin=
3.63V and measure

Rrst |Internal NnRESET pin pull up resistor - - 84 | KQ the input current

2. Reverse the current

to Resistor value,
R=V/I




2.3 WDT

The purpose of Watchdog Timer (WDT) is to perform a system reset when system runs into
an unknown state. This prevents system from hanging for an infinite period of time. Besides,
this Watchdog Timer supports the function to wake-up system from Idle/Power-down mode.

20-Dbit free running up counter for WDT time-out interval

Selectable time-out interval (24 ~ 220) and the time-out interval is 0.48828125ms ~ 32s
if WDT_CLK =32.768 kHz

System kept in reset state for a period of (1 / WDT_CLK) * 63

Supports selectable WDT reset delay period, including 1026 ~ 130 ~ 18 or 3WDT_CLK
reset delay period

Supports to force WDT enabled after chip powered on or reset by setting WDTON
(Power-on setting, SYS_PWRON [3]).

Supports WDT time-out wake-up function only if WDT clock source is selected as LXT
(32 KHz low-speed oscillator).

® 6 60 o



24 LVR

The Low Voltage Reset (LVR) and the Low Voltage Detector (LVD) both will generate logic
high or logic low output for digital core once the monitored power, VDD, surpasses or falls
below their detection level. The block diagram as Figure,

Table 2.4-1 Internal LVR/LVD Characteristics

Symbol Parameter Min. Typ. Max Unit Test Conditions
Vapp33 Operation Voltage 2.97 3.3 3.63 Y
Ta Temperature -40 - 85 °C

LVD_SEL (SYS_LVRDCRI[9]) =

2.295 2.55 2.805 \ 0

VrH_ o LVD Threshold Voltage

LVD_SEL (SYS_LVRDCRI9])

2.475 2.75 3.025 \ 1

V1H LR LVR Threshold Voltage 2.115 2.35 2.585 \

Mo Delay—»<—

[£— —

i| No Delay —e—
: TI:|E|H‘|I'

Figure 2.4-1 LVR and LVD Timing Waveform

Note:

1. When testing the features of LVD/LVR detect levels, the power-up or power-down speed of VDD should be
slower than 100mS/2V.



3 Power sequence

3.1 Power-on Sequence

3.1.1 Condition-1

If Tio>Twmvop = Tcore, the time of delay gap between < 0.5mS is prefer.

Note.

1.  The time of delay gap is meaning that timing between T,o with Toe.
2. When the time of delay gap < 0.5mS could prevent that transient phenomenon while power-on.

Voltage (V)
A

330

—

-

/

- -f. — - 0.7Vppyy  RESET Schmitt Positive Threshold

-

(POR33) 183

!

1.2v

[/

/-
[

:

|
I
I
T
I
I
(POR12) 076 ‘
I
T

»

T
- -
1<0.5ms |

AVgoa3
Vooss

Voouz

\[\\M\l\ \{ \:\\X Valid Power On Setting Value ! :
[ A s

|
——————————— o i Vil

210 ms | | 75 ms

s =

| 1
More than 9 Ty

nRESET pin — — -

Internal Reset s eessccsaa.

Tir'ne (ms)

1
beeeemeem >
I

! Power On Setting Pin
, Internal Pull-Up Disable

Figure 3.1-1 RESET vs. Power-on Sequence (1)




3.1.2 Condition-2

If Tcore > Tmvop = Tio, it is acceptable as the below waveform, the time of delay gap
between < 1mS is prefer.

Note.
1.  The time of delay gap is meaning that timing between T .o With T)o.

2. Thetime of delay gap < 1mS is prefer although NUC980 have that protection for latchup
prevention.

Voltage (V)
A |
I
I
3.30 — ;
. - I
-~ ]
. I
I
I
0.7 Vppyy  RESET Schmitt Positive Threshold :
I
1
I
(POR33) 1.83 L
1
1
I
12v é_
l
(POR12) 0.76 :
] ,I' 1
A \ \ E/ Valid Power On Setting Value . |
1 :
| S i [ N
= - - i . »
____________________________ Time (ms)
M r 75ms h,
1
- = Femmmeaaa—- >
I 1 1
More than 9 Ty I Power On Setting Pin
: Internal Pull-Up Disable
AVooss NRESET pin _—— =
Voon
Voo ——————————— Internal Reset —— « « =—— -
MVoo

Figure 3.1-2 RESET vs. Power-on Sequence (1)



3.2 Power-down Sequence
The sequence doesn’t care.

Note.

1. Tcore represents VDD12 powered time for Core power

2. Twmvop represents MVDD powered time for MVVDD power
3. Torepresents VDD33 powered time for I/O power



4 Power on setting

The power-on setting is used to configure the chip to enter the specified state when the chip is
powered up or reset.

Since each pin of power on setting has an internal pulled-up resistor when in reset period. If
the application needs to set the configuration to “0”, the proper pull-down must be added
resisters for corresponding configuration pins as the figure shown.

Power On Setting

- SW2 — RN1  10K-8P4R
50 [7 1 2
D _PG2 5 a8
D _PG3 7 &
- PN
D PG4 1 5
D_PGE 5 {n s~ B
D PGT 7 g

D_PGB b AA"
D_PGS RMNZ 10K-8P4R
P_Set R26 10K
e |
R2T 10K
A

V5

L

Figure 4.1-1 Power-on setting switch

Note:
1 = Open,
0 = Pulled down,
PG [9:0] = SYS_PWRON][9:0]
Table 4-1 System Power-On Setting, SYS_PWRON][1:0] for Booting Source Selection
Power-On Description : . .
Setting Pin Power-On Setting Register Bit

Booting Sources Selection

+ 00 =Boot from USB
PG [1 0] + 01 =Boor from SD/eMMC SYS_PWRON[1:0]
* 10 =Boot from NAND Flash

* 11 = Boot from SPI Flash (default)




Table 4-2 System Power-On Setting, SYS_PWRON[2] for SP1 Booting Speed Selection

Power-On Description . . .
Setting Pin Power-On Setting Register Bit
QSPI0_CLK Frequency Selection
- 0=QSPI0_CLK = 30MHz
PG.2 + 1=QSPI0_CLK = 50MHz (default) SYS_PWRON[2]

Table 4-3 System Power-On Setting, SYS_PWRON]3] for WDT RESET Enable/Disable

Power-On |Description . . .
Setting Pin Power-On Setting Register Bit
Watchdog Timer (WDT) Enabled/Disabled Selection
+ 0=WDT Disabled. SYS_PWRON[3]
PG3 + 1 =WDT Enabled.(default) -
Table 4-4 System Power-On Setting, SYS_PWRON][5:4] for Debugging
Power-On [Description . . .
Setting Pin Power-On Setting Register Bit
JTAG Interface Selection
« 0 =PA[6:2] used as JTAG interface. SYS_PWRON[4]
PG4 « 1=PG[15:11] used as JTAG interface. (default)
UART 0 Debug Message Output ON/OFF Selection
+ 0=UARTO (PF[12:11]) debug message output ON. SYS PWRONI5
PG.5 -PWRONE]

* 1 =UARTO (PF[12:11]) debug message output OFF. (default)




Table 4-5 System Power-On Setting, SYS_PWRON[9:6] for NAND Type Selection

Power-On
Setting Pin

Description

Power-On Setting Register Bit

PG[7:6]

NAND Flash Page Size selection
+ 00 = NAND Flash page size is 2KB.
* 01 =NAND Flash page size is 4KB.
+ 10 = NAND Flash page size is 8KB.
« 11 =Ignore Power-On Setting. (default)

SYS_PWRON[7:6]

PG[9:8]

Miscellaneous Configuration

> When Boot from NAND Flash, the PG[9:8] defines the
ECC type as below

*+ 00=ECCisBCHTS8
+ 01=ECCisBCHT12
+ 10=ECCisBCHT24

* 11 =Ignore power-on setting (default)

SYS_PWRON[9:8]

Table 4-6 System Power-On Setting for MISC. type

selection

Power-On
Setting Pin

Description

Power-On Setting Register Bit

PG[9:8]

Miscellaneous Configuration

» When Boot from SD/eMMC, the PG[9:8] defines the
SD0/eMMCO or SD1/eMMC1 used as the booting source.

+ 11 =SD0/eMMCO (GPC group) used as the booting source.
* Others = SD1/eMMC1 (GPF group) used as the booting source.

» When Boot from SPI Flash, the PG[9:8] defines the SPI
flash type and data width.

* 00 =SPI-NAND flash with 1-bit mode.

* 01 =SPI-NAND flash with 4-bit mode.

* 10 = SPI-NOR flash with 4-bit mode.

+ 11 = SPI-NOR flash with 1-bit mode. (default)

SYS_PWRON[9:8]




Table 4-7 System Power-On Setting for USB port0 Host/Device Selection

Power-On Description . . .
Setting Pin Power-On Setting Register Bit

USB Port 0 Role Selection
USBO _ID + 0=USB Port 0 act as a USB host SYS_PWRON[16]

* 1 =USB Port 0 act as a USB device (default)

Note. USBO_ID pin has an internal pull-up with 50K Q around.



5 Clock

The clock controller generates all clocks for CPU, system bus, AHB masters and all APB IP
functionalities. NUC980 includes two PLL modules. Each functionality clock source comes
from the PLL or from the external crystal input directly.

For each clock there is a bit on the CLKEN register to control the clock ON or OFF
individually, and the divider setting is in the CLK_DIVCTL register. The register can also be
used to control the clock enable or disable for power control.

This section describes that design considerations with CLK oscillation installation.

5.1 External Crystal Sources
There are two external clock sources for the NUC980 series:
1. HXT, external 12 MHz high speed crystal input for PLL precise timing operation.

2. LXT, external 32.768 kHz low speed crystal input for RTC function and low speed clock
source.

The oscillators of 12MHZ CLK and RTC 32K are connected with a quartz X’tal and two
capacitors externally.

Figure 5.1-1 Crystal Oscillator Circuit

4 Cin, Cout: External capacitors
€ Rf: feedback resistor
€  X’tal: External X tal

The external crystal oscillator and two capacitors are connected to the pad “Xin” and pad
“Xout”. The capacitance value of the two capacitors may be adjustment by different crystal
oscillator characteristic.



5.2 HXT, High Speed XTAL 12MHz

C1 and C2 should use high-quality ceramic capacitors, usually C1 with C2 have same value
by symmetry. Here, C1/C2 using 15 pF is recommended for resonating with low ESR (=50
Q) 12MHz crystal and the crystal’s CL is 12pF around.

Typically, PCB layout and NUC980 package capacitances should be calculation, the
capacitance can estimate be 2pF around if PCB was 4-layers with FR4 material. Layout
should make sure that crystal, C1/C2 and related components place together to close NUC980
XTAL_IN pinand XTAL_OUT pin ASAP to get that optimum performance and stability.

About C1/C2 value calculation for detail please refer the application note of “NUC980 XTAL
CL design note™.

XTAL IN XTAL _OUT

c1 '_||:| c2

Ju— 12MHz .

Crystal
/ ; /7 ;

VSS VSS

Figure 5.2-1 12MHz Crystal Oscillator Circuit

Table 5.2-1 12MHz C1/C2 reference value

Crystal ESR (ohm) C1, C2 (pF) Condition

Assume that:
12 MHz =50 15 1. XTAL CL=12pF
2. PCB layout CL=2pF




5.3 LXT, Low Speed XTAL 32.768 KHz

About RTC 32.768KHz oscillation circuit that C1 and C2 are recommended to use high-

quality ceramic capacitors. Usually C1 with C2 have same value by symmetry. Using 15 pF is
recommended for resonating with 32.768KHz crystal.

For getting that accuracy 32.768KHz, typical engineer can operate the timer counter machine
to calibrate C1/C2 value or alternative use software method that adjust NUC980 RTC
frequency compensation register for approach.

For PCB layout that XTAL, C1/C2 and related components must place them together to close
NUC980 X32_IN pin and X32_out pin ASAP to get that optimum accuracy and stability.

Crystal

Vss Vss

Figure 5.3-1 32.768KHz Crystal Oscillator Circuit

Table 5.3-1 32.768KHz C1 & C2 Recommend Value

Board Parameter Symbol Value
RTC _IN, RTC OUT Capacitance C1,C2 15pf




6 External Bus Interface (EBI)

The EBI supports 8-/16-bit data width have three chip selects that can connect three external
devices with different timing setting requirements.

EBI supports dedicated external chip select pin with polarity control for each bank, also
supports accessible space up to 1 Mbytes for each bank, actually external addressable space is
dependent on package pin out.

EBI bus can supports LCD interface i80 mode with PDMA, supports variable external bus
base clock (MCLK) which based on HCLK.

6.1 EBI Block Diagram

HCLK o
MCLK EBI_MCLK _
A MCLKDIV Divider
»
R2R y
W2X Idle Cycle
»  Timing >
Controller
RAHDOFF EBI_ADR[19:0]
WAHDOFF e
TACC EMB;CShtlﬁtee EBI_AD[15:0]
@ TAHD EBI Signal >
o EBI »  Timing »> EBI_nCS[2:0]
% Register Controller
<[* ™ controller Output | EBI_nRD
DW16 Controller
> EBI_nWR
/
EBI request
EBI
WBUFEN Address Hit
EN
- and
Request
V Controller

Figure 6.1-1 EBI Block Diagram



6.2 EBI Pin Configuration

Table 6-2 EBI pin-list

EBI

EBI_ADDRO PG.0 MFP1 EBI address bus bit 0.
EBI_ADDR1 PG.1 MFP1 EBI address bus bit 1.
PG.2 MFP1 [O
EBI_ADDR2 EBI address bus bit 2.
PB.2 MFP1 O
EBI_ADDR3 PG.3 MFP1 |[O EBI address bus bit 3.
EBI_ADDRA4 PG.6 MFP1 [O EBI address bus bit 4.
EBI_ADDR5 PG.7 MFP1 O EBI address bus bit 5.
EBI_ADDRG6 PG.8 MFP1 |O EBI address bus bit 6.
EBI_ADDR7 PG.9 MFP1 |O EBI address bus bit 7.
EBI_ADDRS8 PA.12 MFP1 O EBI address bus bit 8.
EBI_ADDR9 PA.11 MFP1 |O EBI address bus bit 9.
EBI_ADDR10 PA.10 MFP1 |O EBI address bus bit 10.
EBI_ADDR11 PB.8 MFP1 |O EBI address bus bit 11.
PG.5 MFP1 |O
EBI_ADDR12 EBI address bus bit 12.
PB.O MFP1 O
PA.13 MFP1 |O
EBI_ADDR13 EBI address bus bit 13.
PB.6 MFP1 O
PA.14 MFP1 |O
EBI_ADDR14 EBI address bus bit 14.
PB.4 MFP1 O
EBI_ADDR15 PB.7 MFP1 O EBI address bus bit 15.
EBI_ADDR16 PB.5 MFP1 |O EBI address bus bit 16.
EBI_ADDR17 PB.1 MFP1 O EBI address bus bit 17.
PG.4 MFP1 |O
EBI_ADDR18 EBI address bus bit 18.
PB.3 MFP1 O
EBI_ADDR19 PA.15 MFP1 |O EBI address bus bit 19.
PG.10 MFP1 le]
EBI_DATAO PC.0 MFP1 (I/O EBI data bus bit 0.
PB.13 MFP8 |I/O
PC.1 MFP1 (/O
EBI_DATA1l EBI data bus bit 1.
PD.12 MFP8 |I/O




PC.2 MFP1 /O
EBI_DATA2 EBI data bus bit 2.
PD.13 MFP8 |I/O
PC.3 MFP1  (I/O
EBI_DATAS3 EBI data bus bit 3.
PD.14 MFP8 |I/O
PC.4 MFP1 (/O
EBI_DATA4 EBI data bus bit 4.
PD.15 MFP8  [I/O
PC.5 MFP1 (/O
EBI_DATAS EBI data bus bit 5.
PF.0 MFP8  [I/O
PC.6 MFP1 (/O
EBI_DATAG6 EBI data bus bit 6.
PF.1 MFP8  [I/O
PC.7 MFP1 (/O
EBI_DATAY EBI data bus bit 7.
PF.2 MFP8 |I/O
PC.8 MFP1 (/O
EBI_DATAS8 EBI data bus bit 8.
PF.3 MFP8 |I/O
PC.9 MFP1 (/O
EBI_DATA9 EBI data bus bit 9.
PF.4 MFP8  [I/O
PC.10 MFP1 I/O
EBI_DATA10 EBI data bus bit 10.
PF.5 MFP8  [I/O
PC.11 MFP1 le]
EBI_DATAll EBI data bus bit 11.
PF.6 MFP8  [I/O
PC.12 MFP1 le]
EBI_DATA12 EBI data bus bit 12.
PF.7 MFP8 |I/O
PC.13 MFP1 (/O
EBI_DATAL3 EBI data bus bit 13.
PF.8 MFP8 |I/O
PC.14 MFP1 (/O
EBI_DATA14 EBI data bus bit 14.
PF.9 MFP8 |I/O
PC.15 MFP1 (I/O
EBI_DATA15 EBI data bus bit 15.
PF.10 MFP8 [I/O
EBI_MCLK PA.1 MFP2 |O EBI external clock output pin.
EBI_nCSO PA.9 MFP1 |O EBI chip select 0 output pin.
EBI_nCS1 PA.6 MFP1 |O EBI chip select 1 output pin.
EBI_nCS2 PA.1 MFP1 |O EBI chip select 2 output pin.
EBI_nRE PA.8 MFP1 |O EBI read enable output pin.




EBI_nWE PA.7 MFP1 |O EBI write enable output pin.

6.3 EBI Connectivity

Follow the pin configuration table to connect the EBI bus to connector (as the below example
circuitry) for external devices connectivity, such as SRAM, LCD...etc.

PO EBI_DO PGO EBIL_AD
R ) EBI
PD12 EBI_D . el A4
PD13 EBI_D2 vDD33 Peo EEBI A3
PO EEL LS PG3 EBI_a2
PD15 EEI_D4 EBl DO |
EBI DD PGE EBI_A4
PFO EBI_DS EBl D4
=7 5
EBI D6 PG EBI_A
PE1 EBI D& EBI D8
T PGa EBI _AS
PEZ EBL_ DT EBI_D10
EBI_D12 PGO EBI_AT
PF3 EBI_D8& E
PA12 EBI_AS
PF4 EBI_D9
PA11 EBI_AS
PF5 EBI_D10
PA1O EBI_A10
PF& EBI_D11
PBS EBI_A11
PF7 EBI_D12
FFB EBI_D13 - PED EBI_AT=2
PF3 EBI_D14 PA13 EBI_A13
30 -
PE10 EBI D15 > 39 40 EBI AT3 PAl4 EBI_A14
13 41 42 EBI_A15 I EBl 1S
16 :g o EBI_A17 :
PAB EBI_NCS1 18 47 43 EE‘LME‘ PBS EBL_&A1E
PAT EBI_NWE ‘;? g[{ - PE1 EBI_A1T
PAS EBI NRE (l Eal ) PE3 EBI_A18
A 1 1 -
PAg EBI_NCS0 VIN /IN PA1S EBI 419

Figure 6.3.Example Circuitry for EBI devices connection



7 SAR_ADC

NUC980 series contains one 12-bit Successive Approximation Register analog-to-digital
converter (SAR A/D converter) with 9 input channels. The ADC output coding is offset in
binary, 1LSB=VREF/4096, the transfer characteristic is shown in Figure.

ADC_OUT

111111111111

11111111 1110

11111111 1101

11111111 1100

0000 0000 0100

0000 0000 0011

0000 0000 0010

0000 0000 0001

7/

0000 0000 0000

ANALOG INPUT
7/

1T ——
a1 ——
51 ——
sy ——
as1s ——
519 ——
as1e60y ——
as1ve0r ——
4515607 —1—
4519607 —1—

Figure 7.1-1 ADC Transfer Function

7.1 ADC Features

Resolution: 12-bit resolution.

DNL: +/-1.5 LSB, INL: +/-3 LSB.

Data Rates: 200K SPS.

Analog Input Range: VREF to AGND, could be rail-to-rail.
Analog Supply: 2.7-3.6V.

8 Single-Ended analog inputs.

Auto Power Down.

000000



Table 7.1-1 SAR_ADC interfaces pin-list

Group Pin Name GPIO MFP
ADC_CHO PB.O MFP8
ADC_CH1 PB.1 MFP8
ADC_CH2 PB.2 MFP8
ADC_CH3 PB.3 MFP8
ADC ADC_CH4 PB.4 MFP8
ADC_CH5 PB.5 MFP8
ADC_CH6 PB.6 MFP8
ADC_CH7 PB.7 MFP8
AVREF ADC_VREF N/A
7.2 ADC Selection of Input Signals
IN_SEL[3:0] Select ADC Analog Description
Signal
0000 ADC_CHO ADC high speed input
When HSPEED is set to high, it supports
600KS/S;
When HSPEED is set to low, it supports
200KS/S. (suggestion)
0001 ADC_CH1 ADC high speed input
When HSPEED is set to high, it supports
600KS/S;
When HSPEED is set to low, it supports
200KS/S. (suggestion)
0010 ADC_CH2 ADC low speed input, only support
200KS/s
0011 ADC_CH3 ADC low speed input, only support
200KS/s
0100 ADC_CH4 ADC low speed input, only support
200KS/s
0101 ADC_CH5 ADC low speed input, only support
200KS/s
0110 ADC_CH®6 ADC low speed input, only support
200KS/s
0111 ADC_CH7 ADC low speed input, only support




200KS/S

1000

VREF

ADC low speed input, only support
200KS/S

7.3 Selection

of Reference Voltage

REF_SEL[1:0]

ADC Analog Reference Pair Selection Signals

00 AVSS33 to 2.5V buffer output, or VREF input
11 AVSS33 to AVDD33

01o0r10 Reserved

Note.

Reference voltage is flexible, and could be selected according to the application.

For example, CHO inputs a sine wave for rail to rail, REF_SEL should be set to 00 or 11.




7.4 ADC Characteristics

Symbol |Parameter Min. [Typ. |Max. |Unit [Test Conditions
- Resolution - 12 - Bit
DNL Differential Nonlinearity Error |- +1 i LSB X{;}EF is external AVREF
INL Integral Nonlinearity Error - 1.2 | LSB X{;}EF is external AVREF
Eo Offset Error ; w37 [ LSB I\O/iF;]EF is external AVREF
Es Gain Error (Transfer Gain) - 6.6 | LSB :)/iF;]EF is external AVREF
E, Absolute Error - 4.2 - LSB ?)/iF;]EF is external AVREF
- Monotonic Guaranteed
Fapc ADC Clock Frequency - - 16 MHz
Fs Sample Rate - 200K SPS
AVppss  [Supply Voltage 2.7 3.3 3.6 \

ADC channel 0/1 high
Iopa1 Supply Current (Avg.) - 1.2 mA speed mode

ADC channel 0/1 low
Iopa2 Supply Current (Avg.) - 1.0 mA speed mode
Iopas Supply Current (Avg.) - 0.4 mA Other channels
AVRrer Reference Voltage 2 - AVppas |V
Vin Analog Input Voltage 0 - AVger |V
Rin Analog Input Impedance - - 2 MQ
Cin Capacitance - 25.6 pF

There isn’t trimming for
25V BG 2.5V Band-gap voltage output +6 +10 % VREF output

accuracy = )
100ppm/C




7.5 Typical Connection and Application Note
As the figure shown that ADC detection supports external channel-0 to channel-7,

For avoiding NUC980 be damage and big leakage occurred when ADC AVDD didn’t
powered yet, that voltage detection source VIN input to ADC channel directly is illegal
and inhibition.

The ADC input channels have mega-Q impedance level, for getting accuracy the divider
R value should recommend to use hundred-kQ level resistor (i.e. R1+R2 < 1M Q).

2.7V~3.3V

/7 AVDD

AIN input 0 — ADCO

AIN input 1 ——> ADCA

AIN input 2 ——{ ADC2

AIN input 3 —s{ ADC3 NUC980
AIN input 4 ——| ADC4 ADC
AIN input 5 — | ADC5

AlN input 6 S ADCB

AIN input7 | ADCT

\_ Awss
1

AGND

\VREF — External reference voltage

VIN

R1

AIN ADC[0:7]

R2

1

GND

Figure 7.5-1 ADC AIN connection



8 USB

NUC980 integrated 6 USB 1.1 Full Speed Host Lite ports and two USB ports which the
USBO supports USB 2.0 High Speed Dual Role (Host/Device), the USB1 is dedicated support
USB 2.0 High Speed Host Controller.

About USB Host Lite ports are compliant with USB Revision 2.0 Specification, compatible
with OHCI (Open Host Controller Interface) Revision 1.0. It supports full-speed (12Mbps)
and low-speed (1.5Mbps) USB devices, Built-in DMA supports Control, Bulk, Interrupt,
Isochronous and Split transfers. Also supports an integrated Root Hub. Because USB Host
Lite ports are used 8mA 1/O driver buffer to instead of standard USB1.1 transceiver that
transmission distance is limited to less than 1 meter.

Table 8-1 USB HOST lite portsx6 pin-list

PB.6 MFP4 A
PB.7 MFP4 A
USBHLO_DM USB host lite port-0 differential signal D-.
PB.9 MFP4 A
PD.14 MFP5 A
USBHLO
PB.4 MFP4 A
PB.5 MFP4 A
USBHLO_DP USB host lite port-0 differential signal D+.
PB.10 MFP4 A
PD.15 MFP5 A
PF.0 MFP6 A
USBHL1_DM USB host lite port-1 differential signal D-.
PE.O MFP6 A
USBHL1
PF.1 MFP6 A
USBHL1_DP USB host lite port-1 differential signal D+.
PE.1 MFP6 A
PF.2 MFP6 A
USBHL2_DM USB host lite port-2 differential signal D-.
PE.2 MFP6 A
USBHL2
PF.3 MFP6 A
USBHL2_DP USB host lite port-2 differential signal D+.
PE.3 MFP6 A
PF.4 MFP6 A
USBHL3_DM USB host lite port-3 differential signal D-.
PE.4 MFP6 A
USBHL3
PF.5 MFP6 A
USBHL3_DP USB host lite port-3 differential signal D+.
PE.5 MFP6 A
PA.15 MFP4 A
USBHL4_DM PF.6 MFP6 A USB host lite port-4 differential signal D-.
PE.6 MFP6 A
USBHL4
PG.10 MFP4 A
USBHL4_DP PB.13 MFP6 A USB host lite port-4 differential signal D+.
PF.7 MFP6 A




PE.7 MFP6 A
PA.13 MFP4 A
PB.11 MFP4 A

USBHL5_DM USB host lite port-5 differential signal D-.
PF.8 MFP6 A
PE.8 MFP6 A

USBHL5

PA.14 MFP4 A
PB.12 MFP4 A

USBHL5_DP USB host lite port-5 differential signal D+.
PF.9 MFP6 A
PE.9 MFP6 A

The following guidelines will provide PCB design considerations for system designer
reference.

8.1 USB Termination

For getting a good USB signals quality and USB Eye-Diagram to meet USB compliant test
electrical characteristic that USB bus must be request that 90-Q2 impedance for PCB layout.

Normally, the USB terminator resistors and terminator capacitors should be reserved and
placed them to USB termination, i.e. USB connector side purposed for USB Eye-Diagram and
USB signals quality matching impedance 90-Q correction.

As the below figures shown that USB termination connection for system design reference



USBO HOST

11
UsBO_ID
WBUSO_W
(o] 2
= UsB
VS5
F1
FUSE(BVI14) USBO Device/HOST

CON33 “’I ;1
UsBo DM RI9| AT oo
USBO_DP R1% 3| D
USBO_DH P I%*
- -~ - o U
D53 D60 D&t Ds2 058
e o
5053111 ESD53111 ESD53111 ESDS3 1N muFI Fa
— — — — vss cs3
VSS VsSS VWSS VsS |
[
e 001 USBMICRO RECEP.
VIN
F2
FUSE(BVI1A)
UsSBT HOST
CON3
1 vsus
R194 47
USB1_DM E3
USB1_DP i A
(g D+ s
- - Sh!eld 5
D63 D64 D85 C60 GND__ Shield
— USB_TYPE-A_RECAP.
5D5311M ESDS5311N ESD5311N 10uF 21 - -
FB
= = = VSS
Vss Vss Vss
]
_ i
— C61  0.01wF
\Vss
USBE HOST 1.1
VEs
5V Fi =
s o RO ]
POLY FUSE 500mA 10u ET13
R32 CONG
UHL_DM 27 ,"2
DHEEE
<__>= 57 3
4
R33 R34 R25 USE HOST type A CON
15K 15K
vas

Figure 8.1 Example for USB termination connection



8.2 USB REXT and USB Power

The USB REXT signal needs an external resistor with precision 12.1K ohm for preventing
any noise interference to the reference bias, the REXT which should be placed close to the
pins of NUC980 USB_REXT and USB_VSS as figure shown.

Of course PCB design also needs to take care of USB power and ground as the figure shown
the USBVDD33, USBVDD12 and USBVSS, they are isolated with ferrite bead and 0 ohm
resistor for reducing possible power noise from system.

o FBI
ngx_glM USBx DP  USBx Vpp 0 —oVD33
L. USBx_DM J_ Cl
U S BX_RI‘_XT | l UUF
Rexr FBI
USBxPLL Vpp °
USBx_VSS V! J_ :?—0\ VD12
= T LOuF

Figure 8.2 Example of USBVDD & REXT Connection



8.3 PCB Layout Considerations

Traces the DP/DM to the connector, the signal swing during high-speed operation on the
DP/DM line is relatively a small waveform about 400mV. So, if there is any differential noise
picked up will affect transceiver signal on the pair traces. When the DP/DM traces are not
shield, the traces behave like an antenna to pick up noise by the surrounding components.

To lower the interference effect, use the following general routing and placement guidelines
when laying out a new design. These guidelines will help to minimize signal quality and EMI
problems.

The high speed USB validation efforts focused on a four-layer PCB where the first layer is a
signal layer, the second layer is power, the third layer is ground and the fourth is a signal
layer. This results in placing most of the routing on the fourth layer closest to the ground
layer, and allowing a higher component density on the first layer.

8.3.1 Layout Guidelines

1. DP/DM traces should be length matched and as close as possible to the connector.

2. Route DP/DM traces should be close together for noise rejection on the differential
signals, parallel to each other and the length difference within 200-mil.

If the common chock is necessary, it should be as close as to the connector.

No extra components at DP/DM pair traces to maintain signal integrity.

No de-coupled caps on the DP/DM.

The characteristic of matching impedance 90Q on the DP/DM is necessary.

Stubs on high speed USB signals should be avoided, as stubs will cause signal reflections
and affect signal quality. If a stub is unavoidable in the design, no stub should be greater
than 200 mils.

No ok ow

15k€2

Avoid creating sTbs i pOSsibl¢ ee—]

— N 50

Cormrect way to connect to resistors

Figure 8.3.1-1 BUS Stubs should avoid

8. Route all traces over continuous planes (VCC or GND), with no interruptions. Avoid
crossing over anti-etch if at all possible. Crossing over anti-etch (plane splits) increases
inductance and radiation levels by forcing a greater loop area. Likewise, avoid changing
layers with high-speed traces as much as practical. It is preferable to change layers to
avoid crossing a plane split.

9. Use the following guidelines for the VCC OR GND plane.

a. Traces should not cross anti-etch, for it greatly increases the return path for those
signal traces. This applies to High Speed USB signals, high-speed clock and signal
traces as well as slower signal traces, which might be coupling to them. USB
signaling is not purely differential in all speeds (i.e. the FS Single Ended Zero is



10.

11.

12.

common mode)
b. Avoid routing of USB signals within 25 mils of any anti-etch to avoid coupling to the
next split or radiating from the edge of the PCB.
Separate signal traces into similar categories and route similar signal traces together (such
as routing differential pairs together).
Keep high-speed USB signals clear of the core logic set. High current transients are
produced during internal state transitions and can be very difficult to filter out.
Follow the 20*h thumb rule by keeping traces at least 20*(height above the plane) away
from the edge of the plane (VCC or GND, depending on the plane the trace is over). For
the suggested stack up the height above the plane are 4.5 mils. This calculates to a 90-mil
spacing requirement from the edge of the plane. This helps prevent the coupling of the
signal onto adjacent wires and also helps prevent free radiation of the signal from the edge
of the PCB.

Failure to maintain parallelism of USB 2.0 data lines

Ground or power plane

/

Don’t cross plane splits Avoid creating stubs

Figure 8.3.1-2 Maintain Parallelism USB BUS



8.3.2 Through Hole Consideration for D+ and D-

For the two-layer or multi-layer of PCB, when the signals of D+ and D- need to be through
another layer, in which the resistively of through hole should be concerned. To lower the
resistively issue for the sensitivity case, the two-via or multi-via should be adapted, as shown
in the following figure.

Suggest:

Two or more via is suggested One via no suggestion

Copper pattern trace
m Laminated board with two-layer or multi-layer
Via

Figure 8.3.2 Through Hole for D+ and D-

8.3.3 USB Full Speed Signal Trace for D+ and D-

To avoid trace effect the USB bus trace length should be almost the same of D+ and D-. Then,
the characteristic impedance should be a symmetrical path for the differential end of the USB
port. The characteristic impedance should be 50 Q for full speed USB1.1. For reducing the
trace length, the USB terminal should be as close as the USB port of NUC980.

1. LD+=LD—-. Wl‘ﬂ‘i 4.H'7 W2

2. Lygg should he as short as possible. W = Wp, = Wp

Ly for D- pattern trace Wl =W2 = 0.5Wp,
m Lp, for D+ pattern trace L=Lp, =Lp

Figure 8.3.3 Signal Trace for D+ and D-



8.3.4 USB High Speed Trace Spacing

The following figure provides an illustration of the recommended trace spacing for multi-
layer and 2-layer PCB.

1. Maintain parallelism between USB differential signals with the trace spacing needed to
achieve 90ohms differential impedance. Deviations will normally occur due to package
breakout and routing to connector pins. Just ensure the amount and length of the
deviation is kept to the minimum possible.

2. Use an impedance calculator to determine the trace width and spacing required for the
specific board stack up being used. For the board stack up parameters referred to in
Layer Stacking, 7.5-mil traces with 7.5-mil spacing results in approximately 90 ohms
differential trace impedance.

3. Minimize the length of high-speed clock and periodic signal traces that run parallel to
high speed USB signal lines, to minimize crosstalk. Based on EMI testing experience,
the minimum suggested spacing to clock signals is 50 mils.

4. Based on simulation data, use 20-mil minimum spacing between high-speed USB signal
pairs and other signal traces for optimal signal quality. This helps to prevent crosstalk.

5. If PCB is 2-layer design, for signals quality request that USB signal pairs should have
GND plane closely to traces side for shielding as the illustration of figure.

4-Layers PCB USB differential bus
Low speed signals D+ D- Hispeed or clock signals
| 20=-mit | /,:Hm.rl .r.a—m'}l f.a—m?rl S0=rmit |

Figure 8.3.4-1 Multi-Layer PCB USB Bus Trace Space Recommendation

2-Layers PCB USB differential bus
GND plane D+ D- GND plane
.2-M

Figure 8.3.4-2 2-Layer PCB USB Bus Trace Space Recommendation



8.3.5 High Speed USB Trace Length
Main board’s USB signal pairs total trace length should be less than or equal 18 inches.

8.3.6 PCB Stacking for USB

The following is an example of PCB layout stack-up for USB
4-Layer Stack-Up,

€ Layer-1 Signal (top)

¢ Layer-2VCC

¢ Layer-3GND

€ Layer-4 Signal (bottom)

In this case, high speed USB validation PCB used 7.5-mil traces with 7.5-mil spacing
between differential pairs to obtain 90 Ohm differential impedance. The PCB specific board
stack up used is as follows:

1 oz. copper

Prepreg @4.5 mils

Core @53 mils

PCB thickness @ 63 mils (1.6mm)
FR4 material

LA 2 X R 2

Copper Foil — +—— Prepreg

Core ——
+~— Prepreg

Example: Foil Build - 4 Layer board

Figure 8.3.6 4-Layer PCB structures



8.3.7 USB EMI/ESD Considerations

The following guidelines apply to the selection and placement of common mode chokes and
ESD protection devices.

8.3.8 EMI - Common Mode Chokes

Testing has shown that common mode chokes can provide required noise attenuation. A
design may include a common mode choke footprint to provide a stuffing option in the event
the choke is needed to pass EMI testing. Below figure shows the schematic of a typical
common mode choke and ESD suppression components. The choke should be placed as close
as possible to the USB connector signal pins.

Common Mode i
Choke D &3
@
vy | e |
. =

ESD V4
Components %

= USB ‘A’ Connoctor

Figure 8.3.8-1 Common mode choke
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= Differential Signal, ¥
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Figure 8.3.8-2 USB Full Speed

o0 02 o4 06 035 1.0 1.2 1.4 16 1.3 20
- Time (x10"-9)s

Figure 8.3.8-3 USB port0 High Speed Device
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Figure 8.3.8-4 USB port0 High Speed HOST
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Figure 8.3.8-5 USB portl High Speed HOST



The eye diagram above shows USB signal quality, as the common mode impedance increases,
this distortion will increase, so you should test the effects of the common mode choke on full
speed and high-speed signal quality.

Finding a common mode choke that meets the designer’s needs is a two-step process.

1. A part must be chosen with the impedance value that provides the required noise
attenuation. This is a function of the electrical and mechanical characteristics of the part
chosen, and the frequency and strength of the noise present on the USB traces that the
designer is trying to suppress.

2. Once the designer has a part that gives passing EMI results, the second step is to test the
effect this part has on signal quality. Higher impedance common mode chokes generally
have a greater damaging effect on signal quality, so be careful about increasing the
impedance without doing thorough testing. Thorough testing means that the signal quality
must be checked for Low speed, Full speed and High speed USB operation.

8.3.9 USB ESD solution

Low-speed and full-speed USB provide ESD suppression using in-line ferrites and capacitors
that formed a low pass filter. This technique doesn’t work for high speed USB due to the
much higher signal rate of HS data. Thus, for high speed USB solution designer should select
proper low-capacitance ESD protection devices to resolve.

As with the common mode choke solution, we recommend including the footprints for this
device, or some other proven solution, as a stuffing option in case it is needed to pass ESD
testing.

ESD protection and common mode chokes are only needed if the design does not pass EMI or
ESD testing. Footprints for common mode chokes and/or ESD suppression components
should be included in the event that a problem occurs (General routing and placement
guidelines should be followed).



9 Ethernet

NUC980 provides 2 Ethernet MAC Controller (EMAC) for Network application.
Supports both half and full duplex for 10 Mbps or 100 Mbps operation the EMAC supports
RMII (Reduced MII) interface to connect with external Ethernet PHY.

Table 9-1 RMII 0/1 interfaces pin-list

RMII0O_CRSDV PE.1 MFP1 | RMIIO Carrier Sense/Receive Data input pin.
RMII0_MDC PE.9 MFP1 (0] RMII0 PHY Management Clock output pin.
RMII0_MDIO PE.8 MFP1 1/0 RMIIO PHY Management Data pin.
RMIIO_REFCLK PE.4 MFP1 | RMII0O mode clock input pin.
RMII0_RXDO PE.3 MFP1 | RMIIO Receive Data bus bit 0.

RUIO RMIIO_RXD1 PE.2 MFP1 | RMIIO Receive Data bus bit 1.
RMIIO_RXERR PE.O MFP1 | RMII0 Receive Data Error input pin.
RMIIO_TXDO PE.7 MFP1 O RMIIO Transmit Data bus bit 0.
RMIIO_TXD1 PE.6 MFP1 O RMIIO Transmit Data bus bit 1.
RMIIO_TXEN PE.5 MFP1 (@) RMIIO Transmit Enable output pin.
RMII1_CRSDV PF.1 MFP1 | RMII1 Carrier Sense/Receive Data input pin.
RMII1_MDC PF.9 MFP1 (0] RMII1 PHY Management Clock output pin.
RMII1_MDIO PF.8 MFP1 1/0 RMII1 PHY Management Data pin.
RMII1_REFCLK PF.4 MFP1 | RMII1 mode clock input pin.
RMII1_RXDO PF.3 MFP1 | RMII1 Receive Data bus bit 0.

R RMII1_RXD1 PF.2 MFP1 | RMII1 Receive Data bus bit 1.
RMII1_RXERR PF.0 MFP1 | RMII1 Receive Data Error input pin.
RMII1_TXDO PF.7 MFP1 (0] RMII1 Transmit Data bus bit 0.
RMII1_TXD1 PF.6 MFP1 O RMII1 Transmit Data bus bit 1.
RMII1_TXEN PF.5 MFP1 (0] RMII1 Transmit Enable output pin.

The following recommendation will help users to gain maximum performance.

Make a Stable & Low-Noise environment for Ether Net PHY working
Make a better circuit for Ethernet PHY by simplifying signal trace
Reduce EMI & EMC

Make better ESD protecting




9.1 RMII PHY layout guideline (refer to IC+ IP101G design guide)

TXDO |[#——— TXDO

TXD1 [———— TXD1

TXEN [——— TXEN

IP101G RXD0 — RXDO
RMII RXD1 ———® RXD1

100M/10M RXDV ————= RXDV

TXCLK/S0M_CLKI REFCLK
RXCLK/50M_CLKO T 50MHz_CLKO

MDC |4« MDC

MDIO |«——» MDIO

RXER RXER
X1/0SCIN X2 TXER TXER
I
&4 28MHz |

Figure 9.1-1 RMII interface connection

Block A and B may be better placed as close to magnetic as possible. Let the trace between
Ethernet PHY and magnetic as short as possible, and keep the Tx+/-(So as Rx+/-) signal
traces to be symmetry.

The traces should not be too long and 12cm will be the maximum of path’s length. When Tx,
Ethernet PHY will sink current from Block A (When Auto-MDIX working, TXx<->Rx
direction switch). When Rx, Ethernet PHY will take differential voltage signal from Block B
(When Auto-MDIX working, Rx<->Tx direction switch).

Besides, the distance between RJ-45 and magnetic should be as short as possible. If these 2
requirements couldn’t be met at the same time, the distance between Ethernet PHY and
transformer might be scarified to keep the distance between RJ-45 and magnetic as short as
possible.

A).The termination resistors (50Q in block A & B) may be better placed as close to
magnetic as possible. For better impedance matching, the termination resistors and caps
should pay more attention to take care.

B).ISET (Transmit Bias Resistor Connection) pin should be placed as close to Ethernet
PHY as possible. Furthermore, it should not be affected by other signals such as TX+/-,
RX+/- and clock signal traces.

C).Crystal (25MHZz) shouldn’t be placed close to: Input /Output ports, edge of PCB board
and magnetic devices. The most important thing is that crystal should not be placed close
to high-frequency devices or traces, such as RMII interface signals, Tx+/-, Rx+/- and
Power signals.

D).High current on the trace will induce the higher EMI noise, so it will be better to reduce
the trace length to the power source when we placing the high current devices. The



magnetic device with magnetic field should be separated (Isolation) and mounted at 90°
to each other.

--------- =
l I A
1 ‘ ’_’_l_‘ !
|
: soaz 2 son !
|
|
: ‘ H Tx+
---ﬁ/ ------ " Tx-
RJ45 @8:‘ Magnetic PHY RMII
1 Interf;
= -'L _____ - nterface
1 RX+
| I Rx-
| 500% =< s00 !
VP !
I | B

Figure 9.1-2 placement notices for RJ45 to Transformer and RMI|I



9.2 Power and Ground
A). It is better that do not try to partition GND at all. Never use right angle for all partition
on power plane or GND plane, so as each signal trace should be.

B).No power and GND planes can be underneath the isolated area for the RJ-45 connector
and magnetic. Also RJ-45 connector has its isolated GND (Chassis GND) to connect to
RJ-45’s case.

C).Try to keep the GND plane as large as possible and don’t partition the GND plane for good
GND return path.

9.3 Trace Routing

To reduce the propagation delay, frequency noise, cross-talk and improve the signals quality
that Ethernet PHY received, and reduce the loss from transmit signals that traces routing
should follow that below design rules.

9.3.1 Avoid right angle signal trace

No good! Much better!

Figure 9.3.1 PCB layout trace notice for RMII signals

9.3.2 For Tx+/-, Rx+/- traces

Avoid signal noise or loss on these traces.

Tx+ & Tx- should be equal length to each other.

Rx+ & Rx- should be equal length to each other.

The line width and distance between Tx+/— and Rx+/— could be refer as the below note,



Figure 9.3.2 PCB trace line width notices for RMII to Transformer

Note.
D: Line width is as wide as possible in the range of (6mil ~ 12 mil), ex: 8mil.
L: Width between differential pair should be small, ex: 4mil.
W: Isolation width between TX+/- and RX+/- is as wide as possible, ex: 30mil.
GND used as isolation is recommended.
W’: Isolation width between TX/RX and noisy signal/power is as wide as possible, ex: 30mil.
GND used as isolation is recommended.

9.3.3 For W & W’ need better isolation, ex: shielding with GND

® Tryto avoid via for TX+/-, RX+/- traces. Via will degrade signal quality.
® Try to avoid digital signals (like Clocks or RMII signal traces) interfere with analog
signals (like Tx+/-, Rx+/-, or ISET traces) and power lines.

9.3.4 Never running noisy digital signals in parallel with TX+/- and RX+/-

The traces of power, ground, and those need de-couple cap should be shorter and
wider. If via are not eliminated on the trace for de-couple cap, try to enlarge the
diameter of these via.

A) For some critical signals, clock and the other high speed signal traces should be as short
and wide as possible. (Surely that is compared with normal signal traces.) And it is better
having the GND plane under them, and it is even better with the GND plane around it.



B) The length of each signal trace shouldn’t exceed 1/20 of the highest harmonic wavelength.

For example, for the 25SMHz clock trace shouldn’t exceed 30cm and for the 50MHz
signal trace shouldn’t exceed 12cm (Tx+/-, RX+/-).

C) De-couple cap should be placed as close to IC as possible, and the traces should be short.
Every Ethernet PHY analog/digital power needs de-couple cap and keeps the analog
power close to analog GND pin, digital power close to digital GND pin. (See the diagram

below)
To power plane To power plane
DVDD AVDD T >
Cap Ether Net Cop
PHY
DGND AGND ] >
To GND plane To GND plane

Figure 9.3.4 power plane layout notices for RMIlI PHY

9.3.5 Keep the distance between Tx+/- & Rx+/- differential pairs for good
isolation

When these two pair of traces runs together in parallel, don’t place them too close for

unwanted interference. Shielding by GND planes can get a better isolation to these two
differential pairs.

T(R) X+/4 T(R) X+/-

[\ Too close
-

Magnetic Magnetic

0 OK!

X No good!

Figure 9.3.5 RMII PHY to transformer connection

A)  The signal trace length difference between Tx+ and Tx- (Same as Rx+ and Rx-)
should be kept as small as possible, better within 1 inch.



B) Ferrite Beads should be as close to IC pins and let it on the rating of
100Q@100MHz. The ferrite bead between DVDD and AVDD of Ethernet PHY pins should
be placed as close to Ethernet PHY as possible, and at the same side as Ethernet PHY, not
opposite side.

L2
VDD33 B'E;\Ey’\ o AVDD33

o0
Lk
@

i

Figure 9.3.5-B RMII PHY AVDD connection

C)  The ferrite bead between REGOUT and REGIN of Ethernet PHY pins should be
placed as close to Ethernet PHY as possible, and at the same side as Ethernet PHY, not
opposite side.

REGOUT and REGIN connection

REGOUT

REGOUT <
L1
ci8 cig  c21
220 01U 001U 0.1U

m
m
=
(=]
=
(5]

»
Is]
%]
=]
Ed

* : Optional ,but recommended

Figure 9.3.5-C RMII PHY REGOUT & REGIN connection

D) Magnetic: Any Magnetic with Tx/Rx turn ration of 1:1/1:1 are suitable for IP101,
such as SINKA LS518/LS502, Bothhand TS8121C/TS6121C. Transformer supports
Automdix function is recommended for better EMI performance.



9.4 Better Analog Performance
A) When using regulator such as 5V to be 3.3V, the rated current of the regulator should be at
least 300mA.

B) Both Analog GND pins and Digital GND pins must maintain a good GND return path
(One GND plane is recommended. Avoid using single ended GND or making the GND
plane discrete. Keep the circuit’s return path back to the system’s real GND as short as
possible. This is especially important for 2 layers PCB layout.

C) When using 25MHz crystal as Ethernet PHY clock source, the spec of crystal is under
50ppm better. Two caps attached to X1 and X2 should be close to 20pf.

D) Avoid placing cap in the clock path when using oscillator as clock source.

E) If EMI of the system couldn’t pass, add some de-couple caps (such as 0.1uf, 10nf, 1nf,
390pf.., etc.) between systems Power to GND.

9.5 ESD Protecting

For ESD protection, we suggest to keep a distance at least 80mil for good isolation, which
avoid ESD energy jumping by traces nearby IC. (See the diagram below)

Lﬁ’" High Voltage cap

D is Isolation area between
System GND and Chassis GND.

D is Isolation area between
TX/RX and Chassis GND.

T_

Magnetic System GND

D=80mil

HH High Voltage cap

Figure 9.5 RJ45 ESD isolation distance with 80mil at least



10 Capture Sensor Interface

The Image Capture Interface is designed to capture image data from a sensor. After capturing
or fetching image data, it will process the image data, and then FIFO output them into frame
buffer.

NUC980 have two sets of CMOS capture sensor interfaces with supporting CCIR601 and
CCIR656 type sensor and resolution up to 3M pixels. It can support YUV422 and RGB565
color format for data output by CMOS image sensor.

10.1 Pin Configuration

Table 10.1-1 video capture-0 interface pin-list

VCAPQO_CLKO PC.3 MFP2 (0] Video image interface-0 sensor clock pin.
VCAPQ_DATAO PC.8 MFP2 | Video image interface-0 data pin.
VCAPQO_DATA1 PC.9 MFP2 | Video image interface-0 data pin.
VCAPO_DATA2 PC.10 MFP2 | Video image interface-0 data pin.
VCAPO_DATA3 PC.11 MFP2 | Video image interface-0 data pin.
VCAPO_DATA4 PC.12 MFP2 | Video image interface-0 data pin.
VCAPQ_DATA5S PC.13 MFP2 | Video image interface-0 data pin.
VCAPO

VCAPQ_DATA6 PC.14 MFP2 | Video image interface-0 data pin.
VCAPQ_DATA7 PC.15 MFP2 | Video image interface-0 data pin.

Video image interface-0 even/odd indicator
VCAPO_FIELD PC.7 MFP2 | .

frame sync. pin.
VCAPO_HSYNC PC.5 MFP2 | Video image interface-0 horizontal sync. pin.
VCAPO_PCLK PC.4 MFP2 | Video image interface-0 pixel clock pin.
VCAPOQO_VSYNC PC.6 MFP2 | Video image interface-0 vertical sync. pin.




Table 10.1-1 video capture-2 interface pin-list

VCAP1

VCAP1_CLKO PE.12 MFP7 (0] Video image interface-1 sensor clock pin.
VCAP1_DATAO PE.2 MFP7 | Video image interface-1 data pin.
VCAP1_DATA1l PE.3 MFP7 | Video image interface-1 data pin.
VCAP1_DATA2 PE.4 MFP7 | Video image interface-1 data pin.
VCAP1_DATA3 PE.5 MFP7 | Video image interface-1 data pin.
VCAP1_DATA4 PE.6 MFP7 | Video image interface-1 data pin.
VCAP1_DATA5S PE.7 MFP7 | Video image interface-1 data pin.
VCAP1_DATA6 PE.8 MFP7 | Video image interface-1 data pin.
VCAP1_DATA7 PE.9 MFP7 | Video image interface-1 data pin.
VCAP1_FIELD PE.10 MFP7 | Video image interface-1 frame sync. pin.
VCAP1_HSYNC PE.O MFP7 | Video image interface-1 horizontal sync. pin.
VCAP1_PCLK PF.10 MFP7 | Video image interface-1 pixel clock pin.
VCAP1_VSYNC PE.1 MFP7 | Video image interface-1 vertical sync. pin.

10.2 Reference Connection

VDD33 VDD33 ¢
°

CMOS Sensorf

Vs

T

50_PCLK

SS WSS

2
4 [—o0vDD33 yppas
6 C

CLK

vDD33 VDD33 0—|

R139
47K

CMOS Sensorl VDD33
]

1

CTI
| 0w

V55

|

2
4 2 VDD33 yppas
[ C

CLE

L] [ O O O O R

Figure 10.2-1 CMOQOS sensor interface connection
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PWRDN

SDATA
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HREF
VSYNC
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A3 CLK
Es_ RST
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| A6 PCLK

85 WS

| D6 VS
ca . Do
AL DI

i 2
B5 D3
Bs D4
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B7 D7
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Figure 10.2-2 reference connection with NT99142 CMOS sensor

10.3 PCB Design Considerations

® Routing sequences: PCLK = MCLK =» Data = HREF = VSYNC =» Others

® Connect GND/AGND and route ground plane as large as possible.

® Minimum gap between PCLK and MCLK trace is double of trace width (W*2).

MCLK PCLK
W: Trace width
W[ W| W ‘ ’ W| W| W
o 22W




Route ground trace adjacent to PCLK/MCLK traces to reduce crosstalk between other
traces, or route power or low frequency signal adjacent to PCLK/MCLK traces.
Priority: GND->Power->Low frequency signals

Note: low frequency signal: 12C/PWDN/ RESETN/VSYNC etc.
In 2-layer design, avoid route any signal trace parallel to PCLK/MCLK nearby.

Place Decoupling Caps as close to CMOS sensor power pins as possible, connect Cap
first and then connect power pins, Decoupling Caps is recommend to get better image
quality. In placement or routing issue, you may use less Cap by Cap sharing (with
adjacent power pin),the Cap sharing need use larger Cap.

When use external LDO VDD, decoupling Cap for VDD is required.
Do not route MCLK & PCLK under Sensor, route trace outside Sensor is recommend.

Do not route VSYNC/HREF/MCLK/PCLK traces adjacently, if possible, shield by GND
trace would be better.

In all signal trace, use Via less than 3 to get good signal quality.
Route CMOS sensor AVDD trace directly to AVDD plane to get good image quality.



11 Quad Serial Peripheral Interface (QSPI)

The Quad Serial Peripheral Interface (QSPI) applies to synchronous serial data
communication and allows full duplex transfer. Devices communicate in Master/Slave mode
with the 4-wire bi-direction interface. The chip contains one QSPI controller performing a
serial-to-parallel conversion on data received from a peripheral device, and a parallel-to-serial
conversion on data transmitted to a peripheral device.

The QSPI controller support Dual and Quad 1/0 Transfer mode and the controller supports
PDMA function to access the data buffer.

QSPI0 supports SPI flash booting, it can support SPI-NOR and SPI-NAND types flash.

11.1 Pin Configuration
Table 11.1 QSPIO interface pin-list

Group Pin Name GPIO MFP
QSPI0_CLK PD.3 MFP1
QSPIO_MISOO0 PD.5 MFP1
QSPI0_MISO1 PD.7 MFP1

QSPIO QSPIO_MOSIO PD.4 MFP1
QSPIO_MOSI1 PD.6 MFP1
QSPIO_SSO PD.2 MFP1
QSPIO_SS1 PA.O, PD.O MFP1

11.2 QSPI Reference Connection

SCK -
Si -
- S0/100 - SPI
Host - W#/ACC /102 - Flash
HOLD #/103
- L
CS#
.
VDD33
PD2  QSPI0_CS Qs0_CS L1
PD3 QS0 CLK QSPI0_DUD1 I R VCC T asPI0_HIdD3
PD4___ QSPI0_Do/D0 Q5SFPI0_WplD2 I '59%%12 HIEEi = T QSPID_CLK
T ! pr——
FD5___ QSPI0_Di/D1 ; LB e QSPI0_Do/DO
PD6E___ QSPI0_Wp/D2 [ 6N Dibo
PD7___ QSPI0_HI/D3 =
V5SS

Figure 11.2 reference circuit for QSPI0 booting with SPI flash



11.3 PCB Layout Considerations for QSPI Flash
QSPIO0 supports (up to L00MHZz) high speed SPI flash memory device for booting.

For PCB design, standard high speed layout practices should be followed. This session
provides the recommendations for PCB layout.

11.3.1 Power Supply Decoupling

The SPI Flash has one power supply pin (VCC) and one ground pin (GND). One ceramic
capacitor with 0.1uF at least is recommended for power supply decoupling. This capacitor
should be placed as close as possible to the power supply pin of the package.

11.3.2 Clock Signal Routing

In high speed synchronous data transfer, good signal integrity in a PCB design is of
importance, especially for the clock signal. When routing the clock signal, special cares
should be taken. The following practices are recommended.

® Run the clock signal at least 3x of the trace width away from all other signal traces. This
helps to keep clock signal clean from noise. See the 13-3-2-1 Figure.

® Use as less via(s) as possible for the whole path of clock signal. Via will cause
impedance change and signal reflection.

® Run the clock trace as straight as possible and avoid using serpentine routing. See the 13-
3-2-2 Figure.

® Keep a continuous ground in the next layer as reference plane.

® Route the clock trace with controlled impedance.

Signal traces

Clock trace

Figure 11.3.2-1 Separate SPI Clock From Other Signals

O

Run straight trace for clock

/V

Avoid serpentine for clock

Figure 11.3.3-2 Run Straight Trace for Clock



11.3.3 Data Signal Routing

QSPI Flash has a 4-bit data bus, 100 - 103. In order to keep the correct timing for the data
transfer, in the PCB routing, the data traces should match the time delay with the clock trace
from the host controller to the Flash. The data signals should be routed with the traces of
controlled impedance to reduce the signal reflection. It should be avoided to route the traces
with 90 angle corner. The recommendation is to cut the corner and smooth the trace when
trace route needs to change direction.

Figure 5 shows the example of trace routing at the corner. To further improve the signal
integrity, it should be considered to avoid using multiple signal layers for data signal routing.
All signal traces should have a continuous reference plane.

° o
3\ Smooth corner reduces
P Sharp corper causes [ J reflection
reflection
. | \ .
° \ ®
e
®

Figure 11.3.3 Signal Routing at the Corner

11.3.4 Recommendations

The following is a check list of PCB design recommendations.

® Put the decoupling capacitor as close as possible to the power pin. A value of around 0.1
. F ceramic capacitor with 0603/0402 package is a good choice.

® Clock should be routed straight and with less via if possible. Separation of clock and
other signals is important to make the clock clean.

® All signal traces should go with a solid reference plane (either GND or VCC).

® All signals should be routed with controlled impedance. Typically, the PCB is
recommended to be built using 50-75 Ohm trace impedance with +/- 5% tolerance.

® Data bus should be routed with matching length to the reference of the clock. The
matching length, typically, is recommended within +/- 150 mils.



12 Controller Area Network (CAN) Interface

The Controller Area Network (CAN) is a serial communications protocol that efficiently
supports distributed real-time control with a very high level of security. Its domain of
application ranges from high speed networks to low cost multiple wiring. The maximum
signaling rate is 1 Mbps.

NUC980 have four sets of CAN 2.0B controllers, each supports 32 Message Objects; each
Message Object has its own identifier mask.

CAN controller performs communication according to the CAN protocol version 2.0 part A
and B. The bit rate can be programmed to values up to 1MBit/s. For the connection to the
physical layer, additional transceiver hardware is required.

12.1 Pin Configuration
Table 12.1 CAN interface pin-list

Group Pin Name GPIO MFP Type Description
PC.3 MFP7 |
PD.6 MFP4 |
CANO_RXD CANO bus receiver input.
PG.11 MFP4 |
PE.O MFP2 |
CANO
PC4 MFP7 0
PD.7 MFP4 0
CANO_TXD CANO bus transmitter output.
PG.12 MFP4 0
PE.1 MFP2 0
PA.13 MFP5 |
PD.14 MFP4 |
CAN1_RXD CANT1 bus receiver input.
PG.13 MFP4 |
PE.2 MFP2 |
CAN1
PA.14 MFP5 0
PD.15 MFP4 0
CAN1_TXD CAN1 bus transmitter output.
PG.14 MFP4 ]
PE.3 MFP2 ]
PA.15 MFP5 |
PB.1 MFP4 |
CAN2_RXD PB.8 MFP3 | CAN2 bus receiver input.
CAN2 PD.12 MFP4 |
PE.4 MFP2 |
PG.10 MFP5 0]
CAN2_TXD CAN2 bus transmitter output.
PB.3 MFP4 0




Group Pin Name GPIO MFP Type Description
PC.0 MFP3 (6]
PD.13 MFP4 o
PE.5 MFP2 o
PA.0 MFP7 |
CAN3_RXD PE.6 MFP2 | CANB bus receiver input.
PE.10 MFP2 |
CAN3
PA.1 MFP7 (6]
CAN3_TXD PE.7 MFP2 o CANS3 bus transmitter output.
PE.12 MFP2 o
12.2 Reference Connection
____________________________ -
NUC980

CANTX

CAN-Controller

CANRX

Y

\d

CAN Transceiver

SN65HVD230

r

4

CAN Bus Line
\d

A 4

\ 4

Figure 12.2-1 CAN BUS Connectivity
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Figure 12.2-2 reference circuit for CAN BUS transceiver connection

12.3 CAN BUS Layout Recommendations

The following points should be considered to achieve best performance:

It is recommended to place the CAN transceiver as close as possible to the ECU connector
in order to minimize track length of bus lines.

« CAN Tx and Rx connections to NUC980 should be as short as possible.
Place one 100nF capacitors close to CAN transceiver VCC, it is recommended to use
ceramic capacitors.
For EMI improvement maybe a CMC (common mode choke) is used, it has to be placed
as close as possible to the transceiver bus pin CANH and CANL.

+ Avoid routing CANH and CANL in parallel to fast-switching or off-board signals in order
to reduce noise injection to the bus.

« Avoid routing digital signals in parallel to CANH and CANL.

« CANH and CANL tracks should have the same length. They should be routed
symmetrically close together with smooth edges.
Avoid routing transceiver GND and NUC980 GND in serial. GND connector should be
placed as close as possible to the transceiver.



13 FMI NAND & SD/eMMC Interfaces

NUC980 Flash Memory Interface (FMI) controller has DMA unit and FMI unit. The DMA
unit provides a DMA (Direct Memory Access) function for FMI to exchange data between
system memory (ex. SDRAM) and shared buffer (128 bytes), and the FMI unit control the
interface of SD0/eMMCO or NAND flash. The interface controller can support SD0/eMMCO
(4-bit data mode) and NAND-type flash booting and the FMI is cooperated with DMAC to
provide a fast data transfer between system memory and cards.

NUC980 Secure Digital Host Controller (SD Host) has DMAC unit and SD unit. The DMAC
unit provides a DMA (Direct Memory Access) function for SD to exchange data between
system memory and shared buffer (128 bytes), and the SD unit controls the interface of
SD1/eMMCL1. The SD Host Controller can support SD1/eMMC1 (4-bit data mode) booting
and cooperated with DMAC to provide a fast data transfer between system memory and
cards.

13.1 Pin Configuration
Table 13.1-1 NAND interface pin-list

NAND_ALE PC.3 MFP3 | NAND Flash address latch enable.
NAND_CLE PC.4 MFP3 | NAND Flash command latch enable.
NAND_DATAO PC.8 MFP3 1/0 NAND Flash date input/output.
NAND_DATA1 PC.9 MFP3 110 NAND Flash date input/output.
NAND_DATA2 PC.10 MFP3 110 NAND Flash date input/output.
NAND_DATA3 PC.11 MFP3 110 NAND Flash date input/output.
NAND_DATA4 PC.12 MFP3 1/0 NAND Flash date input/output.
NAND NAND_DATA5 PC.13 MFP3 110 NAND Flash date input/output.
NAND_DATA6 PC.14 MFP3 1/0 NAND Flash date input/output.
NAND_DATA7? PC.15 MFP3 110 NAND Flash date input/output.
NAND_RDY0 PC.7 MFP3 | NAND Flash ready/busy input.
NAND_nCS0 PC.1 MFP3 | NAND Flash chip enable input.
NAND_nRE PC.6 MFP3 | NAND Flash read enable.
NAND_nWE PC.5 MFP3 | NAND Flash write enable.
NAND_nWP PC.2 MFP3 | NAND Flash write protect input.




Table 13.1-2 SD/eMMC interfaces pin-list

SD0_CLK

SDO clock output pin

PC.6 MFP6 (6]
eMMCO_CLK eMMCO clock output pin
SDO CMD SDO command/response pin
— PC.5 MFP6 1/0
eMMCO0_CMD eMMCO command/response pin
— PC.7 MFP6 1/0
eMMCO_DATAO eMMCQO data line bit 0.
SDO/eMMCO  |eMMCO_DATAL PC8 MFPe V0 eMMCO data line bt 1.
— PC.9 MFP6 1/0
eMMCO0_DATA2 eMMCO data line bit 2.
SDO data line bit 3.
SDO_DATAS PC.10 MFP6  [I/O o
eMMCO0_DATA3 eMMCO data line bit 3.
PB.8 MFP6 |
SD0_nCD SDO card detect input pin
PC.12 MFP6 |
SD1_CLK SD1 clock output pin
— PF.1 MFP2 (0]
eMMC1_CLK eMMC1 clock output pin
SD1_ CMD SD1 command/response pin
— PF.0 MFP2 1/0
eMMC1_CMD eMMC1 command/response pin
SD1 data line bit 0.
SDL_DATAQ PF.2 MFP2 /0 o
eMMC1_DATAO eMMC1 data line bit 0.
SD1/eMMC1 SD1 data line bit 1.
SDL_DATAL PF.3 MFP2 /0 o
eMMC1_DATAl eMMCL data line bit 1.
— PF.4 MFP2 1/0
eMMC1_DATA2 eMMC1 data line bit 2.
SD1 data line bit 3.
SDL_DATA3 PF.5 MFP2 /0 o
eMMC1_DATA3 eMMC1 data line bit 3.
SD1_nCD PF.6 MFP2 | SD1 card detect input pin




13.2 FMI Reference Connection
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Figure 13.2-1 reference circuit for NAND Flash connectivity
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Figure 13.2-2 reference circuit for SD0/eMMCO connectivity with PC port
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Figure 13.2-3 reference circuit for SD1/eMMCL1 connectivity with PC port

13.3 General PCB Signal Routing Guidelines

The following general guidelines must be considered before and throughout the PCB layout
design effort:

Use the VSS plane as a primary reference or return path for all signals. Power should
only be considered as secondary reference option where a solid continuous ground
reference is also present.

Avoid multiple via on reference planes to eliminate or minimize return current
discontinuity.

Try to avoid routing signal traces at the edge of the reference plane.

Route the identified longest signal trace first before routing and adjusting the length of
other signal traces.

Route the same signal groups on the same signal layer and follow the routing from pin to
pin as a group (that is, route them together).

Isolate the ground return path of analog signals from digital signals; i.e. separate digital
and analog grounds.

For SD connectivity, if SD_CLK has serials a resistor for signal quality recovery that it
should be placed to NUC980 side ASAP.

About ESD protection parts for SD, the ESD parts location must close to SD connector
side ASAP and also need to use low capacitance CL value to avoid that side-effect what
SDHC memory card accesses at SD_CLK 50MHz.



14 1?C, SPI & I?S Interfaces

The 12C bus uses two wires (SDA and SCL) to transfer information between devices
connected to the bus. NUC980 provides 4 sets of 12 devices with Master/Slave mode, it
supports Standard mode (100kbps), Fast mode (400kbps) and Fast mode plus (LMbps), it can
support SMBus and PMBus and with PDMA operation.

The Serial Peripheral Interface (SPI) applies to synchronous serial data communication and
allows full duplex transfer. NUC980 except for one QSPI controller and also have up to 2 sets
of SPI controllers to support Master or Slave mode operation, Master mode up to 100MHz
and Slave mode up to 100MHz. Each SPI controller can support the PDMA function to access
the data buffer.

The 155 controller consists of 155 and PCM protocols to interface with external audio CODEC.
The 1% and PCM interface supports 8, 16, 18, 20 and 24-bit left/right precision in record and
playback. NUC980 has one set of 155 controller use DMA to playback and record data with
interrupt, it supports I interface record and playback with mater and slave mode, also
support PCM interface record and playback with master mode only.

14.1 Pin Configuration
Table 14.1-1 12C0/1/2/3 interfaces pin-list

PA.1 MFP3 110
12C0_SCL PG.10 MFP2 110 12CO0 clock pin.
PE.12 MFP6 1/10
12C0
PA.O MFP3 110
12C0_SDA PA.15 MFP2 110 12C0 data input/output pin.
PE.10 MFP6 110
PA.14 MFP2 1/10
12C1_SCL PB.4 MFP2 110 12C1 clock pin.
PC.3 MFP4 1/10
12C1
PA.13 MFP2 1/0
12C1_SDA PB.6 MFP2 110 12C1 data input/output pin.
PC4 MFP4 1/0
PB.5 MFP2 1/10
12C2_SCL 12C2 clock pin.
PB.8 MFP2 110
12C2
PB.7 MFP2 110
12C2_SDA 12C2 data input/output pin.
PC.0 MFP2 1/0
PB.3 MFP2 1/0
12C3_SCL 12C3 clock pin.
12C3 PD.14 MFP3 1/0
12C3_SDA PB.1 MFP2 1/0 12C3 data input/output pin.




Table 14.1-2 SP10/1 interfaces pin-list

PC.6 MFP5 lfe}

SPIO_CLK SPIO serial clock pin.
PD.9 MFP1 1/0
PC.8 MFP5 1/0

SPI0_MISO SPIO MISO (Master In, Slave Out) pin.
PD.11 MFP1 1/0
PC.4 MFP6 I/0
PC.7 MFP5 I/0

SPI0O_MOSI SPI0O MOSI (Master Out, Slave In) pin.
PC.14 MFP5 lfe}

SPIO

PD.10 MFP1 1/0
PC.5 MFP5 110

SPI0_SSO0 SPIO0 slave select O pin.
PD.8 MFP1 I/0
PB.3 MFP6 1/0
PC.0 MFP5 1/0

SPIO_SS1 SPIO slave select 1 pin.
PD.1 MFP1 1/0
PG.15 MFP1 I/0
PG.10 MFP6 I/0
PB.4 MFP6 I/0

SPI1_CLK SPI1 serial clock pin.
PB.10 MFP5 1/0
PG.12 MFP2 1/0
PB.5 MFP6 1/0

SPI1_MISO PB.12 MFP5 1/0 SPI1 MISO (Master In, Slave Out) pin.
PG.14 MFP2 1/0

SPI1 PB.7 MFP6 1/0

SPI1_MOSI PB.11 MFP5 1/0 SPI1 MOSI (Master Out, Slave In) pin.
PG.13 MFP2 1/0
PA.15 MFP6 1/0
PB.6 MFP6 1/0

SPI1_SS0 SPI1 slave select O pin.
PB.9 MFP5 1/0
PG.11 MFP2 1/0

SPI1_SS1 PB.1 MFP6 1/0 SPI1 slave select 1 pin.




Table 14.1-3 I=S interface pin-list

PA.3 MFP2 O

12S_BCLK PG.10 MFP8 O 12S bit clock output pin.
PB.4 MFP3 o
PA.4 MFP2 I

12S_DI I12S data input pin.
PB.7 MFP3 I
PA5 MFP2 O

12S 12S_DO 12S data output pin.

PB.5 MFP3 O
PA.2 MFP2 O

12S_LRCK PA.15 MFP8 (0] 12S left right channel clock output pin.
PB.6 MFP3 O
PA.6 MFP2 O

12S_MCLK I12S master clock output pin.
PB.1 MFP3 (@)

14.2 Reference Connection
SDA SDAQO SDA1 SDA
SCL SCLO SCL1 SCL
12c 12c
Bus Master Bus Slave
(1 MHz) NUC980 (1 MHz)
B Bus 0 ) Bus 1 B

Figure 14.2-1 12C Application Block Diagram
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Figure 14.2-4 IC & 155 connectivity with external audio codec




14.3 PCB Layout Considerations

14.3.112C

The I12C bus is a world standard over thousands different ICs manufactured. Additionally, the
I2C bus is used in various control architectures such as System Management Bus (SMBus),
Power Management Bus (PMBus). Serial, 8-bit, bi-directional data transfers can be made at
up to 100 Kbit/s in Standard-mode, up to 400Kbit/s in Fast-mode, or up to 1Mbit/s in Fast-
mode Plus, also up to 3.4 Mbit/s in High-speed mode.

PCB design should be have spike rejection filter on the bus data line to preserve data
integrity. The number of ICs that can be connected to the same bus is limited only by the
maximum bus capacitance. More capacitance may be allowed under some conditions. As the
figure 16-4 reserved the serial resistor and capacitor of termination for I2C bus signals
integrity preservation.

14.3.2 SPI

The Serial Peripheral Interface (SPI) bus is a full duplex synchronous serial communication
interface specification used for short distance communication. SPI devices communicate in
full duplex mode using Master-Slave architecture with a single master. The master device
originates the frame for reading and writing. Multiple slave devices are supported through
selection, with individual slaves selected by CS lines.

The NUC980 may be configurable as a SPI master or slave depending on the application, with
two SPI devices that can be used. The SPI interface could be an external serial flash or
application processor that needs to be configurable to different memory maps.

Same as QSPI0, SP1 CLK speed also supports up to 100MHz, about the PCB layout
consideration can be follow up.

14.3.3 125

NUC980 development board provides 155 interface and connected with an external audio
codec NAU8822L shown as the figure 16-4. The driver of the 155 device is available for now.

I%S is a digital audio interface can connect to master/slave device directly without concerns,
regarding to device’s quality and performance, such as NAU8822L audio codec, please refer
to the NAUB8822L design guidelines.



15 UART & Smart Card Interface (ISO/IEC 7816-3)

The NUC980 provides 10 channels of Universal Asynchronous Receiver/Transmitters
(UART). The UART controller performs Normal Speed UART and supports flow control
function. The UART controller performs a serial-to-parallel conversion on data received from
the peripheral and a parallel-to-serial conversion on data transmitted from the CPU. Each
UART controller channel supports ten types of interrupts. The UART controller also supports
IrDA SIR, LIN, RS-485 and Single-wire function modes and auto-baud rate measuring
function.

The Smart Card Interface controller (SC controller) is based on ISO/IEC 7816-3 standard and
fully compliant with PC/SC Specifications. It also provides status of card insertion/removal.
NUC980 provides up to two ISO-7816-3 ports. It has separated receive/transmit 4 byte entry
FIFO for data payloads can support UART mode with Full duplex, asynchronous
communications.

15.1 Pin Configuration
Table 15.1-1 UARTIO0..9] interfaces pin-list

UARTO_RXD PF.11 MFP1 | UARTO data receiver input pin.
UARTO
UARTO_TXD PF.12 MFP1 o UARTO data transmitter output pin.
PC.8 MFP7 |
UART1_CTS UART1 clear to Send input pin.
PF.7 MFP2 |
pC.7 MFP7 0
UART1_RTS UART1 request to Send output pin.
PF.8 MFP2 0
PA.O MFP4 |
UART1
UART1_RXD PC.6 MFP7 | UART1 data receiver input pin.
PF.9 MFP2 |
PA.1 MFP4 0
UART1_TXD PC.5 MFP7 (e} UART1 data transmitter output pin.
PF.10 MFP2 0
PA.7 MFP2 |
UART2_CTS PG.2 MFP2 | UART2 clear to Send input pin.
PB.0 MFP2 |
PA.8 MFP2 0
UART2_RTS UART?2 request to Send output pin.
PG.3 MFP2 0
UART2 PA.9 MFP2 |
UART2_RXD PG.0 MFP2 | UART2 data receiver input pin.
PD.7 MFP2 |
PA.10 MFP2 0
UART2_TXD PG.1 MFP2 o UART?2 data transmitter output pin.
PD.6 MFP2 0




PB.12 MFP1 |
UART3_CTS PD.5 MFP2 | UARTS clear to Send input pin.
PF.4 MFP5 |
PB.11 MFP1 0]
UART3_RTS PD.4 MFP2 o UART3 request to Send output pin.
PF.5 MFP5 0
PC4 MFP5 |
UART3 PB.10 MFP1 |
UART3_RXD UART3 data receiver input pin.
PD.3 MFP2 |
PF.6 MFP5 |
PC.3 MFP5 ]
PB.9 MFP1 0
UART3_TXD PD.2 MFP2 o UART3 data transmitter output pin.
PB.13 MFP5 0]
PF.7 MFP5 ]
PD.15 MFP1 |
UART4_CTS UART4 clear to Send input pin.
PE.O MFP5 |
PD.14 MFP1 0
UART4_RTS UART4 request to Send output pin.
PE.1 MFP5 0]
PC.10 MFP7 |
UART4
UART4_RXD PD.13 MFP1 | UART4 data receiver input pin.
PE.2 MFP5 |
PC.9 MFP7 0
UART4_TXD PD.12 MFP1 o UART4 data transmitter output pin.
PE.3 MFP5 0
PG.4 MFP2 |
UART5_CTS UARTS clear to Send input pin.
PG.11 MFP5 |
PG.5 MFP2 0
UARTS5_RTS UARTS5 request to Send output pin.
PG.12 MFP5 0
PG.6 MFP2 |
UART5
UART5_RXD PD.1 MFP2 | UARTS data receiver input pin.
PG.13 MFP5 |
PG.7 MFP2 0
UART5_TXD PD.0 MFP2 o UARTS5 data transmitter output pin.
PG.14 MFP5 0
PA.2 MFP1 |
UART6 UART6_CTS UARTES clear to Send input pin.
PD.8 MFP2 |




PA.3 MFP1 0
UART6_RTS UARTS6 request to Send output pin.
PD.9 MFP2 0
PA.4 MFP1 |
UART6_RXD PD.11 MFP2 | UARTS data receiver input pin.
PE.8 MFP5 |
PA.5 MFP1 0
UART6_TXD PD.10 MFP2 (0] UARTS6 data transmitter output pin.
PE.9 MFP5 0
PB.7 MFP5 |
UART7_CTS UARTY clear to Send input pin.
PF.0 MFP5 |
PB.5 MFP5 ]
UART7_RTS UARTY request to Send output pin.
PF.1 MFP5 0
PA.14 MFP6 |
PB.4 MFP5 |
UART7 UART7_RXD UARTY? data receiver input pin.
pC.2 MFP4 |
PF.2 MFP5 |
PA.13 MFP6 ]
PB.6 MFP5 0]
UART7_TXD UARTY data transmitter output pin.
PC.1 MFP4 0
PF.3 MFP5 0
PG.9 MFP2 |
UART8_CTS UARTS clear to Send input pin.
pPC.15 MFP7 |
PG.8 MFP2 0
UART8_RTS UARTS request to Send output pin.
PC.14 MFP7 0
PA.11 MFP2 |
UARTS8
UART8_RXD PC.0 MFP4 | UARTS data receiver input pin.
PC.13 MFP7 |
PA.12 MFP2 0
UART8_TXD PB.8 MFP4 o UARTS data transmitter output pin.
PC.12 MFP7 ]
UART9_CTS PE.4 MFP5 | UARTO clear to Send input pin.
PB.2 MFP7 o
UART9_RTS UART9 request to Send output pin.
PE.5 MFP5 0
UART9 PB.3 MFP7 |
UART9_RXD PE.6 MFP5 | UART?9 data receiver input pin.
PE.10 MFP3 |
UART9_TXD PB.1 MFP7 o UART?9 data transmitter output pin.




PE.7

MFP5

PE.12

MFP3

Table 15.1-1 SMART Card0/1 interfaces pin-list

PA.2 MFP3 |

SCO0_CD Smart Card O card detect pin.
PC.15 MFP4 |
PA.5 MFP3 0

SCO0_CLK Smart Card 0 clock pin.
pPC.12 MFP4 0
PA.4 MFP3 1/0

SCOo SCO_DAT Smart Card 0 data pin.

PC.13 MFP4 110
PA.3 MFP3 (6]

SCO0_PWR Smart Card 0 power pin.
PC.14 MFP4 o
PA.6 MFP3 o

SCO_RST Smart Card 0 reset pin.
PC.11 MFP4 o
PC.10 MFP4 |

SC1_CD Smart Card 1 card detect pin.
PF.4 MFP4 |
PC.7 MFP4 (6]

SC1_CLK Smart Card 1 clock pin.
PF.1 MFP4 o
PC.8 MFP4 110

SC1 SC1 DAT Smart Card 1 data pin.

PF.2 MFP4 110
PC.9 MFP4 (6]

SC1_PWR Smart Card 1 power pin.
PF.3 MFP4 (6]
PC.6 MFP4 (6]

SC1 RST Smart Card 1 reset pin.
PF.0 MFP4 o




15.2 Reference Connection

UART_nCTS E@

UART_RXD Eﬂ

Serial to Parallel

> APB BUS
- A l
NUC980
RX FIFO TXFIFO
A A
Flow Control
> E@ UART_n RT.S'_

Y

Serial to Parallel

E§ UART_TXI i

Figure 15.2-1 UART with Control Flow Block Diagram

IrDA Receiver

APB Bus
- >
Y L
UART
IrDA X Controller R¥<—
Control Register
IrDA Function
‘Fnable
SOUT IR_SOUT
TXEN -~
TXINV : IrDA
RXINV > SIR SINF—
UART_RXD
IR SIN

ART TXD
Z |—>“ IrDA Transmitter

Figure 15.2-2 IrDA Control Block Diagram




RX <
™ I/I'/ Differential Bus
nRTS river Enable
UART/ RS- 485 Controller RS- 485 Transceiver

Figure 15.2-3 RS485 mode Block Diagram

RS232_2
UR2 TX

UR2 C

e—1-|
2
7
__________________________ | UR2 RX 3
o 8
se—4
w—239 |

wOn
8 3

VvDD33

un CB46
SN75C3232EDR 0.1uF

D20 D21 D22 D23
CB48 | CB4_| I[“_UFI— C1i+ VCC SDS311N [ESDS311N ESDS311N ESDS311N
VSS || | V+ GND —}fW |1vss

cBag lm._ C1- T1o [+ UR2 RX
50 C2+ Riin UR2_RXD
lvss C2-  Rio = R TXD

2l URZRT 7Y~ Tln M0 UR2 RIS

T20 T2in
j 3 CT R2 CTS
1uF UR2.CT 8] poin  Roo [FA—URECIS.
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o
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Figure 15.2-4 RS232 connectivity with UART2
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10K

175
R177 33 %ﬂ'ﬂ SIMT7 Card
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CON30
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D55 D56 D57 FB
R178 SDS5311N ESDS311N ESDSSHN
10K

@l
(%]
(%]
(%]
ol
(%]
el
(%]

D58
SDS311N

<
W
W

Figure 15.2-5 SMART Card connectivity with SC1




16 Reference Schematic
This section shows the NUC980 reference design circuit.

® System Block Diagram

CHEMATICO1 CHEMATIC001

GPIO List System Block-P

VD33_RTC

PG[15:11]

nNRESET

PE[9:0] VDD33

PE11

NRESET

nNRESET

VD33 RTC PA[1:0] VD33 RTC
VD18 PB8 VDD33
PCO Vvss

USBO_DP
USBO_DM

USB1 DP
USB1_DM

HOST Lite

ate: Thursday, July 26, 2018

Eheel 1

VDD33
VD33
VD33 ADC
VDD18
VD18
oo nuvoTon Technology Corp.
VD12 [Title

i ! NUC980 Reference Circuit

Power Filter ize Document Number ev
System Block r Lo
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® GPIO Pin Assignment List

USB_1 HOST x1
USB_0/1/2/3/4/5 HOST Lite x6
GPIO x12

PIN | FUNCTION PIN | FUNCTION PIN | FUNCTION PIN | FUNCTION PIN | FUNCTION PIN [ FUNCTION PIN | FUNCTION
IPAO  [[2CO_SDA PBO RADC_AIN[O]| [PCO [[2C2_SDA IPD2 [LED1 PEO RMIIO_RXERR IPFO SBHL1_DM | [PGO [CFG[O0]
[PAl [[2C0_SCL PB1 easure IC| [PC1 AND_CSO IPD3  [LED2 PE1 [RMIIO_CRSDV PF1l [USBHL1 DP | [PG1 [CFG[1]
IPA2 PB2 PC2 AND_WP IPD4 [LED3 PE2 RMIIO_RXD1 PF2 [USBHL2_DM | [PG3 [CFG[3]
[PA3 [UART6_RTS | [PB3 easure IC| [PC3 AND_ALE IPD5 [LED4 PE3 RMIIO_RXDO PF3 [USBHL2_DP | [PG5 [CFG[5]
[PA4 [UART6_RXD | [PB4 [SPI1 CLK PC4 AND_CLE IPD6 [LEDS PE4 RMIIO REFCLK| [PF4 [USBHL3_ DM | [PG6 [FG[6]
[PAS [ART6_TXD | [PBS [SPI1 DI PC5 AND_WE IPD7 [LED6 PE5 RMIIO_TXEN PF5 [USBHL3_DP | [PG7 [CFG[7]
IPA6 [LED7 PB6 [SPI1_SSO PC6 AND RE [PD8 [SPIO_SSO PE6 RMIIO_TXD1 IPF6 SBHL4_DM | [PG8 [CFG[8]
IPA7 [LED8 PB7 [SPI1_DO PC7 AND _RDYO | [PD9 [SPIO_CLK PE7 RMIIO_TXDO IPE7 SBHL4_DP | [PG9 [FG[9]
IPA8 ART2_RTS | [PB8 [[2C2_SCL PC8 NAND_DO IPD10 SPIO_DO PE8 RMIIO_MDIO IPF8 SBHL5_DM | [PG11 TAGO_TDO
IPA9 ART2_RXD | [PB13 PC9 AND_D1 PD11 EPIO_DI PE9 RMIIO_MDC IPF9 SBHL5_DP | [PG12 UTAGO_TCK
IPA10 UARTZ_TXD PC10 ]—\ND_DZ IPD12 ESAM ID PE10 Watchdog PF10 PG13 JTAGO_TMS
[PA11l UART8_RXD PC11 NAND_D3 IPD13 PWMO1 PE11 USBO_VBUSVLD| [PF11 UARTO_RXD | |[PG14 gTAGO_TDI
[PA12 [UART8_TXD FUNCTION: PC12 NAND_D4 [PD14 [USBHLO_DM | [PE12 fWatchdog [PF12 UARTO_TXD | [PG15 PJTAGO_NTRST

NAND Flash x1
[PC13 NAND D5 IPD15 [USBHLO DP

SPI_0/1 x2 = =
12C_0/2 x2 PC14 NAND D6
RMII 0 x1

- [PC15 NAND D7
ADC_0 x1 —
UART_2/6/8 x3
UART_0 debug port x1
PWM_01 x1
LED x8
ICE 0 x1

- _ nuvoTon Technology Corp.
USB_0 Device x1 e

NUC980 Reference Circuit
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GPIO List
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® System Power Supply

vgus o1 VIN
1 2
RB5215-30
CON1
C-PLUG
VIN 5V :I,: 1 _|crs
NE Tanu
A%
~
vss
vss
3.3V RTC Power
VDD33  p2 VD33 RTC
o (e

RB521S-30 C3

D3 1u
RB521S-30

BAT Detection

— BT1
l CR2032 (3V@240mAH)
VS

PBO OL
o [ —
VBUS VBUS

VD33_RTC I—-—VD33 RTC
VDD33 VDD33

VDD18 VDD18

vop1z [ RDi2
vss [ }—

VIN
o

l R1
10K

L1 4.7uH
. u1 —
VINO: _|_ T{Vin Sw
7% EN
cry J__ GND FB
10u 2 =
_[2 2771037
L c VSS  Tsot25
vss R3
vss 150K
vss
VIN
)
J R4
10K
w L2 4.7uH
Vin  SW
EN
GND FB
2T7103T
TSOT-25 RS
R6
120K
vin Vss
lm
10K Us L3 4.7uH
4
VINO: _|_ T{Vin Sw
7% EN
CT) J__ GND FB
10u T =
_L7 2771037
o - VSS  TsoT.25
vss R9
= 100K
vss

VBDIS

VDD33
8 3.3V I/0 Power

VDD12
8 1.2V Core Power

1.8V DRAM Power

nuvoTon Technology Corp.
" NUC980 Reference Circuit
ize Document Number ev
A Power rl-o
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® NUC980 Main Chip

U4

USBO_ID 128 vss - PA[12:0]
A USBO_ID VSS_IO [MT27UsBo REXT PA[12:0]
A 3 PAOIQSPO_S1/ICO_D/RX1/CA3_R/TMO_E/ITO USBO_REXT o33 PB[8:0)
A 7| PALE_S2/E_MCK/ICO_C/TXL/CA3_T/TM1_E/ITL VDD33_USBO [T75—SB0 DP PB[8:0] O—l—l—
A 5 PA2/CT6/IS_LCK/SCO_CD/JG1_DO/TM2_E USBO_DP 174580 DM PB13
A 51 PA3/RT6/IS_BCK/SCO_P/JG1_CK/TM3_E USBO DM I3 Vp12 pB13 < >——
A 7 PA4/RX6/1S_DI/SCO_D/IG1_MS/TM4_E VDD12_USBPLLO 127 USBT REXT PC[15:0]
PA g| PAS/TX6/IS_DO/SCO_C/IGL_DI/TM5_E USB1_REXT VD33 PC[15:0]

5 g PAG/E_S1/IS_MCK/SCO_R/JG1_RST VDD33_USBL [T20USeI BF PD([15:2
Vi 101 VDD33_I0 USB1_DP [TT9USBI DM PD[15:2]
) 11| VDD12_Core USB1_DM [I18 Vp12 PE[12:0]
) T7| VDD18_DDR VDD12_Core [TI7PETs PE[12:0]
i T3 VDD18_DDR PE12/USB_PEN/CA3_T/TX9/PW13/IC0_C/CP1_CK/IT3 [FTT6PETT PF[12:0
PA 14| VDD12_Core PE11/USBO_VBUS ["T15 PE10 PF{12:0]
A T5-{ PAT/E_WE/CT2/TM3_C PE10/USB_OV/CA3_RIRX9/PW12/ICO_D/CP1_FINT2 [FTT4—pgg —— PG[L:0]
PA 16| PAS/E_RE/RT2/TM3_T PEY/RII0_MDC/TX6/UL5_P/CP1_D7 [-TT3—PEg PG[1:0] O—L—]—
PALO T7| PAS/E_SO/RX2/TM2_C PES/RII0_MDI/RX6/UL5_M/CP1_D6 PET PG3
PAIT 5| PALO/E_ALO/TX2ITM2_T PE7/RII0_TX0/CA3_T/TX9/UL4_PICP1_D5 [~TTT PEG PG3
PALY g PALE_AY/RXB/TM4_C PE6/RII0_TXL/CA3_R/IRX9/UL4_M/CP1_D4 [-TT0—pEE—— PG[9:5]
VD33 0| PAL2/E_AS/TXB/TMA_T PES/RII0_TXE/CA2_T/RTY/UL3_P/CP1_D3 [FT00 pgq PG[9:5] O—u—
PG 21 VDD33_10 PE4/RIIO_RCK/CA2_R/CT9/UL3 M/CP1 D2 [-T08 Pz PG[15:11]
BGs 22| PGY/CFGY/E_ATICTB/PW13 PE3/RII0_RX0/CAL_T/TX4/UL2_PICP1 D1 [107—PEs PG[15:11}
BG7 23| PG8/CFG8/E_AG/IRTB/PW12 PE2/RII0_RXU/CAL_R/RX4/UL2_M/CP1_DO [FT06PET 32K IN
G5 24| PGTICFGTIE_ASITXS/PW1L PEL/RIIO_CRSV/CAO_T/RT4/ULL_P/CP1_V [FT05 g5 32KIN m
Bas 75| PG6/CFGE/E_A4/RXS/PW10 PEO/RII0_RXE/CAO_RICT4/ULL_WCP1_H FT04—Tov 00T 32K 0UT =
BG3 26| PG5/CFG5/E_A12/RTS _OUT (108 oM 1N 12M IN
GT 27| PGI/CFG3/E_A3RT2IPW3 XUIN FI07—053—— 12M_IN m
e 28| PGUCFGUE_ALTX/PW1 VDD33_10 [FT0TPF17 12M_0uUT =
B0 29| PGOICFGO/E_AO/RX2/PWO/CK_O PF12/TX0 [-100PFIT USBO DM
PG 30| PBO/ADO/BAT/E_A12/CT2 PFLURX0 09— PFT0 USBO_DM
PBI 31| PB6/AD6/XWE_AL3/IC1_D/IS_LCK/ULO_M/TX7/SP1_SO PF10/TXL/TM5_T/PW11/CP1_PCK/E_D15 (98— pF USBO_DP USB0-REXT
VS5 ADC 32| PB4/AD4IYMIE_A14/IC1_C/IS_BCK/ULO_P/RX7/SP1_C PFO/RII1_MDC/RXU/TML_C/PW10/UL5_P/E_D14 [-97—pF USBO_REXT 0SB0 1D
VB33 ADC 33 VSS_ADC PF8/RIIL_MDI/RTLTML_T/PW3/UL5_WE D13 (95— pF USBO_ID
BET — 7 VDD33_ADC PF7/RIIL_TX0/CTL/TMS_C/PW2/TX3/UL4_P/E D12 [95—y55 USBL DM
PES 35| PB7/AD7/XPIE_A15/IC2_D/IS_DI/ULO_M/CT7/SP1_DO VSS_PLL 9 —\piz USB1 DM USBI DP
BET 5 PB5/ADS/Y PIE_A16/IC2_C/IS_DO/ULO_P/RT7/SP1_DI VDD12_Core 93— pgis USBL DP USBTREXT
P53 71 PBU/AD1/VHS/E_A17/IC3_D/IS_MCK/CA2_R/TMO_C/SP1_SL/TX9 PB13/IT2/TM4_T/PW2/TX3/UL4_P/E_DO [g7—pF USB1_REXT —
B2 38| PBI/AD3/VSEN/E_A18/IC3_C/IT2/CA2_T/TMO_T/SPO_SLRX9 PF6/RIIL_TX1/SD1_CD/TM4_CIPW1/RX3/UL4_M/E_D11 [T pF: NRESET
VD33 RTC 39| PB2/AD2/KEY/E_A2IRTY PF5/RIIL_TXE/SD1_D3/eML_D3/TM5_E/PWO/RT3/UL3_P/E_D10 |30 pF. NRESET <__>————
SN 40| YDD33_RTC PF4/RII1_RCK/SD1_D2/eM1_D2/TM4_E/SC1_CD/CT3/UL3_M/E_D9 [-85—pF VD33 ADC
K OUT 41| X32.IN PF3/RII1_RX0/SD1_D1/eM1_DV/TM3_E/SC1_P/TX7/UL2_P/E_D8 [-B8—BF VD33 ADC [
PS4z X32_0UT PF2/RIIL_RX1/SD1_DO/eM1_DO/TM2_E/SC1_D/RXT/UL2_ME_D7 [-87—PF VD33 RTC
VD17 73| PBS/E_AL1/IC2_C/CA2_RITX8/SDO_CD/TMO_C PF1/RII1_CRS/SD1_C/eM1_C/TMI_E/SCI1_C/RT7/ULI_P/E_D6 g5 VD33 RTC [ —r
BCo 44| VDD12_Core PFO/RII1_RXE/SD1_CM/eM1_CM/TMO_E/SC1_R/CT7/ULL_WE_D5 g5 VD33
BC 75| PCO/E_DO/IC2_D/CA2_T/RXB/SPO_SL/TMO_T VDD33_10 g7 —vp was [ ————
BC 75| PCL/E_D1/ND_SOITX7 VDD18_DDR [g7—] VD18
e 37| PC2IE D2IND WPIRXT VDD18 DDR (g7 VD1 voig [
BC 75| PC3/E_D3/CPO_CK/ND_ALE/IC1_CITX3/CA0_R VDD12_Core BT 7RESET VD12
5C5 49| PC4/E_D4/CPO_PCK/ND_CLE/IC1_D/RX3/SP0_DO/CA0_T NRESET/WDT_RST |80 pG15 VD12
FE6 50| PCS/E_D5/CPO_H/ND_WE/SP0_S0/SDO_CM/eM0_CMITXL PG15/JG0_RST/SPO_S1/SP1_S1/IT3 79— pG1s VSS ADC
&7 51| PC6/E_D6/CPO_V/ND_RE/SC1_RISPO_C/SDO_C/eM0_C/RXL PG14/JG0_DI/SP1_DI/CAL_T/TX5/PW13 BCT vss_apC [
BCg— 52| PC7/E_D7/CPO_FI/ND_RB/SCI_C/SP0_DO/SDO_DO/eMO_DO/RTL PG13/JGO_MS/SP1_DO/CAL_RIRXS/IPW12 [77—FGT, vss
Eg—53| PCE/E_D8/CPO_DO/ND_DO/SCI_D/SPO_DI/SDO_D1/eM0_DO/CTL PG12/JG0_CK/SP1_C/TM1_C/CAQ_TIRTSIPW1L [76—pGT vss [
BCT 52| PCY/E_DY/CPO_D1/ND_D1/SC1_P/SDO_D2/eM0_D2/TX4 PG11/JG0_DO/SP1_SO/TM1_TICAQ_R/CTS/PW10 [75—ppT:
BCT 55| PC10/E_D10/CPO_D2/ND_D2/SC1_CD/SD0_D3/eM0_D3/RX4 PD15/CT4/TM3_C/IC3_D/CAI_T/ULO_PIPW3/E_D4 [74—FpT
BCT. 55| PC11/E_D11/CP0O_D3/ND_D3/SCO_R PD14/RT4/TM3_T/IC3_C/CAL R/ULO_M/PW2/E D3 F73—pp13
BCT 571 PC12/E_D12/CPO_D4/ND_D4/SCO_C/SDO_CD/TX8 PD13/RX4/TM2_CICA2_TIPWL/E_D2 [77—Fp1s
BC 5g| PC13/E_D13/CPO_DS/ND_D5/SCO_D/RX8 PD12/TX4/TM2_TICA2_RIPWO/E_D1 7T —pp
BCIS 5| PCL4/E_D14/CPO_D6/ND_D6/SCO_P/SPO_DO/RT8 PD11/SPO_DI/RX6/TNG_E [70—Pp 15

PC15/E_D15/CP0_D7/ND_D7/SC0_CD/CT8 PD10/SPO_DO/TX6/TMA_E
— o] VD33 10 PDY/SPO_C/RTOMVG E |-55—pm nuvoTon Technology Corp.
O 521 PD2/QSPO_SO/TX3/TMA_C PD8/SPO_SO/CTE/TM2_E [ 57 pp' e
53| PD3/IQSPO_C/RX3/TMA_T PD7/QSP0_D3/RX2/CA0_T/TMI_E |66 pps ; ;
\P/SDSAW PD4/QSPO_DO/RT3/TM5_C PD6/QSPO_D2/TX2/CAO_R/TMO_E 15% NUC980 Reference Circuit
—=—————{vss.I0 PD5/QSP0_D1/CT3/TM5_T 5% T Docoment Nomber ™
NUC980 =P NUC980 w0
ale. Thursday Juy26 2018 Bheet 5 o




® Power CAP Filter

VDD33 V833 VD33 ADC
L4 FB L5 FB
cB1_| cB2_| cB3_| CcB4_| CB5_| CB6_| CBY c8 cB8_| c9
0.1u;.|_0.1uF O.1u;.|_0.1uq_0.1uF.|_0.1uF 0,1uF.|_ 10uF—.|_ 0.1uF 10uF—.|_
L L
= R10 0 =
vss Vss_ADC
VDD12 VD12
o o
L6 FB

CBQJ_CB1(J_CBI]J_CBlZJ_CB13J_CBléJ_CBlEJ_ c10 J_cn J_cu J_c13 J_

USBO_REXT USB1_REXT

Vvss

0.1uF| 0.1uF 10uF | 10uF

vss

USBO_REXT USBO_REXT
USB1REXT USB1 REXT
VDD12 e
VD12 =
VDD18 e
VD18 A
VDD33 e

VD33 33 ADC
VD33_ADC e
VSS_ADC S

vss

0.1u;.|_0,1uF—.|_0.1u;.|_0.1uF 0.1uF.|_0.1uﬂ_0.luF.|_ 10uF—.|_10uF—.|_10uF—.|_10uF—|_
=

R11
12.1K

R12
12.1K

2l
2l

nuvoTon Technology Corp.
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® RESET, Power-ON Setting, XTAL & Debugging

Power On Setting

R13 10K
PGO
pop 1 SWL R14 10K
kg
. L swe, R15 10K
e inpE—m AN
SW3 R16 10K
PG5 1 D
SW4 R17 10K
Pes 1n
oy 1 W5 R19 10K
|
L Swe R20 10K
e i NpE— A
sw7 R21 10K
Peo 12
vss

PE10 P
PE12
—— PF[12:11]

o PG[1:0)
pG3 PG3
pojos PG[9:5)
— PG[15:11]
32K_IN
32K IN 32K_OUT
32K_0UT
12M IN
12M IN T2M OUT
12M_ouT
NRESET NRESET

VDD33 VDD33
vop12 [ pPbiz
vss s

32768Hz Crystal
TXC-9H T9 SMD 32.768KHz 30ppm

32K_IN .D.
1 T
1

32K OUT

12MHz Crystal

Ecz G6 R18 1M
N(0) bN(0) | 2B 12M IN 12M_ouT
N(0) DFF(1) | 4KB
FF (1) PN (0) L2 .
bee o heen | ooz J_ oo Fe
N(0) bN(0) | BCH T8 GND XoUT
N(0) DFF(1) | BCH T12 12MHz c19
FF(1) DN(0) | BCH T24 ™CTm-3.2x2.5mm| ==
bee o brecn | Tonoze = = 15p
VSS  VSS =
vss =
vss

System Reset
VDD33
o

VDD33
Q us
L]
PE10 yee
PE12 3| PFO
s}
MR
Llew
= Watchdog
Vss

Debug Tooling

UARTO port

VDD33

[}
R
URORXD PF11

3 UROTXD PF12
e

J1

i

HEADER 4 Vss

ICE
J2

PG

HEADER 8 VSS

Watchdog Timer IC
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® NAND Flash

pC[15:1] PC[15:1]

vbpas [ —PR38
Vss :'L

VDD33
o
NAND Flash
VDg33 CB18| CB19| CT8
VDg33 0.1u | 0.1u 10u
R24 25
é Vss
10 0K <BE| 2B
P 7 — 29 P
& R T|RET §88 88 oo R ¢
c TS0 g{RE. >35> >> 101 3T C10
PC4 CLE 16 | CEL 1102 [37 5 e
C. ALE 17| CLE 1/03 [T c
e W e ue 05 o5 :
W NAND Flash |02 kS D e
1107
0nnn nuy
nunun nunun
>>> >>>
kbl ok
BR| QB8R
vss
nuvoTon Technology Corp.
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® FEthernet RMII PHY + RJ45

nRESET NRESET 1
PE[9:0) T L 32 nRESET
PEI90] < meil 1 E ETH X % TXEN/FXSD nRst [T
VDD33 T E_REFCLK E_ETH X0 3N AVD33 3y o7 TP OPHY-AVDD33
VDD33 E_RXDO E_COL 7| % MDITp 729 E VDT TN
vss L E_RXDL E_XEN 5| ColRMII MDiTn E_REG_OUT
vss [ FH——— E 5| TXEn RegOut [ 27 & Wbl RP 5 1
E % D3 MDIRp 776 E MDI RN 6.19K/1%
£ X1 ™*xD2 MDIRN [75—=——— :
E_TX01 A CB20 C22
E_DXD0 9| L Iset _79’—'\ 0.1uF 10uF
E_RX CIK 0| xDO , Teston 793 £ mpio =
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® |2C Interface
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® LED indication
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® UART Interface
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® SPI Interface
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® USB HS HOST & Device
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® USB1.1FSHOST lite
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Date Revision Description
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NUVOoOTON AN180901

Important Notice

Nuvoton Products are neither intended nor warranted for usage in systems or equipment, any
malfunction or failure of which may cause loss of human life, bodily injury or severe property damage.
Such applications are deemed, “Insecure Usage”.

Insecure usage includes, but is not limited to: equipment for surgical implementation, atomic energy
control instruments, airplane or spaceship instruments, the control or operation of dynamic, brake or
safety systems designed for vehicular use, traffic signal instruments, all types of safety devices, and
other applications intended to support or sustain life.

All Insecure Usage shall be made at customer’s risk, and in the event that third parties lay claims to
Nuvoton as a result of customer’s Insecure Usage, customer shall indemnify the damages and liabilities
thus incurred by Nuvoton.

Flease note that all data and specifications are subject to change without notice.
All the trademanrks of products and companies mentioned in this datasheef belong to their respective owners.

Dec. 06, 2018 Page 100 of 100 Rev 1.0



