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Document Information

Abstract This user manual provides information about hardware features
and information about using this learning board. The Nu-LB-
Nano130 learning board is similar to other development boards.
Users can use it to develop and verify applications to emulate the
real behavior.
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1 Introduction

The Nu-LB-Nanol30 is an evaluation board for NUVOTON’s Cortex™-M0 based Nanol00 series
microcontrollers, and provides a complete development environment for Nano130 microcontrollers which has
8/16K-byte internal SRAM and 32/64/128K-byte embedded flash, build-in 1.8V LDO, integrated

LCD 4x40 dots, USB 2.0 full-speed port, RTC, 12-bit SAR ADC, 12-bit DAC, capacitive Touch-Key and
provide high performance connectivity peripheral interfaces such as UART, SPI, 12C, 12S, GPIOs, EBI
(External Bus Interface) and ISO-7816-3 for Smart card. It supports Brown-Out Detector, power down mode
with RAM retention and fast wake up via all peripheral interfaces.

The Nu-LB-Nano130 learning board is similar to other development boards. Users can use it to develop and
verify applications to emulate the real behavior. The on-board chip covers Nano130 series features. The Nu-LB-
Nano130 can be a real system controller to design users’ target systems.

This user manual provides information about hardware features and information about using this learning board.
The following figure shows the Nu-LB-Nano130 board.
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Figure 1-1 Nu-LB-Nano130 Board (Red)
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1.1 Nu-LB-Nano130

The Nu-LB-Nano130 is built around the NuMicro™ Nano130 MCU and provides versatile external devices
such as one SPI flash for data storage, one SD card slot supported by SPI portl, one I°C interface serial
EEPROM, one UART port with a RS-232 level shifter for console connection (UARTO0) and one 5-pin SWD
interface for ICE debugging.

The following lists the main components of the Nu-LB-Nano130 board:

Main Components:
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MCU: NuMicro™ Nano130 MCU, which can run up to 32MHz operating speed.
GPIO extension slot: GPIO extension slots that support all the GPI/O pins interface.
AUDIO: on-board WAU8822 audio codec.

|2C EEPROM: On-board 24LC64 IC E2PROM.

SP1 FLASH: on-board 25Q16 SPI serial FLASH for data storage.

UART: UART port0 connecting to Male type DSUB-9 connector.

SD card Slot: one sD card slot supported by SPI portl.

Smart card Slot: one Smart card slot supported by SMC portd.

Nu-Link ICE bridge: On-board ICE bridge parts.

SWD connector: one 5-pin SWD ICE port for ICE connection.

LCD connector: Supports TN/STN LCD glass and TFT LCM module.
Touch Pads: 5-key slider and 2-key touch pads onboard.

DC power jack: 5V/1A power adapter input.

LDO: A5V t03.3V/1A LDO that supports Nano130 and on-board devices.
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1.1.1 PCB Placement and Connectors Location

User Manual

This section provides board placement and peripheral connectors’ information for using the Nu-LB-Nano130
board. The following figure shows the connectors’ location of Nu-LB-Nano130 board.
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Figure 1-2 PCB Placement of Nu-LB-Nano130 Board
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AUDIO Line-in connector: J1

® Audio Line-in connector of WAU&822

User Manual

vce_p
o
R11
100K
—
i < PA12
G
\ x gs LINE_PLUG_INn R12 cceé
oC - e B - |1 R2
NvTEE (— 1l
E
ALY 80 1 5.6K R13 CC7 CIC,uF
A
5.6K CIC,220pF
PJIK-634
PHONE-PJK-631
ADAVSS
Ris AP ccs
— . H L2
5.6K R16 lccg c/C,1uF
5.6K CIC,220pF
ADAV
AUDIO HP out connector: J2
® Stero audio HP output of WAU8822
vCC_P
o
R14
100K
J2
cT1 = e S A
Bo
HP_ROUT |/ . Co
o2 e F Vv
F
HP_LOUT T/c,100uv|f( . 003 A~
A
ci11 cc12
T/C,100uF — PJK-634
c/c,TBD| c/c,TBD PHONE-PJK-631
ADAVSS ADAVSS

AUDIO SPK out connector: J3
® Speaker output of WAU8822
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ROUT

J3

LOUT

N[

_| ccia CcCi15 =

2PX1
c/C,TBD| C/C,TBD
ADAVSS ADAVSS
LCD interface: JR1,JR2
® [ CD interface for connecting LCD glass and TFT LCM board.
vce_P vce_P vce_P vcc_P
o o o
JR1 JR2
| — -
Aalr e
nWE/SEd22 53 4[% RE/SEG23 5 3 4[%
ADO/SEGRA 715 6[% AD1/SEG25 SEG19 715 ©6[8 SEG18
SEG27 9|7 8[10 RD2/SEG3 SEG17 o |’ .8[10 SEG16
AD3/SEGR3 1|9 10 AD4 SEGI15 1|9 107 SEG14
AD5 3 |11 121794 RD6/SEG36 ALE/SEGIL 3 |11 127, hCSISEGI0
AD7/SEGR? 5 |13 147 AD8/SEGa8 SEGO 5 |13 1416 BEGS
7|15 16718 SEG3 7115 16 [7g 5EG2
9 |17 1870 SEGL 9 |17 181750 5EGO
1920 COM3 1920 55 CoMZ
s s comL 21 22 75 comMo
= CONN RECT 10x2 — 25 |23 24726
GND GND 27 |25 26728
59127 28 50
29 30
—
= CONN RECT 15x2 =
GND GND
SMC Port 1 connector: P1
® SMC Port 1 interface.
VCC_SMC
e
VCC_SMC
| . . . o
ccel
cce62 R42 R43
R44
CIC,0.1uF s LS
c/C,1uF 10K
GND GND ca cs
SC1_CLK CLK 3 g;‘ gg c7 ~ DAT
SC1_RST, RST C2 C6 .
VCC_SMC c2 C6
c1ld e |cs
SM Card Slot
SC1_DAT GND
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SD card slot: J7

Us

er Manual

® SD card interface (SPI mode only) connected to SPI portl.
sb_vce
° sp_ycc
SPISS10 1 8
SPIICLK 2 :j:jt’ ccaz
vee_p SPIMISOI0 3 /.36
Q SPIMOSIT0 4 /3N
Source RP2 8PAR-4.7K C/C,1uF
SD_PWR ON | si2301ADS sb_vcce =
— Gate | P-F GND
R45 33 (QzEr) FB7 FB e LED3
i NYYN fia e 1 N 2
| Drain e A}
0 7 R46 220
M GREEN_LED —
= oD L GND
-
cces | cces | ccer 3 e [0 s
e B 8 SD_CTL
L3S ) SPIMISO10
CIC,0.1uF [C/C,1uF [c/C,0.1u V%g 6
5 . — SPIICLK
CLK 4 =,
VDD
e |3 R49 22
2 SPIMOSI10 cce9
CDS' 1 SPISS10
SD_INT
rsv 2 TBD vee
a = o
| 12 =
o GND SD_CD
2 D [13 GND __ —
S R50 100K
e T—= soimmc socker |
= /77 =
GND GND Operating voltage:
3.1V~3.6V
FBO  FB
Y'Y
L T
GND

SWD connector: DH2
°

5-pin SWD interface for Nano130.

HEADER 5 vee
1 TCE DAT
2 TCE CK
3 TCE RST
4
Cl

DH2

USB Device connector: CON2
®  Mini-B type USB connector.
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USBS5.0V
[e]
CON2
1
R36 27 VBUS
USB_D- — 2
| S| D-
USB D+ 1 P 3
(I D+ 6
R37 27 4 Sh@eld 7
ccss iccsg * > Shield |75
f— 5 Sh!eld 9
TBD TBD GND  Shield
USB MINI-B RECEP.
/77
GND GND
Power adapter input: CON3
® 5V/1A power adapter input connector.
CON3  Power CON VBDS.O\/
[a] [a)]
z zZ
) O
L£ND
G._D

UART Port 0 connector: CON4
® UART port 0 with RS-232 level shifter for debug console.
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1.2 Nu-Link ICE Bridge Parts

User Manual

The Nu-Link-Me is a Debug Adaptor which connects your PC's USB port to your target system (via Serial
Wired Debug Port) and allows you to program and debug embedded programs on the target hardware. To use
the Nu-Link-Me Debug adaptor with IAR or Keil, please refer to “Nuvoton NuMicro™ IAR ICE Driver User
Manual*“or “Nuvoton NuMicro™ Keil ICE Driver User Manual” for details. The two documents will be stored
in the local hard disk when user installs each driver. Please refer to the following figure for Nu-Link ICE bridge

parts on the Nu-LB-Nano130 board.
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Figure 1-3 Nu-Link ICE Bridge Parts
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1.2.1 Nu-Link ICE Layout and Connectors
The following figure shows the layout of the Nu-Link ICE connectors.
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Figure 1-4 Nu-Link ICE Layout and Connectors

USB device connector: ICE_USB1
® Mini-B type USB connector.
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DVBUSS5.0V
o
1
D6
SS24A
ICE_USB1
mini USB 5pin
D- R34 > | VCC  SHIELD [~
BT :_E 5| DM SHIELD [
1 27| PP SHIELD [
27 ¥ NC SHIELD
27 GND ¢ el
= USB_MINI_B i FB
\

SWD interface: HEADER5S

® 5-pin interface for SWD connector.

DVBUS DVBUS
o o

R27
100K

| IS

R26

HEADER 5 DVBUS 100K |

% DDAT

DCLK

3 DRST

4

Sl I
DH1 =
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1.3 LCD Interface

User Manual

The following shows the interface for LCD glass module and TFT LCM board and provides the connectors

information.

LCD interface: JR1 and JR2

® 30-pin + 20-pin interface for LCD module connectors.

vce vce
o JRL o
—T
SINELE
513 4156
SEG19 715 %[s SEG18
SEGLY 9|7 .8[0 SEG16
SEGIS 1|9 10072 SEG14
ALE/SEGIL 13 |11 12 734 hCS/SEG10
SEGO 15 |13 14 [1g SEGS
SEG3 17 |15 16 [7g SEG2
SEGL 19 |17 18 75 SEGO
COM3 21 |19 205 comz
COML 23 |21 221754 CoMO
55123 24 55
25 26
27 28
29 |27 281739
29 30
—/
= CONN RECT 15x2 —
GND GND
vee vee
Q JR2 o
T
I L =2 |
NWE/SEQ?2 5|13 4[5 hRE/SEG23
ADO/SEGRA 7 g g 8 AD1/SEG25
SEG27 9 10 AD2/SEG32
AD3/SEGE3 2 0 RDZ
AD5 13 |1 1217 AD6/SEG36
AD7/SEGRY 15 12 ié 16 ADB/SEG33
o b
19_20
— CONN RECT10x2 —
GND GND

Figure 1-5 Connector Information

1.3.1 LCD Glass Board

This section provides LCD glass board figure, layout and 4x40 LCD glass socket information.
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ANHE 21 94v-0 : 2%
€001020162C
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Figure 1-6 LCD Glass Board

LCD Interface: Ul
® 48-pin interface for LCD glass socket.

-
(o]
o
coms
o 48 M= COM2
o B 4 Com1
x—3 46
COMO
X— 4 45
*—s5 44 —X
x— 6 43 [—X
o | U 42X ADGISEG36
o e — v/ = e
x—)(_ 9 40 —
SEGS 10 39
—__SEGo _____|u 3 —X ADS/SEG38
nCS/SEG10 g gg SEG27
ALE/SEGIL
S = S 35 —X
SEG15 15 34 !
—__SEcie |18 33 —X
SEGL7 17 2—X
SEGI18 18 a—x SEG3
S =S R 30 SEG2
NWE/SEG22 20 29 SEGL
NRE/SEG23 21 28 SEGO
ADO/SEG24 22 27 [ AD3ISEG33__
AD1/SEG25 gi gg AD2/SEG32

Figure 1-7 LCD Glass Socket Information
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1.3.2 TFT LCM Board
This section provides information about 240x320 TFT panel (GFT024CA240320).

VIV AWV VA Y W LviiTeeTwi

Figure 1-5 TFT LCM Board

LCM interface: CON1
® 39-pin FPC connector for GFT024CA240320.
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AD1/SEGPR5 21 | DB10
AD2/|SEGR2 22 | DBll
AD3/ISEGR3 3 | DB12
R1 AD4 4 | DB13

vee
i
AD5 5 | DB14 c/C,1uF

10K ADG6/ISEGP6 6 | DB1S
AD7/SEGB7 27 | DB16

SEG19_LCD|RSI 28 | DB17 =
SEG27__FMARK 29 | RESET GND

e 31 1Mo
CIC,1uF 32 | M3 vce

<
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=
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2 Getting Started

There are a few hardware jumpers need to be set for selecting corresponding configuration you want. The
following sections provide multi-function I/O information and all the jumper settings for configuring your Nu-
LB-Nano130 board. Due to many IP function are sharing the same I/O pins in Nano130 series MCU, please be
carefully to set on-board jumpers to avoid conflicts between functions.

i 3 "" B
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® i . Hﬂ . T 1
-ml e F
1T 1 HE I I PER S B FER
-m r e Iy ey | m""
BATR
[ ]

Pl o o PAIS
PATE o o PFO 3
Fl .
i PAD
PR o A PAZ
Fas i I PR

HAH

Figure 1-6 Nano130 Learning Board

© 2012 Nuvoton Technology Corp.

User Manual Rev. 1.01 — Dec 17, 2012 17 of 60



NuMicro Family User Manual

2.1 Nu-LB-Nano130 I/O Extension Connectors

The Nu-LB-Nano130 has 55 I/0 pads and 13 power pads for a total of 68 pads. Two 50-pin male headers J4 and
J5 can be connected to a daughterboard or standard wrapping board to the Nu-LB-Nano130 board.

Each pin on J4 and J5 can be used by a daughterboard after disconnecting it from the corresponding function
block on the Nu-LB-Nano130 board. Please refer to the following for detailed pin description.

GPIO extension interface: J4, J5

® Two 40 pin interfaces support power, ground, reset and all GPI/O pins interface. The connection can
be made by soldering wires directly to these pads, or by using 2.54 mm pitch headers and sockets.

vce_p vce_P
(? o
J5 J4
1 = 2 SPIMOSI10 pBO 1 = 2 SEG8 PE7
pB1 _ SPIMISOI0 3|1 2[2 SPIICLK _pe2  PEs _ SEGY 3| 2[a NCS/SEG10pR7
PB3  SPISS10 513 4[5 SEG3 PD6_  PB6__ ALE/SEGIL 513 4[5 D1 BB5
P07 SEGZ 71° 638 SEG1L PD14 pB4___RXDL 715 °[s SEG14 __ pp13
PD15 SEGO 9|7 80 coms PC5  PDl2 SEGIS 9|7 .8[u0 SEGI6 _ pDIL
pc4 __COM2 119 1017 COML PC3 PDLO SEGI7 1|9 1007; SEGI8 _ ppo
Bc2___COMO 13 |11 12 34 PEG PE6  PD8__ SEGIO 13 |11 12y T2COSDA _pas
PE4__ SPIMOSIO0 15 |13 14 15 SPIMISO00 pE3~ PA9 _ 12C0OSCL 15 |13 1416 NWE/SEG22pA10
PE2__ SPIOCLK 17 |15 16 15 SPISS00 _pr1_ PAll NRE/SEG23 17 |15 16 718 ADO/SEG24pB12
PEO___12S MCLK 19 |17 18170 PC13 pc13  ppl3_ ADI/SEGZ5 19 |17 18 g AINTO BB14
pC12_PWML O 21 |19 20 55 CTKI5 __ pcil pEL3 SEG2Y 21 |19 205 PEL4 PE14
pC10 CTK1Z 23 |21 22075 CTKI3 _ pco  PpE15 PEIS 23 |21 22175
pcg__CTKIZ 25 |23 24 [ TXDO PALS 25 |28 24156 X
PAld__RXDO 27 |25 2638 CTKIL __ pa13 X725 26 [ % PB8 B8
pAl2 PALZ 29 |27 28735 ADCO PA0 pPF5  CTK7 *2927 283 CTKG PF4
pal __ADCI 31 |29 303 ADC2 PA2  PB15 NINTL 31|29 3073 AD2/SEG32pC14
pA3 __ADC3 33 |31 32173 ADC4 pAd_ BCl5 AD3ISEG33 33 |31 32175, AD4 BC6
PA5 _ ADS/SEG38 35 |33 3435 AD7/SEG37pne  pc7 __ADS 35 |33 3435 12S_ DOUT pD5
PA7__ ADG/SEG36 37 35 gg 38 SC1 CLK_Pp0_ pp4__ SCI1 _PRES/IZS_DINg7 gg gg 38 SC1 RST/I2S BCLK PD3
BD1___SCL DAT 39 40 BD2___SCL PWR/I2S WS39 40
39_40 39_40
CONN RECT 20x2 _ | _ CONN RECT 20x2 __ | _
GND GND
2.1.1 NuMicro™ Nano130 Pin Description
Pin No. Pin Name Pin Type Description
PE.13 I/O General purpose digital 1/0 pin
1
LCD_SEG27 0] LCD segment output 27 at LQFP128
2 PB.14 I/0 General purpose digital 1/0 pin

© 2012 Nuvoton Technology Corp.
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Pin No. Pin Name Pin Type Description
INTO I External interruptO input pin
SC2_CD I SmartCard2 card detect
SPI2_SS1 0] SPI2 2nd slave select pin
LCD_SEG12 ) LCD segment output 12 at LQFP64
LCD_SEG26 0 LCD segment output 26 at LQFP128
PB.13 I/O General purpose digital 1/0 pin
EBI_AD1 1/O EBI Address/Data bus bitl
’ LCD _SEG11 ) LCD segment output 11 at LQFP64
LCD_SEG25 0 LCD segment output 25 at LQFP128
PB.12 I/O General purpose digital 1/0 pin
EBI_ADO /O EBI Address/Data bus bit0
4 CLKO 0 Frequency Divider output pin
LCD_SEG10 0 LCD segment output 10 at LQFP64
LCD_SEG24 0 LCD segment output 24 at LQFP128
5 NC
6 X320 0 External 32.768 kHz crystal output pin
7 X321 I External 32.768 kHz crystal input pin
8 NC
PA.11 I/O General purpose digital 1/0 pin
’ 12C1_SCL 1/O 12C 1 clock pin

© 2012 Nuvoton Technology Corp.
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Pin No. Pin Name Pin Type Description
EBI_nRD 0] EBI read enable output pin
SCO_RST 0] SmartCardO RST pin
SPI2_MOSIO I/0 SPI2 1st MOSI (Master Out, Slave In) pin
LCD_SEG9 ) LCD segment output 9 at LQFP64
LCD_SEG23 0 LCD segment output 23 at LQFP128
PA.10 I/O General purpose digital 1/0 pin
12C1_SDA 1/O 12C 1 data I/0 pin
EBI_nWR 0] EBI write enable output pin
10 SCO_PWR 0 SmartCardO Power pin
SPI2_MISOO0 I/O SPI2 1st MISO (Master In, Slave Out) pin
LCD_SEGS8 0 LCD segment output 8 at LQFP64
LCD_SEG22 0 LCD segment output 22 at LQFP128
PA.9 I/0 General purpose digital 1/0 pin
12C0_SCL I/0 12C O clock pin
SCO_DAT I/0 SmartCard0O DATA pin
11
SPI2_CLK 0 SPI12 serial clock pin
LCD_SEG7 0 LCD segment output 7 at LQFP64
LCD_SEG21 0] LCD segment output 21 at LQFP128
PA.8 I/O General purpose digital 1/0 pin
8 12CO_SDA 1/O 12C 0 data 1/0 pin
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SCO_CLK 0] SmartCardO clock pin
SPI2_SS0 0] SPI2 1st slave select pin
LCD_SEG6 ) LCD segment output 6 at LQFP64
LCD_SEG20 ) LCD segment output 20 at LQFP128
PD.8 I/O General purpose digital 1/0 pin
" LCD_SEG19 ) LCD segment output 19 at LQFP128
PD.9 I/O General purpose digital 1/0 pin
o LCD _SEG18 ) LCD segment output 18 at LQFP128
PD.10 I/O General purpose digital 1/0 pin
= LCD_SEG17 0 LCD segment output 17 at LQFP128
PD.11 I/O General purpose digital 1/0 pin
e LCD_SEG16 0 LCD segment output 16 at LQFP128
PD.12 I/0 General purpose digital 1/0 pin
Y LCD_SEG15 0 LCD segment output 15 at LQFP128
PD.13 I/0 General purpose digital 1/0 pin
- LCD_SEG14 0 LCD segment output 14 at LQFP128
PB.4 I/0 General purpose digital 1/0 pin
UART1_RXD I UART1 Data receiver input pin
= SCO0_CD I SmartCardO card detect pin
SPI2_SS0O 0 SPI12 1st slave select pin
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LCD_SEG5 ] LCD segment output 5 at LQFP64
LCD_SEG13 ] LCD segment output 13 at LQFP128
PB.5 I/0 General purpose digital 1/0 pin
UART1_TXD ) UART1 Data transmitter output pin
SCO_RST 0] SmartCardO RST pin
20
SPI2_CLK 0] SPI2 serial clock pin
LCD_SEG4 ) LCD segment output 4 at LQFP64
LCD _SEG12 ) LCD segment output 12 at LQFP128
PB.6 I/O General purpose digital 1/0 pin
UART1_nRTS 0 UART1 Request to Send output pin
EBI_ALE 0] EBI address latch enable output pin
21 SPI2_MISOO0 I/0 SPI2 2nd MISO (Master In, Slave Out) pin
LCD_SEG3 0 LCD segment output 3 at LQFP64
LCD_SEG11 0 LCD segment output 11 at LQFP128
PB.7 I/0 General purpose digital 1/0 pin
UART1_nCTS I UART1 Clear to Send input pin
EBI_nCS 0 EBI chip select enable output pin
* SPI2_MOSIO I/O SPI2 1st MOSI (Master Out, Slave In) pin
LCD_SEG2 0] LCD segment output 2 at LQFP64
LCD_SEG10 0 LCD segment output 10 at LQFP128
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Pin No. Pin Name Pin Type Description

23 NC

24 LDO_CAP P LDO output pin

25 NC

26 NC

57 VDD p SP:)):;(Ce; supply for 1/O ports and LDO

28 NC

29 VSS P Ground

30 VSS P Ground

31 VSS P Ground

32 VSS P Ground

33 PE.12 I/0 General purpose digital 1/0 pin

34 PE.11 I/0 General purpose digital 1/0 pin

35 PE.10 I/0 General purpose digital 1/0 pin

36 PE.9 I/0 General purpose digital 1/0 pin
PE.8 I/0 General purpose digital 1/0 pin

¥ LCD_SEG9 0 LCD segment output 9 at LQFP128
PE.7 I/O General purpose digital 1/0 pin

* LCD_SEGS8 0] LCD segment output 8 at LQFP128

39 NC

40 USB_VBUS uUSB POWER SUPPLY: From USB Host or HUB.
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Pin No. Pin Name Pin Type Description
a1 USB VvDD33 C USB Internal ' Power Regulator Output 3.3V
AP Decoupling Pin
42 USB_D- USB  [USB Differential Signal D-
43 USB_D+ USB  |USB Differential Signal D+
PB.O I/0 General purpose digital 1/0 pin
UARTO_RXD I UARTO Data receiver input pin
a4 SPI1_MOSIO I/O SPI1 1st MOSI (Master Out, Slave In) pin
LCD_SEG1 ) LCD segment output 1 at LQFP64
LCD_SEG7 ) LCD segment output 7 at LQFP128
PB.1 I/O General purpose digital /0 pin
UARTO_TXD 0 UARTO Data transmitter output pin
45 SPI1_MISOO0 I/0 SPI1 1st MISO (Master In, Slave Out) pin
LCD_SEGO 0 LCD segment output 0 at LQFP64
LCD_SEG6 0 LCD segment output 6 at LQFP128
PB.2 I/0 General purpose digital 1/0 pin
UARTO_nRTS 0 UARTO Request to Send output pin
EBI_nWRL 0 EBI low byte write enable output pin
46
SPI1_CLK 0 SPI1 serial clock pin
LCD_COM3 0] LCD common output 3 at LQFP64
LCD_SEG5 0] LCD segment output 5 at LQFP128
47 PB.3 I/0 General purpose digital 1/0 pin
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Pin No. Pin Name Pin Type Description
UARTO_nCTS I UARTO Clear to Send input pin
EBI_nWRH 0] EBI high byte write enable output pin
SPI1_SSO 0] SPI1 1st slave select pin
LCD_COM?2 0] LCD common output 2 at LQFP64
LCD_SEG4 0 LCD segment output 4 at LQFP128
PD.6 I/O General purpose digital 1/0 pin
* LCD_SEG3 ) LCD segment output 3 at LQFP128
PD.7 I/0 General purpose digital I/0 pin
* LCD_SEG2 0 LCD segment output 2 at LQFP128
PD.14 I/O General purpose digital 1/0 pin
0 LCD_SEG1 0 LCD segment output 1 at LQFP128
PD.15 I/0 General purpose digital 1/0 pin
o LCD_SEGO 0 LCD segment output 0 at LQFP128
PC.5 I/0 General purpose digital 1/0 pin
52 SPI0_MOSI1 0 SPI0 2nd MOSI (Master Out, Slave In) pin
LCD_COM3 0 LCD common output 3 at LQFP128
PC.4 I/0 General purpose digital 1/0 pin
53 SPI0_MISO1 I SPI0 2nd MISO (Master In, Slave Out) pin
LCD_COM2 0] LCD common output 2 at LQFP128
54 PC.3 I/0 General purpose digital 1/0 pin
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SPI0_MOSIO 0] SPI0 1st MOSI (Master Out, Slave In) pin
125_DO 0] 12S data output
SC1_RST 0 SmartCard1 RST pin
LCD_COM1 0] LCD common output 1 at LQFP64
LCD_COM1 0] LCD common output 1 at LQFP128
PC.2 I/O General purpose digital 1/0 pin
SPIO_MISOO0 I SPI0 1st MISO (Master In, Slave Out) pin
12S_DlI I 12S data input
55
SC1_PWR 0 SmartCard1 PWR pin
LCD_COMO 0 LCD common output 0 at LQFP64
LCD_COMO 0 LCD common output O at LQFP128
PC.1 I/0 General purpose digital 1/0 pin
SPI0_CLK I/0 SPI10 serial clock pin
12S_BCLK I/0 12S bit clock pin
56 SC1_DAT I/0 SmartCard1 DATA pin
copm | o [0 exemal et o of chare
coom | o [0 erema cmr pn of e
PC.0 I/O General purpose digital 1/0 pin
7 SPIO_SSO I/0 SPI0 1st slave select pin
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Pin No. Pin Name Pin Type Description
12S_LRCLK 1/0 12S left right channel clock
SC1_CLK 0] SmartCard1 clock pin

LCD external capacitor pin of charge

LCD_DH1 0 pump circuit at LQFP64
LCD external itor pin of char
LcD_DH1 ° plc.lmpeci:(ceu itaat t;iaPclg()S oo e
58 PE.6 I/0 General purpose digital 1/0 pin
59 LCD_VLCD AO LCD power supply pin
60 NC
61 PE.5 General purpose digital /0 pin
PB.11 I/O General purpose digital 1/0 pin
PWM1_CHO I/O PWM1 ChannelO output
T™M3 0 Timer3 external counter input
SC2_DAT I/0 SmartCard2 DATA pin
°2 SPI0_MISOO0 I/0 SPI0 1st MISO (Master In, Slave Out) pin
LCD_V1 0 Ic_i(icDUitJ;LtL(\;(::I;zéie for LCD charge pump
o | o |0t for D chare
PB.10 I/O General purpose digital I/0 pin
63 SPIO_SS1 I/O SPI0 2nd slave select pin
T™M2 0 Timer2 external counter input
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SC2_CLK 0] SmartCard2 clock pin
SPI0_MOSIO 1/0 SPI0 1st MOSI (Master Out, Slave In) pin
LCD_V2 0 LCD driver biasing voltage at LQFP64
LCD_V2 0 LCD driver biasing voltage at LQFP128
PB.9 I/O General purpose digital 1/0 pin
SP11_SS1 I/O SPI11 2nd slave select pin
T™M1 ) Timer1 external counter input
64 SC2_RST 0] SmartCard2 RST pin
INTO I External interruptO input pin
LCD V3 0] LCD driver biasing voltage at LQFP64
LCD V3 0] LCD driver biasing voltage at LQFP128
PE.4 I/0 General purpose digital 1/0 pin
> SPI0_MOSIO I/0 SPI0 1st MOSI (Master Out, Slave In) pin
PE.3 I/0 General purpose digital 1/0 pin
” SPI0_MISOO0 I/0 SPI0 1st MISO (Master In, Slave Out) pin
PE.2 I/0 General purpose digital 1/0 pin
67
SPIO_CLK 0 SPI0 serial clock pin
PE.1 I/O General purpose digital 1/0 pin
68 PWM1_CH3 I/O PWM1 Channel3 output
SPIO_SSO 0 SPI0 1st slave select pin
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Pin No. Pin Name Pin Type Description
PE.O I/0 General purpose digital 1/0 pin
69 PWM1_CH2 I/0 PWM1 Channel2 output
12S_MCLK 0] I12S master clock output pin
PC.13 I/0 General purpose digital 1/0 pin
SPI1_MOSI1 0] SPI1 2nd MOSI (Master Out, Slave In) pin
PWM1_CH1 0] PWM1 Channell output
70
SNOOPER I Snooper pin
INTO I External interrupt O input pin
12C0_SCL 0] 12C O clock pin
PC.12 I/O General purpose digital 1/0 pin
SPI1_MISO1 I SPI1 2nd MISO (Master In, Slave Out) pin
71 PWM1_CHO 0 PWM1 ChannelO output
INTO I External interruptO input pin
12C0O_SDA /O 12C 0 data I/0 pin
PC.11 I/0 General purpose digital 1/0 pin
SPI1_MOSIO 0 SPI1 1st MOSI (Master Out, Slave In) pin
72 UART1_TXD 0 UART1 Data transmitter output pin
CTK15 I Touch key 15
LCD_SEG31 0] LCD segment output 31 at LQFP64
73 PC.10 I/0 General purpose digital 1/0 pin
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SPI1_MISOO0 I SPI1 1st MISO (Master In, Slave Out) pin
UART1_RXD I UART1 Data receiver input pin
CTK14 I Touch key 14
LCD_SEG30 ) LCD segment output 30 at LQFP64
PC.9 I/O General purpose digital 1/0 pin
SPI1_CLK I/O SPI1 serial clock pin
74 12C1_SCL I/O 12C 1 clock pin
CTK13 I Touch key 13
LCD_SEG29 0 LCD segment output 29 at LQFP64
PC.8 I/O General purpose digital 1/0 pin
SPI1_SSO I/O SPI1 1st slave select pin
EBI_MCLK 0 EBI external clock output pin
” 12C1_SDA /O 12C 1 data I/0 pin
CTK12 I Touch key 12
LCD_SEG28 0 LCD segment output 28 at LQFP64
PA.15 I/0 General purpose digital 1/0 pin
PWMO_CH3 I/0 PWMO Channel3 output
76 12S_MCLK 0 I12S master clock output pin
TC3 I Timer3 capture input
SCO_PWR 0 SmartCardO Power pin
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UARTO_TXD ] UARTO Data transmitter output pin
LCD_SEG27 ] LCD segment output 27 at LQFP64
PA.14 I/0 General purpose digital 1/0 pin
PWMO_CH2 1/0 PWMO Channel2 output
EBI_AD15 1/O EBI Address/Data bus bit15
77
TC2 I Timer 2 capture input
UARTO_RXD I UARTO Data receiver input pin
LCD_SEG26 ) LCD segment output 26 at LQFP64
PA.13 I/O General purpose digital 1/0 pin
PWMO_CH1 I/O PWMO Channell output
EBI_AD14 /O EBI Address/Data bus bit14
78 TC1 I Timerl capture input
12C0_SCL I/0 12C 0 clock pin
CTK11 I Touch key 11
LCD_SEG25 0 LCD segment output 25 at LQFP64
PA.12 I/0 General purpose digital 1/0 pin
PWMO_CHO I/0 PWMO ChannelO output
79 EBI_AD13 I/O EBI Address/Data bus bit13
TCO I Timer O capture input
12CO_SDA 1/O 12C 0 data 1/0 pin
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CTK10 I Touch key 10
LCD_SEG24 ] LCD segment output 24 at LQFP64
ICE_DAT I/0 Serial Wired Debugger Data pin
80 PF.0 I/0 General purpose digital 1/0 pin
INTO I External interruptO input pin
ICE_CLK I Serial Wired Debugger Clock pin
PF.1 I/O General purpose digital 1/0 pin
81
CLKO ) Frequency Divider output pin
INT1 I External interruptl input pin
82 NC
B | veD ® [ooureefo mermal UL and digtal crcutt
84 NC
85 VSS P Ground
86 VSS P Ground
87 AVSS AP Ground Pin for analog circuit
88 AVSS AP Ground Pin for analog circuit
PA.O I/O General purpose digital 1/0 pin
ADO Al ADC analog input0
89
SC2_CD I SmartCard2 card detect
CTK8 Al Touch key 1
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PA.1 I/0 General purpose digital 1/0 pin
AD1 Al ADC analog inputl
90
EBI_AD12 1/O EBI Address/Data bus bit12
CTK9 Al Touch key 9
PA.2 I/O General purpose digital 1/0 pin
AD2 Al ADC analog input2
91 EBI_AD11 1/O EBI Address/Data bus bit11
UART1_RXD I UART1 Data receiver input pin
LCD_SEG23 AO LCD segment output 23 at LQFP64
PA.3 I/O General purpose digital 1/0 pin
AD3 Al ADC analog input3
92 EBI_AD10 /O EBI Address/Data bus bit10
UART1_TXD 0 UART1 Data transmitter output pin
LCD_SEG22 AO LCD segment output 22 at LQFP64
PA.4 I/0 General purpose digital 1/0 pin
AD4 Al ADC analog input4
EBI_AD9 I/O EBI Address/Data bus bit9
” SC2_PWR 0 SmartCard2 Power pin
12CO_SDA 1/O 12C 0 data 1/0 pin
LCD_SEG21 AO LCD segment output 21 at LQFP64
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LCD_SEG39 AO LCD segment output 39 at LQFP128
PA.5 I/0 General purpose digital 1/0 pin
AD5 Al ADC analog input5
EBI_ADS8 1/O EBI Address/Data bus bit8
94 SC2_RST 0 SmartCard2 RST pin
12C0_SCL 1/O 12C 0 clock pin
LCD_SEG20 AO LCD segment output 20 at LQFP64
LCD_SEG38 AO LCD segment output 38 at LQFP128
PA.6 I/O General purpose digital 1/0 pin
AD6 Al ADC analog input6
EBI_AD7 /O EBI Address/Data bus bit7
TC3 I Timer3 capture input
95
SC2_CLK 0 SmartCard2 clock pin
PWMO_CH3 0 PWMO Channel3 output
LCD_SEG19 AO LCD segment output 19 at LQFP64
LCD_SEG37 AO LCD segment output 37 at LQFP128
PA.7 I/0 General purpose digital 1/0 pin
AD7 Al ADC analog input?
96
EBI_AD6 I/O EBI Address/Data bus bit6
TC2 I Timer2 capture input
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SC2_DAT 1/O SmartCard2 DATA pin
PWMOQ_CH2 0] PWMO Channel2 output
CTK_CAP Al Touch key Capacitor pin
LCD_SEG18 AO LCD segment output 18 output at LQFP64
LCD_SEG36 AO tgliplszeggment output 36 output at
97 VREF AP Voltage reference input for ADC
98 NC
99 AVDD AP Power supply for internal analog circuit
PD.O I/O General purpose digital /0 pin
UART1_RXD I UART1 Data receiver input pin
SP12_SS0 I/0 SPI12 2nd slave select pin
100
SC1_CLK 0 SmartCard1 clock pin
CTKO Al Touch key O
ADS8 Al ADC analog input8
PD.1 I/0 General purpose digital 1/0 pin
X1 0 UART1 Data transmitter output pin
SPI2_CLK I/O SPI12 serial clock pin
101
SC1_DAT I/O SmartCard1 DATA pin
AD9 Al ADC analog input9
CTK1 Al Touch key 1
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PD.2 I/0 General purpose digital 1/0 pin
UART1_nRTS UART1 Request to Send output pin
12S_LRCLK 1/0 12S left right channel clock
102 SPI2_MISOO0 I SPI2 1st MISO (Master In, Slave Out) pin
SC1_PWR 0 SmartCardl Power pin
AD10 Al ADC analog input10
CTK2 Al Touch key 2
PD.3 I/0 General purpose digital I/0 pin
UART1_nCTS UART1 Clear to Send input pin
12S_BCLK I/O 12S bit clock pin
103 SPI2_MOSIO 0] SPI2 1st MOSI (Master Out, Slave In) pin
SC1_RST 0 SmartCard1 RST pin
AD11 Al ADC analog inputl1
CTK3 Al Touch key 3
104 NC
PD.4 I/0 General purpose digital 1/0 pin
12S_DI I 12S data input
105 SPI12_MISO1 I SPI2 2nd MISO (Master In, Slave Out) pin
SC1 _CD I SmartCard1 card detect
CTK4 Al Touch key 4
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LCD_SEG35 AO LCD segment output 35 at LQFP128
PD.5 I/0 General purpose digital 1/0 pin
125_DO 0] 12S data output
106 SPI2_MOSI1 0 SPI2 2nd MOSI (Master Out, Slave In) pin
CTK5 Al Touch key 5
LCD_SEG34 AO LCD segment output 34 at LQFP128
PC.7 I/O General purpose digital 1/0 pin
DA1_OuUT AO DAC 1 output
EBI_ADS5 /O EBI Address/Data bus bit5
107
TC1 I Timerl capture input
PWMO_CH1 0] PWM1 Channell output
LCD_SEG17 AO LCD segment output 17 at LQFP64
PC.6 I/0 General purpose digital 1/0 pin
DAO_OUT I DACO output
EBI_AD4 I/O EBI Address/Data bus bit4
108
TCO I Timer O capture input
SC1_CD SmartCard1 card detect pin
PWMO_CHO 0 PWMO ChannelO output
PC.15 I/O General purpose digital 1/0 pin
109
EBI_AD3 1/O EBI Address/Data bus bit3
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TCO I Timer0 capture input
PWM1_CH2 0] PWM1 Channell output
LCD_SEG16 AO LCD segment output 16 at LQFP64
LCD_SEG33 AO LCD segment output 33 at LQFP128
PC.14 I/O General purpose digital 1/0 pin
EBI_AD2 1/O EBI Address/Data bus bit2

110 PWM1_CH3 I/O PWM1 Channel3 output

LCD_SEG15 AO LCD segment output 15 at LQFP64

LCD_SEG32 AO LCD segment output 32 at LQFP128

PB.15 I/O General purpose digital 1/0 pin
INT1 I External interruptl input pin
SNOOPER I Snooper pin
111
SC1_CD I SmartCard1 card detect
LCD_SEG14 AO LCD segment output 14 at LQFP64
LCD_SEG31 AO LCD segment output 31 at LQFP128
112 NC
113 XT1_IN 0 External 4~24 MHz crystal output pin
114 XT1_OUT I External 4~24 MHz crystal input pin
115 NC
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External reset input: Low active, set this
116 NRESET pin low reset chip to initial state. With
internal pull-up.
117 VSS P Ground
118 VSS P Ground
119 NC
LD
120 | VoD ® loourc for ternalPLLand dita crult
121 NC
PF.4 I/O General purpose digital /0 pin
122 12CO_SDA 1/O 12C 0 data 1/0 pin
CTK6 Al Touch key 6
PF.5 /O Digital GPI/O pin
123 12C0_SCL I/0 12C O clock pin
CTK7 Al Touch key 7
124 VSS P Ground
125 PVSS 1/O PLL Ground
PB.8 I/0 General purpose digital 1/0 pin
STADC I ADC external trigger input.
126 TMO I Timer0 external counter input
INTO I External interruptO input pin
SC2_PWR 0 SmartCard2 Power pin
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LCD_SEG13 AO LCD segment output 13 at LQFP64
LCD_SEG30 AO LCD segment output 30 at LQFP128
PE.15 I/0 General purpose digital 1/0 pin
127
LCD_SEG29 ) LCD segment output 29 at LQFP128
PE.14 I/O General purpose digital 1/0 pin
128
LCD_SEG28 ) LCD segment output 28 at LQFP128
Note:

Pin Type I=Digital Input, O=Digital Output; Al=Analog Input; AO=Analog Output; P=Power Pin; AP=Analog Power

When some pin is not available in some packages, hardware will auto pull this pin high.
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2.2 Jumpers on Nu-LB-Nano130

The following section describes all the jumpers on Nano130 Learning board.

2.2.1 Jumper Settings

The jumper settings are used to configure the PD4(JP1) and peripherals’ power source(JP2). Since the PD4 has
two roles on this learning board, please confirm to selet right side of JP1 before using the 12S and SC1 function.

Jumper Location Description
JP1 PD4 onboard function selection:
SC1 _PRES ol
JP1 parionm— 1-2:SC1_PRES
3 2-3:12S DIN

vCC VCC_P VDD3.3V
o (o]

< Peripherals power source selection:

P2 1-2:Power from VDD3.3V
O
O

2-3:Power from VCC

JP2

WN -
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3 Schematic
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// Audio/l/
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/// ICE Parts //
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// NANO130 GPIO ///
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/// Current Sense Parts /// _
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/// NANO130 MISC. ///
I T
ICE_DAT <& ICE DA
ICE_CK
ICEck L vee_meu
AVCC_MCU
el
UsA
27 99
7 VoD AVDD
ICE_RST 20| VOD re
ICERST (& VDD
ccas
xaam 13
H XTL_In/PF3 UsB5.0v
40
CIC‘ZDpFl . —
— cces
12MHz
cc3e
il T Xm0 114
I} XT1_OutlPF2 R36 27
42 UsB_D-
cic,20pF s o GND | —
43 UsB D+ = 3
ccar UsB_D+ f—
I X32KO 6 R37 27 x4
| 2o ccas ccag
cIc.6pF = 5
3 8D 8D
110 — USB MINI-B RECEP.
32.768KHZ 80 ICE_DAT
HEADER 2 Cc4o ICE_DAT/PFO
~ || X32KI 7 81 CE_Cl
if X321 S — = =
ICE_RST cic.6pF GND GND
NRESET 116
vee JRESET
]
87 a
B| AVSS  USB_VDD33_CAP
e AVSS
e pvss
i
100K LEH [
37| VSS 59
37 Vss vieo
vss
5 VSS
BP1 cca1 7| vSS
15| VSS
v{ EELE . HEADER 5 vge
vss Lo L
<7 1 TCE_DAT
ADC'GND  GND NANO130_24 b — e
= 3
ccre ccss ccaa 3B TCE_RST
Operating voltage: CIC1uF CIC,1uF cIC,1uF 5 1
8 1.8V~3.6V = L L DH2
GND GND GND
HEADER 2
vee = vee_mMecu AVCC_MCU
9 FB3  FB 9
| ~ |
ccas ccas ccar _| ccas _| ccas ccso cest
€/C,0.10F cicatF | crco. mf cic.o MT CICO1uFBs  FB cicwF | cic,0.1uF
A
=
ftle
NANO130/MISC.
V_SENS_+O 7z | Document Number o
V_SENS- O o 11
Wednesday _September 05, 2012 __sheet o 10

© 2012 Nuvoton Technology Corp.

User Manual Rev. 1.01 — Dec 17, 2012 48 of 60



NuMiicro Family

User Manual

/// Power parts
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u-LB-Nano130 Board BOM List:
NANO130 Revised: Wednesday, September 05, 2012

Bill Of Materials December 17,2012 9:54:05 Pagel

Item Quantity Reference Part

i ) N B~ W N =

O o0

—_ RN W =

25

BAT2  AABATTERY BOX
SP1,BP1,SP2 SW
IDLEL,ICP1,ICE1,BUSY1 KPT-2012
BU1 Buzzer
CC2,CC3,CC5,CC19,£C20, C/C,0.1uF
CC24,CC25,CC32,CC33,CC45,
CC47,CC48,CC49,CC51,CCs2,
CC53,CC54,CC56,CC60,CC62,
CC64,CC65,CC67,CC68,CCT7,
CC78,CC79,CC80,CC81,CC82,
CC83,CC87,CC89

CC4C/C,0.01uF
CCe6,C(C8,CC10,CC13,CC29,C/C,1uF
CC30,CC41,CC42,CC50,CC55,
CC57,CC58,CC59,CC61,CC63,
CC66,CC72,CC73,CCT74,CCT75,
CC76,CC84,CC85,CC86,CC88
CC7,CC9C/C,220pF
CCl11,CC12,CC14,CC15 C/C,TBD
CCl6  C/C,100pF
CC17,CC18,CC21,CC22,CC23, C/CA4.TuF
CC26,CC46
CC27,CC28,CC34,CC36,CC37, C/C,20pF
CC40,CC70,CC71,CC99
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13 3 (CC38,CC39,CC69 TBD

14 1 CON2 USB MINI-B RECEP.

15 1 CON3 Power CON

16 1 CON4 DB9 MALE

17 2 CTI1,CT2T/C,100uF

18 6 CT3,CT8,CT10,CT11,CT13, T/C,10uF/10V
CT15

19 4 CT4,CT5,CT9,CT12  T/C,22uF/10V

20 3 DHI,DH2,DH3 HEADER 5

21 2 DI,D6 SS24A

22 8 FBI,FB3,FB4,FB5,FB6,FB7, FB
FBS,FB9

23 1 ICECHIP1  NUCI20 LQFP 64

24 1 ICE USBI mini USB 5pin

25 2 JP1,JP2 3PXI

26 1 JR1 CONN RECT 10x2

27 1 JR2 CONN RECT 15x2

28 2 J1,)2  PIK-634

29 2 J3J6  2PXI

30 2 J4J5  CONN RECT 20x2

31 1 J7 SD/MMC SOCKET

32 2 J8,J10 HEADER2

33 2 KI,K2 CTKey

34 1 K3 CTKey SLIDER

35 6 LEDI,LED2,LED3,LED4,LED5, GREEN LED
LEDG6

36 2 MICI,MIC2 TP

37 17 NTCI,R2,R11,R14,R25,R26, 100K

R27,R28,R29,R31,R38,R41,
R50,R53,R63,R68,R69
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33 1 Pl SM Card Slot
39 4 Q1,Q03,Q04,Q5 2N3904
40 2 Q2,Q8 Si2301ADS
41 1 Q7 Si2302ADS
42 1 RPI 8P4R-330
43 1 RP28P4R-4.7K
44 1 R4 DNE
45 3 R5R23,R30 0
46 1 R6 100
47 4 R7,R§,R17,RI8 22K
48 3 RO9,R10,R49 22
49 4 RI2,R13,R15R16 5.6K
50 1 RI1947K
51 2 R20,R32 1K
52 5 R21,R46,R64,R65,R66 220
53 1 R2212K
54 4 R33,R34,R36,R37 27
55 1 R39 330
56 6 R40,R42,R43,R44,R47,R48 10K
57 5 R45R59,R60,R61,R99 33
58 1 R5111%
59 1 R521001%
60 3 R55,R56,R57 1.2K
61 1 R67 200K
62 3 SSDI1,SSD2,SSD3 TOS5101BH
63 1 SW_POWERI SW DPDT/SM
64 14 TI1,T2,T3,T4,T5,T6,T7,T8, TPAD
T9,T10,T11,T12,T13,T14
65 1 T15 DACO
66 1 TI16 DACI
© 2012 Nuvoton Technology Corp.
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67 1 U2 24LC64
68 1 U3 WAUS8S22
69 2 U4,U6 RT9164A-3.3v
70 1 US NANOI130 24
71 1 U7 SP3232ECN
72 1 U8 HSDL-3201
73 1 U110 W25Q16CL
74 1 Ul12 MAX9938FH
75 1 U13 FDC606P
76 1 Ul4 NANO100 LQFP 48
77 1  VRI50K
78 3 X1,X2,X4 12MHz
79 1 X3 32.768KHz
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LCD Revised: Tuesday, August 23, 2011 Revision: A
Bill Of Materials ~ September 2,2011  15:04:49  Pagel

Item Quantity Reference Part

1 1 JRI CONN RECT 15x2
2 1 JR2 CONN RECT 10x2
3 1 Ul LCD
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LCM Revised: Wednesday, July 27, 2011 Revision: A
Bill Of Materials October 4,2012  10:43:19 Pagel

Item Quantity Reference Part

CC1,CC2,CC3 C/C,1uF
CON1  FPC 1X39

JR1 CONN RECT 15x2
JR2 CONN RECT 10x2
R3,R1 10K

wnm A W =
N = = = W
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Revision History

Rev. Date Description
1.00 11-09-2012 Initially issued.
1.01 12-17-2012 Modified the schematics and the BOM list of Nu-LB-Nano130.
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Important Notice

Nuvoton products are not designed, intended, authorized or warranted for use as components in
systems or equipment intended for surgical implantation, atomic energy control instruments, airplane or
spaceship instruments, transportation instruments, traffic signal instruments, combustion control
instruments, or for other applications intended to support or sustain life. Furthermore, Nuvoton
products are not intended for applications wherein failure of Nuvoton products could result or lead to a
situation wherein personal injury, death or severe property or environmental damage could occur.

Nuvoton customers using or selling these products for use in such applications do so at their own risk
and agree to fully indemnify Nuvoton for any damages resulting from such improper use or sales.

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