I Nano130 Power Down Sample

Application Note for 32-bit NuMicro® Family
Rev.1.00 — Nov.1, 2012

Document Information

Abstract The Nano130 provides a control to enter low power state called Power-
down mode. The high frequency crystal and oscillator input will be
disabled to reduce power consumption, while the low frequency crystal
and oscillator can be enabled by program control to support peripheral
functions (e.g. RTC, Watchdog Timer and LCD) to work in Power-down
mode.

In this application note, a few sample programs are created to
demonstrate the power-down operations. This document describes the
implementation method of these sample programs and gives an
instruction to measure the power-down current.

Apply to Nano130KE3BN/NuTiny-EVB-Nano130-LQFP128 Board
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1 Introduction

In NANO130, the CPU operating mode supports Normal, Idle and Power-down modes. From a
hardware perspective, the difference among these operating modes is the state of chip clock sources.
The chip clock sources include HXT (High Frequency Crystal), LXT (High Frequency Crystal), HIRC
(High Frequency Oscillator) and LIRC (Low Frequency Oscillator). The HIRC and LIRC are
automatically enabled after powered on. The program can enable or disable these chip clock sources
individually.

1.1 Normal Mode

In Normal mode, all chip clock sources keep in the programmed state. The program in Flash memory is
continuously executed by CPU.

1.2 Idle Mode

1.2.1 Entry

The CPU enters Idle mode as soon as a WFI instruction is executed. The CPU clock is gating so that
program stops execution. In Idle mode, all clock sources keep in the programmed state. In other words,
the clock source keeps working if it is enabled and remains stopping if it is disabled before CPU enters
Idle mode. The peripheral functions, like DMA transfer, Timer Tick and others, may still be active if
the acquired clock source is enabled. Usually, the peripheral function generates an interrupt after
operation is completed or a selected event is received.

1.2.2 Exit

The CPU clock restarts as soon as an interrupt happens. Consequently the CPU returns to Normal mode
and starts executing instructions. The interrupt service routine will be served first, and then jump to the
code following the WFI instruction.

1.3 Power-down Mode

The way to enter Power-down mode is similar to entering Idle mode, except that the following control
registers should be programmed before executing the WFI instruction.

Power-down Control Register (PWRCTL): 0x50000200
Bit 6

Enable Power-down mode. This bit should be set to 1.
Bit5

Enable Power-down wake-up interrupt (PDWU). If this bit is set to 1, the PDWU interrupt will be
active after CPU returns to Normal mode. If this bit is set to 0, the PDWU interrupt will be inactive
after CPU returns to Normal mode.
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System Control Register (SCR): 0OXEOOOED10

Bit 2

Enable Deep Sleep mode. This bit should be set as 1.
1.3.1 Entry

If both PWRCTL[6] and SCR[2] are set to 1, the CPU will enter Power-down mode as soon as a WFI
instruction is executed. The chip clock sources LXT and LIRC keep in the previous state, while HXT
and HIRC are disabled in this mode. The peripheral functions, RTC, Watchdog Timer and LCD, can
keep operating in Power-down mode if it acquires clock from active LXT or LIRC. Therefore, the
program has to enable and select LXT or LIRC as peripheral function’s clock before entering Power-
down mode.

1.3.2 Exit

In contrast with Idle mode, only the selected interrupt sources can wake up CPU from Power-down
mode. The interrupt sources include External interrupt 0 and 1, wake-up interrupt generated by
UART, GPIO, RTC, USB, SPI, Timer, Watchdog Timer and BOD. To successfully wake up CPU,
the selected interrupt source should be enabled and the corresponding peripheral function should be
properly programmed to generate a wake-up interrupt.

© 2012 Nuvoton Technology Corp.
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2 Sample Code

The power-down samples are created by using Keil MDK version 4.14 and IAR EWARM 6.21. The
directory of the project files are listed below.

“ASamples\NUTINY-EVB_NANO130\PWRDWN_DEMO\KEIL”;
“ASamples\NUTINY-EVB_NANO130\PWRDWN_RTC_DEMO\KEIL”;
“Samples\NUTINY-EVB_NANO130\PWRDWN_LCD_RTC_DEMO\KEIL".

and

AN1103

“ASamples\NUTINY-EVB_NANO130\PWRDWN_DEMO\IAR”;

“ASamples\NUTINY-EVB_NANO130\PWRDWN_RTC_DEMO\AR?”;

“Samples\NUTINY-EVB_NANO130\PWRDWN_LCD_RTC_DEMO\IAR”.

The following figures show screen snapshots of opening the “PWRDWN_DEMO project files.

-
F:\Prcjed_CortexM\NanolmB\NANOlOUBVI_BSP\SampIes\NUHN‘r’-EVB_NAND]SD\PWRDWN_DEPIIL\P’WRD'I_DEPB.uvprOj-Eisiond . ‘ lo
i — - -

File Edit View Project Flash Debug Peripherals Tools SYCS Window  Help

=T IR YRR EX Al Hael@loooeE) s
& % | pwrownioeno [ K|
Project 1 Smpl_Main.c v X
143 PWRDWN_ DEMO 18 -
.25 CMSIS }gg -
‘ startup_nanolics 166 * @hrief Main routine,
23 Libraries 167 * dparam None,
1688 * @retum None,
- # nanolo Jed.c e
nanol_tc.c 170 int32_t main(void)
~[#] nanole_sys.c m { .
17 S_ICT_INIT ledinit;
E+3 Common 17 S_IRVRTC_TIME_DATA T sCurTine;
- #) nanol retarget.c 174 _
Sl LCD.c 175 DEBUG_MSG( "\rt¥AN0 130 WuTiny EVE Demo Program V1.0.0.\n");
| 2mpLELD 176 DEETG_MSG( " [Power Dowe Demo]bn");
-[# Smpl RTC.c 177
- [3] system_nancloc 178 * Tnlock protected reglsters ¥/
B User b };g TNLOCKREG( ); J
3] Smpl_Main.c 181 ¥ Init BIC ¥/
p :
W R Init):
183 DEEUG M3O('RTC Init, completelin');
184
185 I Inlt LCD ¥/
186 Y8 SelectIPClockSource 1{CLE CLESELL_LCD MASK, CLE CLRSELI_LCD LAY, /* Select LD Clock Sowrce ]
187
18 /% gelect LCD CONs, SE0s, V1 ~ V3, DEL, DHD ¥/
183

Erro.. [@eo.. {1Fu. [Ny7e.,

L |

YFP_LCD_TYPEA( }: .
»

Figure 2-1 “PWRDWN_DEMO” Project Using Keil MDK 4.14
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LTI bt i J¢ Tnit BIC 4/
Init RT v
F/ROWN_DEMO JD P = - .
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Figure 2-2 “PWRDWN_DEMO” Project Using IAR EWARM 6.21

The sample project to demonstrate power-down operation include “PWRDWN_DEMO?”,
“PWRDWN_RTC_DEMO” and “PWRDWN_LCD_RTC DEMO”. All projects are based on
individual sources (Smpl_Main.c, nanolxx_isr.c) and some common sources (stored in the directory
“ASamples\NUTINY-EVB_NANO130\COMMON*. For each project, the main routine and those
subroutines of entering and exiting Power-down are defined in the “Smpl_Main.c”.

When using Keil MDFK, please rebuild the execution image by selecting “Project -> Rebuild all
target files” from the top menu. Alternatively, select “Project -> Rebuild All” if using IAR EWARM.
The execution image file should be downloaded and run on the NuTiny-EVB-Nanol130-LQFP128
evaluation board.

2.1 PWRDWN_DEMO

The main routine initializes system clock, RTC and LCD functions. After initialization is completed,
some messages are shown on the LCD panel and then the program goes to power down. No peripheral
function is active during power down, and CPU will not wake up anymore.

Main routine: main()
® Set LCD and RTC functions; display messages on LCD panel.

© 2012 Nuvoton Technology Corp.
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® Call Enter_PowerDown()
Power-down subroutine: Enter_PowerDown()

® Set all 1/0 pins to GPIO mode, and enable pull-up for all 1/0 pins except for PF.2 and PF.3.
® Call SYS_SetUpPowerDown() to set PWRCTL[6:5] to 10b, and set SCR][2] to 1b.
® Execute the WFI instruction.

The following figure shows a flow chart of this sample program.

‘ START ’

Select LCD Clock Source from LXT (usually 32 kHz) ; Eet SI" I/O"plns fto Gﬁ’ll%m_ode
Call LCD_lInit () to set the LCD function - Ena ffpu |;l|J:p2 or Z PE 3p|ns
Display messages on LCD panel exceptfor 7.2 an ’

Call SYS_SetUpPowerDown(0) to:
1. Set PWRCTL[6:5] to 10b
Call RTC_Init() to set the RTC function 2. Set SCR[2] to 1b

Execute WFI instruction

Call Enter_PowerDown() to enter Power-down mode

END

Figure 2-3 PWRDWN_DEMO Flow Chart

The code of entering power-down is defined at function void Enter_PowerDown(). The following lists
crucial statements of this function.

SYS_SetUpPowerbown(0); /* Disable PDWU interrupt */
_WFIQ; /* system really enter power down here ! */

© 2012 Nuvoton Technology Corp.
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2.2 PWRDWN_RTC_DEMO

In addition to the initialization as “PWRDWN_DEMO?”, the main routine enables PDWU interrupt and
sets a RTC alarm timer. This RTC alarm timer will generate a RTC wake-up interrupt after 1 minute.
The program goes to power-down after the above initialization is completed. The RTC timer keeps
active while LCD display is disabled in Power-down mode.

As soon as RTC wake-up interrupt happens, the PDWU and RTC interrupt service routines are served
first. A RTC alarm timer will be set in RTC interrupt service routine for the next wake-up event.
Finally, the control returns to main routine. Some messages are displayed on LCD panel, and the
program goes to power-down again. The power-down and wake-up procedure will be repeated
eternally.

Main routine: main()

® Set LCD and RTC functions; display messages on LCD panel.
® Enable PDWU interrupt.

® Seta RTC alarm timer.

® Call Enter_PowerDown()

Power-down subroutine: Enter_PowerDown()

® Setall 1/0 pins to GPIO mode, and enable pull-up for all 1/0 pins except for PF.2 and PF.3.
® Disable LCD clock.

® Call SYS_SetUpPowerDown() to set PWRCTL[6:5] to 11b, and set SCR][2] to 1b.

® Execute the WFI instruction.

Wake-up subroutine: Leave_PowerDown()

® Restore the setting of all 1/0 pins.
® Enable LCD clock.

© 2012 Nuvoton Technology Corp.
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The following figure shows a flow chart of this sample program.

‘ START ’ (:;)

Set all I/O pins to GPIO mode

=

2. Enable pull-up for all I/O pins except
1. CallLCD_Init () to set the LCD function for PF.2 and PF.3
2. Display messages on LCD pane . Disable LCD clock

» w

3. Call RTC_lInit() to set the RTC function Call SYS_SetUpPowerDown(1) to:

(a) Set PWRCTLI[6:5] to 11b
(b) Set SCR[2] to 1b

4

Execute WFI instruction

Power Down

Call planNextRTClInterrupt() to set RTC alarm timer

Call Enter_PowerDown() to enter Power-down mode e

Restore the setting of all I/O pins

Enable LCD clock

Display messages on LCD panel
‘ Wake Up

Figure 2-4 PWRDWN_RTC_DEMO Flow Chart

2.3 PWRDWN_LCD_RTC_DEMO

This sample supports almost the same features with “PWRDWN_RTC_DEMO?”. The only difference is
that LCD display keeps active when CPU is in Power-down mode. To keep LCD display in Power-
down, the LCD clock should not be disabled; meanwhile, the COM/SEG /O pins should not be set to
GPI10O mode.

Main routine: main()

® Set LCD and RTC functions; display messages on LCD panel.
® Enable LCD control to display in Power-down mode.

® Enable PDWU interrupt; set a RTC alarm timer.

® Call Enter_PowerDown()

© 2012 Nuvoton Technology Corp.
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Power-down subroutine: Enter_PowerDown()

®  Set pull-up for all 1/0O pins except for PF.2 and PF.3.
® Call SYS_SetUpPowerDown() to set PWRCTL[6:5] to 11b, and set SCR][2] to 1b.
® Execute the WFI instruction.

Wake-up subroutine: Leave_PowerDown()
® Restore the setting of all I/O pins.

The following figure shows a flow chart of this sample program.

1. Call LCD_lnit () to set the LCD function 1. Enable pull-up for all I/O pins except

2. Display messages on LCD pane for PF.2 and PF.3

3. Call RTC_lInit() to set the RTC function 2. Call SYS_SetUpPowerDown(1) to:
(a) set PWRCTL[6:5] to 11b

(b) Set SCR[2] to 1b

Call LCD_PowerDownDisplay () to enable display
in Power-down mode.

\L Execute WFI instruction

Call planNextRTClInterrupt() to set RTC alarm timer.

@

Power Down

Call Enter_PowerDown() to enter Power-down mode.

. Restore the setting of all I/O pins

Display messages on LCD panel Wake Up

|

Figure 2-5 PWRDWN_LCD_RTC_DEMO Flow Chart
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2.4 1/0 Pin Control

To prevent current leakage, all 1/0 pins are usually set to GPIO mode with pull-up enabled before
entering Power-down mode. It is better to save the mode setting of all I/O pins in advance.

/% Back up original setting */
SavePinSetting();

/* Set function pin to GPIO mode */
GCR->PA_L_MFP = 0;

GCR->PA_H_MFP = 0;

GCR->PB_L_MFP = 0
GCR->PB_H_MFP = 0
GCR->PC_L_MFP = 0
GCR->PC_H_MFP = 0;
GCR->PD_L_MFP = 0
GCR->PD_H_MFP = 0
GCR->PE_L_MFP = 0
GCR->PE_H_MFP = 0;

GCR->PF_L_MFP = 0x00007700; /* exclude PF.2 and PF.3 which are HXT OUT/IN */

/* Enable GPIO pull up */

GPIOA->PUEN = OXFFFF;
GPIOB->PUEN = OXFFFF;
GPIOC->PUEN = OXFFFF;
GPIOD->PUEN = OXFFFF;
GPIOE->PUEN = OXFFFF;
GPIOF->PUEN = 0x0033; /* exclude GPF2 and GPF3 which are HXT OUT/IN */

If the peripheral function has to work in Power-down mode, the corresponding 1/O pins should not be
set to GPIO mode. For example, the COM/SEG and other LCD control signal pins should not be
changed for LCD to display in Power-down mode.

Generally, the program should restore the original mode setting of all 1/O pins after wake-up.

© 2012 Nuvoton Technology Corp.
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3 Power-down Current Measurement
3.1 Current Measurement Method
3.1.1 Measuring Pure Current Consumption of NANO130

B Remove DC blocking diode D1 (SS24A) of NuTiny-EVB-Nano130-LQFP128 board to avoid
SS24A DC reverse current issue.

B Supply power by JP2 (VDD33) and JP3 (GND)
B Measure the power-down current value by a current meter.
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Figure 3-1 NuTiny-EVB-Nano0130-LQFP128 Board

© 2012 Nuvoton Technology Corp.

AN1103 Rev. 1.00 — Nov 1, 2012 12 of 19




NuMiicro Family

AN1103

veess
[
v voes  vecs |
1 ) 1
| iceD2
| SS24A
RTDAL  §, RICKL RBOGOL
vecess AVDD fre o
060R ¢ 0603R
© ©
s ICE CONNECT IF
VNN ! cesp
L0603 3 HEADER 2PX1,2mm
! veegm o
veess HEAD:
; HEADE
E_DAT 1 2
TICE_DAT  —iceotk —s  ap—X
e g s ==
10uF/10V 7 8
— 9 10 P—X
DEBUG HEADER 57Xz
= HEaoeRsP
icer12
12w 0
v T T veess 5
conts veess vees veea uss siewo 7
b USB D+ S B
Rowos iwone Tz [ [ [ —sBDE SHIELD [-g—
XTAL3-L | | | DI DIR2 SHIELD [——
W S icers < icera < icer2
121 1 | < 10k < 10k < 10k Bl Lo i USE 5o
1 2063 ¢ O6R  Q OS0R el USB_MINLB iceLs
Lisl2 AVDD L0603
Aocs apca apci Pa0 BEF Apcs
) \ \ X £
Yo lmm b fum SLLLLL : L
< 10k < 10K < < eU FrEPPER
Crystal PRI Y D § D Py,
] ] 1 1 £238%
L L L 4 §a8%4 B
g % =
SiPP
veeas X3 NToPBLe 5 soca
ice icerP1 @ %—| croupe1s PAYADCE
ICELED 5 RR| g1 1 2 X—a crooiPB12 PAS/ADC3 [g5—X.
—t=eD) — X a2 PAZIADC2 [75—X. apci veeas
KPT-2012 LA o E| PALIADCL PAC o
sy ¥ rzciscupan PAO/ADCO
— AN X—] 12C150APALD o — )
ICcP 8P4R-330 9| 12C0SCLIPAY NUC12SRE3AN ICE_CK 7T TCE DAT
ICPLED > XK | g7 BPARA ICELED 0| 12COSDAIPAS ICE DAT 77 RRSETL, RTCK] RTDA]
—(YELLoN) {GPLED——TT| RXUPB4 PAL2IPWMO [5—X. <X < o §
KP-2012 veess RED PALIIPWIL |73 o S 0603R > 0603R
KPT2012 GREEN PN 37X I I I
PAISIPWNG (35X micersT i
IDLE C/S: TICECLK
RED o KKy T [T —— TicEDA
e geon | weces [ k —o—r
¢ ) KPT-2012 ry\muFU o PC11/SDO10 RTDA2
KkP-2012 o 2 RTDA3
.8 EE woR 3
Busy - 838 283 0603k
GREEN » RK|d1 e 2 583 283
(GREEN) ‘ 82 & REEPEE
KPT-2012 38,48 3088503
s 29448 QROVEES
USBVBUS ©- r C d s
00 o181 MCU and USB
veeas Uss D+
|
{iceR17
ok
ﬁ RO603
IcE RST veess veessn) vecss veezan
1 (i [1 g
o vgess | . veesa)
TICEDAT veea vecs H—nce oar ncecLe VECA VeeB [T nce cu
15 TICERST c— o icece?
2 82 [5—X 5/ ) - P
Cos03
- - SN74LVC2T45DCUR SN74LVC2T45DCUR [Title:
Reset Circuit : Nu-Link-Me V1.5
7z Documen Mooy Fev
cu ICE_LQFP64.SCH 15

ate:__Monday, December 10, 2012 Eneet 1

Figure 3-2 NuTiny-EVB-Nano0130-LQFP128 Schematic

© 2012 Nuvoton Technology Corp.

AN1103

Rev. 1.00 — Nov 1, 2012

13 of 19




NuMiicro Family

AN1103

vgo33
R1
10K
swi < osoar
5 TICE RST
sw c1
PUSH BUTTON  ~T=10uF/10v.
| TANT-A

Reset Circuit

TICE_DAT

TCE CLk §
TICERST $>—CEEST

vppas
8

L% o

ICE Interface

xaL2

xaLL

| x32k0

[ 32esk
L1 Sraczt

x32K1

veesse) o1
e
!
From ICE Bridge's USB Power NN
REOSOL
vecsaa)
v
veeasa)
gt 2 TICE DAT
g ¢ T K
x—ols 6 P——TicE RSt
93 B TICERST
*—o0s  10p—
HEADER 5Px2
HEADER 5P)X2

vpos3
5}
R11

330
0603R

0
KPT-2012
<[ Kkp2012
4

Pinss

35 TICE DAT
> TICECIk——

HEADER 2PXL

o1

0 1uF =10F
€003 | C0603

—— K P12

Pines

PINTL

nINTO

1
_lcu

NANO130_LQFP128

ICE_CKIPF.1
ICE_DATIPF.0

5
fo5—
for—
L
for—
for—
e
foe—
o7
55—
o5
o
fe5
o7 —
T
e
(79—
75—
[
75—
[
75—
77—
T
70—
o
o
o
o5
o5

NG

PING ) PNzs

PINZS TICE_RST ovoD

vppas
9

FEADER 2PXI
HEADER 2PXL

FEADER 2PXL
HEADER 2PXL

L 3
sipi1p sipip

nuvoTon

fitle

NuTiny-EVB-Nano130-LQFP128 V1.1

ize | Document Number
Cusipm NANO130KE3BN.SCH

at Monday . December 10, 2012 Eneet of 3

Figure 3-3 NuTiny-EVB-Nano0130-LQFP128 Schematic

© 2012 Nuvoton Technology Corp.

AN1103

Rev. 1.00 — Nov 1, 2012

14 of 19




NuMiicro Family A N 1 1 03

PINGL 128] N y, ,
- _pinss \_pies o7
PN N Noomee—  Nopmos —
b b L, R—pm N N—er N
P \_PINZ \_PINz6 [\_—_PNes \_PINi00
w1 R—rms R—pmsr N—mes R—pmor
R—pe N R R—pnic>
HEADER 1612 R R R R—pmios
R R R R—piior
N N R R
R—pmo N> N—pmrr R
R—pmis N R R—
Rz N—pir R—pmre R—
veus R—pis R R R—
PIN4O PINIZ \_PNa6 N\_PN7e P
cre R—pms N R—m7s R
SlouErov R—pms R R—ieo R
a1 : T,\ R—pmir N N—por R—
1 R—pmie N—ines R—ie: R
USB_DM 0603R —__7Z]VCC  SHIELD = N_Fig NP5t N_Pimes NP
PINAZ RUSEDP N _3|bM  SHEWD N—rinzo sz N—pmes K=
PIN43 > 77| DP SHIELD N\ PIN2L N__PIN53. N_PINg5 NP
Ria XwiNe - SHEELD R—pmoz N—ier R—mee R
B R PiNss R—pier R—
i USB Spim R—pmor R—pmee N R
BN S " R—pmzs N—Fisr R—pies R—
Losos R—rmzs R—piss R R—
a1 KNPz R—piiso R—inor R—
R—pmze R—ries R0 R
HEADER 16°/2. 2.00mm R R—pmer R R
R—pmeo N—ive R—pior R—
Y A N_PiNat N_Pmes N—Pms N
HRRRR| iz \—Finer \—inos N
SERREEERREERE R,
FEFFFFFFFFFFT
spis s s spis
1 2 s 32 3 pmos
_ —Por—3r] PiNoy
= —Pier 7] Pior
PING0 26 | PINBY
- o — PINGT
I —— PiNes
- T — PING:
I PiNe:
o PINTS
= I — PiNTT
" PN
— 7T PINTS
2T —) PN
— —pm7—% PGS
I — PiNer
- _PINGG Z PING5
vposs
L] HEADER 16PX2 HEADER 16PX2, 2.00mm HEADER 16PX2, 2.00mm HEADER 16PX2
Ria o
E|
100
Pivgs 2DCD {
i 7
ver | en
HEADER 16°/2, 2.00mm
100 o1
PiNso
g
(@ CTkey_SLDER
|
- cras poy
s e HEADER 1672
PINTS. £TK1Z
s cnas clabskl m
LR NuTiny-EVB-Nano130-LQFP128 V1.1
2 Document Number 7
Custpm OTHER.SCH 11
ate:_Monday. December 10, 2012 Eheer i 3

Figure 3-4 NuTiny-EVB-Nano0130-LQFP128 Schematic
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3.1.2 Reducing I/O Pins Leakage

It is very important to take care of the 1/O pins for power consumption issues. The following shows
some suggestions for reducing power consumption when designing the NANOZ100 series MCU system:

B Do not enable pull-up resister of input pins which will be forced ‘Low’ by external circuit in
Power-down mode.

B Take care output status and consider the current flow of all output pins.

B Unused I/O pins need to be set to GPIO input mode with the pull-up resister enabled.

Input pin Input pin Input pin VDD
Open
_ _ B _
LYY
(Bad) (Good) (Good)
Output pin Output pin Output pin VDD
\\ Current flow
“H”\' ““““““““ _““\‘ IEHII Open EIHH
_ ._ — B —
LR
(Bad) (Good) (Good)

Figure 3-5 Suggestions for Reducing Power Consumption
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3.2 Current Measurement Results

Test Conditions VDD | Current
RTC + LCD Mode: (RAM Retention) 3.3V 10uA
(Power-down with 32K and LCD enabled)
CPU stopped

Clock = 32.768 kHz Crystal Oscillator
All peripheral disabled except RTC and LCD circuit
Without panel loading

NuTiny-EVB ]

RTC Mode: (RAM Retention) 3.3V 2.5UA
Nano130-LQFP128 V1.0 | (power-down with 32K enabled)

CPU stopped

Clock = 32.768 kHz Crystal Oscillator
All peripheral disabled except RTC circuit

Power-down Mode: (RAM Retention)

CPU and all clocks stopped 3.3V | 1.O0uA
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Revision History

Rev. Date Description
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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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