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HT8 MCU LXT (32.768kHz) Application 
Guidelines 

D/N: AN0489E 

Introduction 
The Holtek HT8 MCUs provide an external 32.768kHz low speed crystal oscillator (LXT) 

as one of the choices for the microcontroller system clock. This is an oscillator which can 

also provide a clock source for the Watchdog Timer and Time Base Interrupt functions, 

selected through a combination of configuration options and relevant control registers. 

The LXT oscillator has low power consumption, which can accommodate users’ demand 

for low-power products. This document will introduce the LXT basic principles, 

characteristics, functions and factors which influence accuracy, which will enable users to 

have a deeper understanding of the LXT and master its usage. 

Note: This document refers to the HT66F0175/0185 8-Bit Flash MCU datasheet. 

Functional Description 

LXT Oscillator Basic Principles 

The external 32.768kHz low speed crystal oscillator has a fixed clock frequency of 

32.768kHz which requires a 32.768kHz crystal, a resistor RP as well as two capacitors C1 

and C2 to be connected between pins XT1 and XT2. The external resistor and capacitor 

components connected to the 32.768kHz crystal are necessary to provide oscillation. 

For oscillator stability and to minimise the effects of noise and crosstalk, it is important to 

ensure that the crystal and any associated resistors and capacitors along with 

interconnecting lines are all located as close to the MCU as possible. 

The LXT oscillation circuit and external component recommended values are shown 

below: 
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Note: 1. RP, C1 and C2 are required.
          2. Although not shown XT1/XT2 pins have a parasitic 

capacitance of around 7pF.

To internal 
circuits

Internal 
Oscillator 
Circuit

C1

C2

XT1

XT2

RP
32.768

kHz
Internal RC 
Oscillator

 
External LXT Oscillator 

LXT Oscillator C1 and C2 Values 
Crystal Frequency C1 C2 

32.768kHz 10pF 10pF 
Note: 1. C1 and C2 values are for guidance only. 

2. RP=5MΩ~10MΩ is recommended. 

32.768kHz Oscillator Recommended Capacitor Values 

Whether pins XT1/XT2 are used as the LXT oscillator external pins or general purpose 

I/O pins is determined by a configuration option. If the LXT oscillator is not used as a clock 

source, these two pins can be used as general purpose I/O pins or as other pin-shared 

functions. If the LXT oscillator is used as a clock source, a 32.768kHz crystal should be 

connected between the XT1 and XT2 pins. 

 

LXT Basic Characteristics 

Operational Power Consumption 

 SLOW Mode 

The LXT oscillator can be selected through relevant registers to be used as a system 

clock when the microcontroller enters the SLOW mode. The microcontroller has a lower 

operating current in this mode, in the order a few tens of micro-amps, while the fH clock 

will be switched off. 

Ta=25°C 

Symbol Parameter 
Test Condition 

Min. Typ. Max. Unit 
VDD Condition 

IDD Operating Current 
– LXT 

3V fSYS=fSUB=fLXT=32.765kHz 
no load, all peripherals off 

— 10 20 µA 
5V — 30 50 µA 
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 Standby Modes 

When the system enters the IDLE/SLEEP mode, the system clock will be switched off to 

reduce power consumption. However, some applications require an additional clock 

source to maintain their internal timer functions, this additional clock is sourced from the 

LXT or LIRC oscillator. 

Ta=25°C 

Symbol  Parameter 
Test Condition 

Min. Typ. Max. Unit 
VDD Condition 

ISTB 

Standby Current 
(IDLE0 Mode) 

3V No load, all peripherals 
off, fSUB on 

— 3 5 µA 
5V — 5 10 µA 

Standby Current 
(SLEEP1 Mode) 

3V fSUB on, WDT on, 
no load, all peripherals off 

— — 3 µA 
5V — — 5 µA 

LXT Oscillator Start Mode 

The LXT oscillator can function in one of two modes, the Quick Start Mode or the 

Low-power Mode. The mode selection is executed using the LXTLP bit in the TBC register. 

LXTLP LXT Operating Mode 
0 Quick Start 
1 Low-power 

After power on, the LXTLP bit will be automatically cleared to zero by default ensuring 

that the LXT oscillator is in the Quick Start operating mode. However, after the LXT 

oscillator has fully powered up it can be placed into the Low-power mode by setting the 

LXTLP bit high. The oscillator will continue to run but with reduced current consumption. 

In power sensitive applications, such as battery applications, the power consumption 

must be kept to a minimum. To reduce power consumption, it is recommended that the 

application program sets the LXTLP bit high after power-on and oscillation start-up are 

both completed. It should be noted that, no matter what condition the LXTLP bit is set to, 

the LXT oscillator will always function normally and the only difference is that it will take 

more time to start up if in the Low-power mode. 

The LXT oscillator start-up time is related to the external C1/C2 capacitors and the MCU 

operating voltage. Lower capacitance values or a higher MCU operating voltage allow a 

shorter crystal oscillation startup time. Users should choose appropriate capacitance and 

operating voltages, and clear the LXTLP to zero to shorten the oscillator start-up time. 

LXTLP CL 
(pF) 

RP 
(MΩ) 

VDD 
(V) 

C1/C2 
(pF) 

Start-up 
Time (ms) Note 

0 12.5 10 
3.0 

20 ≈ 1450 The YIC 32768Hz crystal load capacitor 
CL is 12.5pF, change the VDD voltage and 
external capacitance and test the crystal 
oscillator start-up time. (Here the 
HT66F0185 is taken as an example) 

10 ≈ 748 

5.0 
20 ≈ 1210 
10 ≈ 684 
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Crystal Performance 

Negative Resistance (-R) 

Looking at the two terminals of the quartz crystal oscillation circuit, the impedance 

characteristic value generated during oscillation will have the characteristics of Negative 

Resistance (-R). The oscillation circuit must provide sufficient amplification gain to 

compensate the mechanical energy loss of the quartz crystal resonance. The negative 

impedance is not one of the product parameters, however it is an important specification 

for oscillation circuit design. 

Equivalent Series Resistance (ESR) 

The Equivalent Series Resistance (ESR) is the mechanical energy loss of the crystal 

oscillator. A higher ESR value results in higher losses in the crystal oscillator. If the ESR 

value is too high, the oscillator may be unstable or even stop oscillating. Each crystal 

oscillator has a maximum ESR limit value. The lower the actual ESR value is, when 

compared with the recommended maximum value, the better the oscillator startup and 

stability will be. 

A common ESR value for the 32768Hz crystal ranges from30kΩ to 100kΩ. 

Crystal Equivalent 
Circuit: R1

C1 L1

C0X1 X2

 

ESR = R1 (1+C0/CL)2; CL = (CL1×CL2) / (CL1+CL2) + Cstray 

CL1: X1 external capacitor, CL2: X2 external capacitor, Cstray: Stray capacitance 

Negative Resistance Measurement Method 

The safety factor (SF) can be measured by using the negative resistance and the stability 

of crystal oscillator can be determined. For the negative resistance measurement method, 

an additional resistor RQ is added in series with the crystal. This additional series test 

resistor RQ will increase before the oscillator starts up or a running oscillator stops. It is 

recommended to reduce the resistance value before the oscillator resumes running, 

through which the key value can be determined. This can be done using an SMD 

potentiometer, which is suitable for RF applications, thus greatly reducing the possible 

parasitic value increment. As all parameters and parasitic values generated by the 

potentiometer affect the final parameters of the oscillator circuit. The final value of RQmax 

should be verified by a single SMD resistor. 
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The measurement circuit is shown below: 

Oscillation Redundancy (OA) 

OA=RQmax+ESR 

Safety Factor (SF) 

SF = OA
ESR

 = RQmax+ESR
ESR

 

The safety factor (SF) is listed below: 

Safety Factor (SF) Assessment 
SF < 2 Unsafe 

2 ≤ SF < 3 Applicable 
3 ≤ SF < 5 Safe 

SF ≥ 5 High safety 

* According to the above analysis, users should choose an appropriate low ESR or load 

capacitor when selecting the crystal oscillator. 

LXT Oscillator Characteristics (V, T) 

The oscillator is composed of an internal oscillator circuit and an external crystal circuit, 

providing the MCU with stable frequencies used as time references. It should be noted that 

the quartz crystal frequency error will be greatly influenced by environmental temperature, 

but will be less affected by the operating voltage. The influence of temperature on frequency 

can be seen in the following temperature-frequency graph for a MERCURY 32.768kHz 

crystal, which has a frequency error of ±5PPM at a temperature of 25°C. 

 

It should be noted that high frequency circuits should not be placed near the LXT circuit 

during layout otherwise the oscillation characteristics will be affected. The LXT oscillation 

circuit should be located as close to the XT1 and XT2 pins as possible, while the C1/C2 

capacitor routing to VSS should be as short as possible. 

LXT Used as WDT Clock Source 

The Watchdog Timer clock source is provided by the internal clock, fSUB, which is in turn 

supplied by the LIRC or LXT oscillator. In this case the LXT should be selected to be the 

WDT clock source through a configuration option. There are five bits, WE4~WE0, which 
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provide an enable/disable control of the Watchdog Timer. The Watchdog Timer source 

clock is then subdivided by a ratio of 28 to 218 to give longer timeouts, the actual value 

being chosen using the WS2~WS0 bits in the WDTC register. 

Refer to the datasheet for more detailed information about the WDT usage and 

considerations. 

LXT

Low Speed 
Oscillator

fSUB
fSUB

LIRC

Low Speed Oscillator 
Configuration Option

fSUB

IDLEN
fTBC

fSYS/4

TBCK

fTB Time Base

WDTfSUB

fTBC

 
Low Frequency Oscillator Options 

“CLR WDT”Instruction

8-stage Divider WDT Prescaler

WE4~WE0 bitsWDTC 
Register Reset MCU

fSUB
fSUB/28

8-to-1 MUX

CLR

WS2~WS0
(fSUB/28 ~ fSUB/218)

WDT Time-out
(28/fSUB ~ 218/fSUB)

“HALT”Instruction

 
Watchdog Timer 

WDTC Register 

Bit 7 6 5 4 3 2 1 0 
Name WE4 WE3 WE2 WE1 WE0 WS2 WS1 WS0 
R/W R/W R/W R/W R/W R/W R/W R/W R/W 
POR 0 1 0 1 0 0 1 1 

 WE4~WE0: WDT function enable control 
10101: Disable 
01010: Enable  
Other values: Reset MCU 
When these bits are changed by environmental noise the 
microcontroller will be reset. The reset operation will be activated after 
a delay time, tSRESET, and the WRF bit in the CTRL register will be set 
high.  

 WS2~WS0: WDT time-out period selection  
000: 28/fSUB 
001: 210/fSUB 
010: 212/fSUB 
011: 214/fSUB 
100: 215/fSUB 
101: 216/fSUB 
110: 217/fSUB 
111: 218/fSUB 

These three bits determine the division ratio of the watchdog timer source clock, which in 

turn determines the time-out period.  



         HT8 MCU LXT (32.768kHz) Application Guidelines 

 

AN0489E  V1.00 7 / 9 November 13, 2018 

CTRL Register 

Bit 7 6 5 4 3 2 1 0 
Name FSYSON — — — — LVRF LRF WRF 
R/W R/W — — — — R/W R/W R/W 
POR 0 — — — — × 0 0 

“x”: Unknown 

 FSYSON: fSYS control bit in IDLE Mode 
Described elsewhere. 

 Unimplemented, read as “0” 

 LVRF: LVR function reset flag 
Described elsewhere. 

 LRF: LVR control register software reset flag 
Described elsewhere. 

 WRF: WDT control register software reset flag 
0: Not occurred 
1: Occurred 
This bit is set high by the WDT Control register software reset and 

cleared by the application program. Note that this bit can only be cleared 

to zero by the application program. 

LXT Used as Time Base Clock Source 

The Time Base clock source can be fSYS/4 or fTBC, the fTBC originates from either the LXT 

or LIRC oscillator. Select the LXT oscillator to be a clock source by setting a configuration 

option and also setting the TBCK bit in the TBC register high. After the TBC register and 

relevant interrupt enable bits are properly configured, when the interrupt is enabled, the 

stack is not full and the Time Base overflows, a subroutine call to their respective vector 

locations will take place. When the interrupt is serviced, the respective interrupt request 

flag, TBnF, will be automatically reset and the EMI bit will be cleared to disable other 

interrupts. 

Refer to the datasheet for more detailed information for the Time Base usage and register 

configurations. 

M
U
XfSYS/4

fTBC

Prescaler

TBCK

fTB

fTB/28 ~ fTB/215
M
U
X

TB11~TB10

Time Base 0 Interrupt

Time Base 1 Interrupt

TB02~TB00

Prescaler
M
U
X

fTB/212 ~ fTB/215

 
Time Base Interrupts 
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TBC Register 

Bit 7 6 5 4 3 2 1 0 
Name TBON TBCK TB11 TB10 LXTLP TB02 TB01 TB00 
R/W R/W R/W R/W R/W R/W R/W R/W R/W 
POR 0 0 1 1 0 1 1 1 

 TBON: Time Base function enable control 
0: Disable 
1: Enable 

 TBCK: Time Base clock source select 
0: fTBC 
1: fSYS/4 

 TB11~TB10: Time Base1 time-out period selection 
000: 212/fTB 
001: 213/fTB 
010: 214/fTB 
011: 215/fTB 

 LXTLP: LXT Low Power control 
0: Disable – LXT Quick Start 
1: Enable – LXT Low-power 

 TB02~TB00: Time Base 0 time-out period selection 
000: 28/fTB 
001: 29/fTB 
010: 210/fTB 
011: 211/fTB 
100: 212/fTB 
101: 213/fTB 
110: 214/fTB 
111: 215/fTB 

Conclusion 
This document has introduced the LXT oscillator of the HT8 series MCUs to help users to 

have a deeper understanding of the LXT basic principles, characteristics, usage and 

factors which influence accuracy. Users should choose an appropriate crystal and 

determine the resistor and capacitor values accordingly to achieve optimal effects.  

Refer to the HT8 series MCU datasheets for more detailed information. 

Reference Files 
Reference file: HT66F0175/0185 datasheet 

For more information, refer to the Holtek official website http://www.holtek.com/en. 

Version and Modification Information 

Date Author Issue 

2018.4.30 陳美玲 Initial version 

http://www.holtek.com/en
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Disclaimer 

All information, trademarks, logos, graphics, videos, audio clips, links and other items 

appearing on this website ('Information') are for reference only and is subject to change at 

any time without prior notice and at the discretion of Holtek Semiconductor Inc. (herein 

after 'Holtek', 'the company', 'us', 'we' or 'our'). Whilst Holtek endeavors to ensure the 

accuracy of the Information on this website, no express or implied warranty is given by 

Holtek to the accuracy of the Information. Holtek shall bear no responsibility for any 

incorrectness or leakage. 

Holtek shall not be liable for any damages (including but not limited to computer virus, 

system problems or data loss) whatsoever arising in using or in connection with the use of 

this website by any party. There may be links in this area, which allow you to visit the 

websites of other companies. These websites are not controlled by Holtek. Holtek will 

bear no responsibility and no guarantee to whatsoever Information displayed at such sites. 

Hyperlinks to other websites are at your own risk. 

Limitation of Liability 
In no event shall Holtek Limited be liable to any other party for any loss or damage 

whatsoever or howsoever caused directly or indirectly in connection with your access to 

or use of this website, the content thereon or any goods, materials or services. 

Governing Law 
The Disclaimer contained in the website shall be governed by and interpreted in 

accordance with the laws of the Republic of China. Users will submit to the non-exclusive 

jurisdiction of the Republic of China courts. 

Update of Disclaimer 
Holtek reserves the right to update the Disclaimer at any time with or without prior notice, 

all changes are effective immediately upon posting to the website. 
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