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PATENTS OR OTHER INTELLECTUAL PROPERTY OF THAT THIRD PARTY, OR A LICENSE FROM AMBIQ MICRO UNDER
THE PATENTS OR OTHER INTELLECTUAL PROPERTY OF AMBIQ MICRO.
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USE AMBIQ MICRO PRODUCTS. THERE ARE NO EXPRESS OR IMPLIED COPYRIGHT LICENSES GRANTED HEREUNDER
TO DESIGN OR FABRICATE ANY INTEGRATED CIRCUITS OR INTEGRATED CIRCUITS BASED ON THE INFORMATION IN
THIS DOCUMENT. AMBIQ MICRO RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TO ANY
PRODUCTS HEREIN. AMBIQ MICRO MAKES NO WARRANTY, REPRESENTATION OR GUARANTEE REGARDING THE
SUITABILITY OF ITS PRODUCTS FOR ANY PARTICULAR PURPOSE, NOR DOES AMBIQ MICRO ASSUME ANY LIABILITY
ARISING OUT OF THE APPLICATION OR USE OF ANY PRODUCT OR CIRCUIT, AND SPECIFICALLY DISCLAIMS ANY
AND ALL LIABILITY, INCLUDING WITHOUT LIMITATION CONSEQUENTIAL OR INCIDENTAL DAMAGES. “TYPICAL”
PARAMETERS WHICH MAY BE PROVIDED IN AMBIQ MICRO DATA SHEETS AND/OR SPECIFICATIONS CAN AND DO
VARY IN DIFFERENT APPLICATIONS AND ACTUAL PERFORMANCE MAY VARY OVER TIME. ALL OPERATING
PARAMETERS, INCLUDING “TYPICALS” MUST BE VALIDATED FOR EACH CUSTOMER APPLICATION BY CUSTOMER’S
TECHNICAL EXPERTS. AMBIQ MICRO DOES NOT CONVEY ANY LICENSE UNDER NEITHER ITS PATENT RIGHTS NOR
THE RIGHTS OF OTHERS. AMBIQ MICRO PRODUCTS ARE NOT DESIGNED, INTENDED, OR AUTHORIZED FOR USE AS
COMPONENTS IN SYSTEMS INTENDED FOR SURGICAL IMPLANT INTO THE BODY, OR OTHER APPLICATIONS
INTENDED TO SUPPORT OR SUSTAIN LIFE, OR FOR ANY OTHER APPLICATION IN WHICH THE FAILURE OF THE
AMBIQ MICRO PRODUCT COULD CREATE A SITUATION WHERE PERSONAL INJURY OR DEATH MAY OCCUR.
SHOULD BUYER PURCHASE OR USE AMBIQ MICRO PRODUCTS FOR ANY SUCH UNINTENDED OR UNAUTHORIZED
APPLICATION, BUYER SHALL INDEMNIFY AND HOLD AMBIQ MICRO AND ITS OFFICERS, EMPLOYEES, SUBSIDIARIES,
AFFILIATES, AND DISTRIBUTORS HARMLESS AGAINST ALL CLAIMS, COSTS, DAMAGES, AND EXPENSES, AND
REASONABLE ATTORNEY FEES ARISING OUT OF, DIRECTLY OR INDIRECTLY, ANY CLAIM OF PERSONAL INJURY OR
DEATH ASSOCIATED WITH SUCH UNINTENDED OR UNAUTHORIZED USE, EVEN IF SUCH CLAIM ALLEGES THAT
AMBIQ MICRO WAS NEGLIGENT REGARDING THE DESIGN OR MANUFACTURE OF THE PART.
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SECTION

1 Introduction

This document describes the voltage and temperature dependent AMX8XX startup timing 
behavior of the 32.768 kHz crystal oscillator and the FOUT pin when power is applied to the 
VCC pin (after the AMX8XX has been in the reset state). If a 32.768 kHz crystal is attached the 
AMX8XX XI/XO pins, it will begin oscillating after the AMX8XX power on process completes 
because the AMX8XX starts up in XT mode by default. The FOUT pin also changes state during 
the AMX8XX power on sequence and is used to indicate to the host controller when the AMX-
8XX is accessible via the I2C or SPI serial interface. This is described in more detail in Section 3.9 
Power On AC Electrical Characteristics and Section 4.12.4 Power Up Timing in the AM08XX and 
AM18XX Datasheets, version 0.90.
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SECTION

2 FOUT and Crystal Oscillator 
Startup Timing

When the voltage levels on the VCC and VBAT pins are below their minimum operating volt-
ages, the AMX8XX enters the reset state. While in the reset state, the FOUT pin will be output 
low and the 32.768 kHz crystal oscillator (bias current) will be turned off. The AMX8XX will 
begin the power up process when the VCC voltage rises above the minimum VCC startup volt-
age (please see the VCCST parameter in the AM08XX and AM18XX datasheets). The FOUT pin 
will remain low and the AMX8XX will remain in the reset state until the power up process com-
pletes and the ultra-low power internal voltage and current references have stabilized. After 
the power up process completes, the AMX8XX will exit the reset state and the following will 
occur.

1.   The FOUT pin will go high (requires a pull-up resistor) which will enable I2C or SPI inter-
face access to the AMX8XX. The host controller should use the logic high output on 
FOUT to determine when the AMX8XX is accessible via the I2C or SPI interface.

2.   A bias current will be applied to the 32.768 kHz crystal oscillator circuit, which will cause 
it to begin oscillation. There is also an initial kick start applied to the crystal oscillator cir-
cuit to improve startup time and provide a more robust and reliable startup.

A timing diagram of the FOUT and crystal oscillator startup behavior is in Figure 2-1 on page 8. 
The PUDEL parameter is the AMX8XX power up delay from the time VCC is applied until FOUT 
goes high. The XTST parameter is the time required for the crystal oscillator amplitude to reach 
200mV after FOUT goes high.
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Figure 2-1: Timing Diagram of the FOUT and Crystal Oscillator Startup Behavior

Due to the ultra-low power architecture of the AMX8XX, the power up process and startup 
time required will increase at lower voltages and temperatures. Figure 2-1 and 2 below show 
the typical FOUT and crystal oscillator startup timing vs. voltage at temperatures below 25°C.

Figure 2-2: FOUT Startup Delay
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Figure 2-3: Crystal Startup Time



10 A-RTCX85-ANGA06EN v2.0

SECTION

3 Layout Guidelines

In the customer’s application, the state of the FOUT pin must be monitored by the host control-
ler to determine when access to the AMX8XX RTC becomes available. This ensures I2C or SPI 
bus transfers do not happen too early, which will cause read/write failures. After the AMX8XX 
completes the power up process and bus access is available, the 32.768 kHz crystal will begin 
oscillating. At VCC = 3.0V, the crystal oscillator typically starts up and reaches sufficient ampli-
tude in less than 1 second after FOUT goes high, so the host controller can simply wait the time 
shown in Figure 2-3 on page 9 above to ensure the crystal has started and has reach sufficient 
amplitude.

Alternatively, the countdown timer can be used to count the number of 32.728 kHz clock cycles 
that have occurred. After FOUT goes high, the countdown timer can be programmed to trigger 
a TIRQ interrupt when the crystal oscillator has been running for approximately 1 second 
(~32768 crystal clocks have occurred and the TIM flag gets set), which ensures the crystal oscil-
lator has reached sufficient amplitude and the internal 32.768 kHz clock is stable. For example, 
the countdown timer frequency can be set to 64 Hz and the countdown timer register value set 
to 63, which will generate a countdown timer period of about 1 second. To check when the 
countdown timer reaches zero, the host controller can either poll the TIM flag bit, or wait for 
the TIRQ interrupt to occur.
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