
JUN ‘96
AN70REV1

1

Copyright  Crystal Semiconductor Corporation 1996
(All Rights Reserved)

Crystal Semiconductor Corporation
P.O. Box 17847, Austin, Texas 78760
(512) 445 7222   FAX: (512) 445 7581
http://www.crystal.com

The CS5101A/CS5102A:
Minimizing Start-up time After Coming out of Sleep

AN70

The CS5101A/CS5102A A/D converters include a
sleep function to help reduce power consumption.
The sleep function is a useful method of reducing
the average power consumption in a data acquisi-
tion system if the converter need not be operated
continuously. When power is first applied to the
CS5101A/CS5102A,  the device must be calibrat-
ed.  Then if the sleep function is activated, the cal-
ibration register is maintained.     

When the CS5101A/CS5102A comes out of sleep,
how quickly the converter can perform its first con-
version depends on several different factors.  When
in sleep, the gate (CLKIN-XOUT) used for the
crystal oscillator is powered down.  Therefore,
when coming out of sleep, the oscillator must take
some time to start up.  The typical start-up time for
a 2 to 8 MHz crystal oscillator is several millisec-
onds.  The time it takes for the oscillator to start up
can be eliminated if an external clock is used. Fig-
ure 1 illustrates a J-K flip-flop being used to control
an external clock to the CS5102A.  

A second source of delay when coming out of
sleep, is that the REFBUF capacitor must be
charged.  While asleep the capacitor will discharge
because the on-chip current source which normally
keeps it charged is shut off.  When coming out of
sleep, the on-chip current source is powered up.  It
must then charge the REFBUF capacitor to a value
nearly equal to the VREF voltage.  The time it takes
to charge the REFBUF capacitor is about 3 milli-
seconds in the CS5101A and about 50 milliseconds
in the CS5102A.  This time can be eliminated if the

REFBUF capacitor is kept precharged.  This can be
accomplished by keeping the external reference
voltage powered up and connecting a 2 kΩ resistor
between pins 20 and 21 (VREF and REFBUF). See
Figure 1.

By using an external clock and precharging the
REFBUF capacitor, the start-up time after coming
out of sleep can be minimized.   Before performing
the first conversion the internal circuitry must be-
come stable after which the converter must go
through a tracking cycle. The tracking cycle time is
a function of the CLKIN rate (see CS5101A/2A
Datasheet). 

The CS5102A is a low power version of the
CS5101A.  The CS5101A typically uses 320 mW
of power when operating.  The CS5102A typically
uses only 44 mW when operating.  The higher op-
erating currents of the CS5101A enable its internal
circuitry to start-up quickly when coming out of
sleep.  The internal subcircuits inside the CS5102A
are biased with such low currents that it takes much
longer for the internal circuitry to awake after com-
ing out of sleep.  A method of enhancing the start-
up time of the internal circuitry of the CS5102A is
to prevent the device from falling into too deep of
sleep.   This can be accomplished by repeatedly
pulsing the SLEEP pin high for 1 µsec. every 1000
µsec.  This keeps the circuits internal to the
CS5102A partially biased and enables the start-up
time when coming awake to be minimized.  
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Figure 1 illustrates the CS5102A with each of the
enhancements necessary to minimize start-up time
and Figure 2 indicates the timing signals for
SLEEP, CLKIN, and HOLD.
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Figure 1. CS5102A Start-up Enhancements.

Note: Only pertinent pins are shown for simplicity
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Figure 2. Timing for “shallow sleep” function (Timing segments not to scale).
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