Determing capacitor size and
maximum sampling frequency for a

nRF51 ADC voltage divider

The nRF51 ADC voltage divider model

The voltage divider circuit is as shown in figure 1.
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Figure 1. Voltage divider circuit for the nRF51 ADC

tsampry — 8 bit resolution 20 us
tsamprr — 9 bit resolution 36 us
tsampre — 10 bit resolution 68 us
R,;n — 1/1 prescale 129.7 kQ
R,y — 2/3 prescale 194.6 kQ
R,;n — 1/3 prescale 389.2 kQ)
U,pc — VBG reference 0.6V
1 bit voltage for 8 bit resolution 471 mV
1 bit voltage for 9 bit resolution 2.35 mV
1 bit voltage for 10 bit resolution | 1.17 mV

Table 1. nRF51 ADC values

Before ADC sampling, the capacitor C will charge up since the input to the ADC is high
impedance, i.e. R,y = . When the ADC samples, R4,y Will have value as shown in
table 1. Duration of each sample is tgappLE, @lS0 Shown in table 1.

When sampling, current will flow from capacitor C into the ADC through resistor Ry, y.
The charge of the capacitor will hold Uy, steady during the sampling period, therefore
eliminating the error caused by the high impedance voltage divider. The capacitor will of
course discharge a little when sampling but the capacitor needs to be dimensioned so that
the voltage error is less than what corresponds to 1 bit.



Deriving general equations

Steady state voltages for the circuit in Figure 1 are:

Uain ss ling = Uparr * _fellRam_ apc ™ —ullfz__
—o-samping R2||[RaIN+R1 Ry||Rz+RaIN
UA li =U 4 * L
IN_SS_not_sampling BATT Ry+R;
where:
_ R1*R;
Rql|Ry = —=

The discharge voltage for the capacitor in Figure 1 is:

-t
UC_discharge = Uo(e /RC)

Setting the discharge boundary equal to 1 bit voltage gives:

—t
Uy — Upir = Up(e /RC)

Isolating for C gives

_t .
C=—v—— equation 1
R*ln(UO ljlolblt) ( q )
where:
UO = UAIN_SS_not_sampling - UAIN_SS_sampling

t=tsampLE
R= Rz||RA_1N||R1
Uipic = 1 bit voltage

Finding the maximum sampling frequency
Capacitor charging equation is

-t
UC_charge = UO(1 —e€ /RC)

The capacitor is estimated to be fully charged after 5*RC (99.3%). Maximum sampling

. 1
frequency is therefore f,,,4, = P



where:
R =R;,|[R,

Calculation example
For the example, following values are selected:

Ugarr = 4.2V
R, = 10MQ
R, =2.2MQ

ADC prescaler: 1/1 (R;y = 129.7kQ)
ADC resolution: 10 bit (68us sampling period)

To find the capacitor value we insert the selected values into equation 1:

2.2M||129.7k 10M||2.2M
U g =42 % +0.6* =0.0508 + 0.5597 =
AIN_SS_sampling 2.2M||129.7k+10M 10M||2.2M+129.7k
0.6106 V
2.2M
ing =4.2*%*———=0.7574V
UAIN_SS_not_samplmg 22M+10M 0.75

UO = UAIN_SS_not_sampling - UAIN_SS_sampling =0.7574 - 0.6106 = 0.1468 V
t = tgamprr — 10 bit resolution = 68 us

_ _ 1 1 1 \_1_,1 1 1
R=Ry||RynlIRy = (R_1 + P + RAIN) =Gon Y omn T ook
Uipic = 1 bit voltage for 10 bit resolution = 1.17 mV

)1 =121.0 kQ

—-68u _
THesm=rrm = 10-3 NF

146.8m

"~ 121.0k*In(

The maximum sampling frequency for this setup is:

1 1 1

= = = =158 Hz

fmax 5+RC  5+Ry||[Ry*C  5%1.803M+70.3n




