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16.4.2 Peripheral Registers

Figure 16-2 shows a detailed functional diagram of the ZoomingADC™. In

Table 16-10 the configuration of the peripheral registers is detailed. The system has a bank of eight 8-bit registers:
six registers are used to configure the acquisition chain (RegAcC£g0 to 5), and two registers are used to store the
output code of the analog-to-digital conversion (RegAcOutMsb & Lsb). The register coding of the ADC parameters
and performance characteristics are detailed in Section 16.7.

Table 16-10. Peripheral registers to configure the acquisition chain (AC)

and to store the analog-to-digital conversion (ADC) result

Register Bit Position
Name 7 6 5 2 | 3 | 5 | 1 | 5
RegAcOutLsb OUTI[7:0]
RegAcOutMsb OUT[15:8]
RegfoCla0 | STAR SET_NELC[1:0] SET_OSR[2:0] CONT | TEST
Default T
. 01 010 0 0
values: 0
RegAcCfgl IB_AMP_ADC[ | IB_AMP_PGAJ[1: ]
Default 1:0] 0] ENAOBOLOEl[S.O]
values: 11 11
Reg:}gﬁl‘;gz FIN[L:0] PGA2_GAIN[L:0] PGA2_OFFSET[3:0]
: 00 00 0000
values:
Reljgg‘gﬁﬂg?’ PGé ! PGA3_GAIN[6:0]
. ( 0000000
values: 0
Regggﬁ;gll PGA3_OFFSET[6:0]
- 0 0000000
values:
Regggﬁﬂgg’ BUSY | DEF AMUX([4:0] VMUX
- 0 0 00000 0
values:

With:

e OUT: (r) digital output code of the analog-to-digital converter. (MSB = OUT [151])

e START: (W) setting this bit triggers a single conversion (after the current one is finished). This bit always reads
back 0.

e SET NELC: (rw) sets the number of elementary conversions to 255™-"¥“I"% T compensate for offsets, the
input signal is chopped between elementary conversions (1,2,4,8).

e SET OSR: (rw) sets the over-sampling rate (OSR) of an elementary conversion to 2@*SE-95R20) " ogR = g, 16,
32, ..., 512, 1024.

e CONT: (rw) setting this bit starts a conversion. A new conversion will automatically begin as long as the bit
remains at 1.

e TEST: bit only used for test purposes. In normal mode, this bit is forced to 0 and cannot be overwritten.

e IB AMP ADC: (rw) sets the bias current in the ADC to 0.25*(1+ IB_AMP ADC[1:0]) of the normal operation
current (25, 50, 75 or 100% of nominal current). To be used for low-power, low-speed operation.

e IB AMP_ PGA: (rw) sets the bias current in the PGAs to 0.25*(1+IB_AMP_ PGA [1:0]) of the normal operation
current (25, 50, 75 or 100% of nominal current). To be used for low-power, low-speed operation.

e ENABLE: (rw) enables the ADC modulator (bit 0) and the different stages of the PGAs (PGAI by bit i=1,2,3). PGA stages that
are disabled are bypassed.

e FIN: (rw) These bits set the sampling frequency of the acquisition chain. Expressed as a fraction of the oscillator frequency,
the sampling frequency is given as: 00 2 1/4 frc, 01 2> 1/8 fre, 10 > 1/32 frc, 11> ~8kHz.
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PGA1l_ GAIN: (rw) sets the gain of the first stage: 0 > 1, 1 - 10.

PGA2_GAIN: (rw) sets the gain of the second stage: 00 > 1,01 > 2,10 > 5, 11 > 10.

PGA3_GAIN: (rw) sets the gain of the third stage to PGA3 GAIN[6:0]-1/12.

PGA2_ OFFSET: (rw) sets the offset of the second stage between -1 and +1, with increments of 0.2. The MSB gives the sign

(0 — positive, 1 — negative); amplitude is coded with the bits PGA2 OFFSET [5:0].

e PGA3_ OFFSET: (rw) sets the offset of the third stage between -5.25 and +5.25, with increments of 1/12. The MSB gives the
sign (0 — positive, 1 — negative); amplitude is coded with the bits PGA3 OFFSET [5:0].

e BUSY: (r) set to 1 if a conversion is running. Note that the flag is set at the effective start of the conversion. Since the ADC is
generally synchronized on a lower frequency clock than the CPU, there might be a small delay (max. 1 cycle of the ADC
sampling frequency) between the writing of the START or CONT bits and the appearance of BUSY flag.

e DEF: (w) sets all values to their defaults (PGA disabled, max speed, nominal modulator bias current, 2 elementary
conversions, over-sampling rate of 32) and starts a new conversion without waiting the end of the preceding one.

e AMUX(4:0): (rw) AMUX [4] sets the mode (0 > 4 differential inputs, 1 = 7 inputs with A (0) = common reference) AMUX (3)
sets the sign (0 - straight, 1> cross) AMUX [2: 0] sets the channel.

e  VMUX: (rw) sets the differential reference channel (0 > R(1) andR(0),1 > R(3) andR(2)).

(r = read; w = write; rw = read & write)

16.4.3 Continuous-Time vs. On-Request

The ADC can be operated in two distinct modes: "continuous-time" and "on-request” modes (selected using the bit
CONT).

In "continuous-time" mode, the input signal is repeatedly converted into digital. After a conversion is finished, a new
one is automatically initiated. The new value is then written in the result register, and the corresponding internal
trigger pulse is generated. This operation is sketched in Figure 16-3. The conversion time in this case is defined as
Tcony.

Internal Trig _[] 1 N
Ouput Code :X X X X:
RegACOut[15:0]
Is
M

BUSY 1] L] L]
N | IS | —

Figure 16-3. ADC "continuous-time" operation

TCONV

Internal Trig ﬂ /|_| /ﬂ |_|_

Request ﬁ (

START
Ouput Code X
RegACOut[15:0]
BUSY [ ]
IRQ 1

Figure 16-4. ADC "on-request" operation

In the "on-request” mode, the internal behaviour of the converter is the same as in the "continuous-time" mode, but
the conversion is initiated on user request (with the START bit). As shown in Figure 16-4, the conversion time is also
Tconv- Note that the flag is set at the effective start of the conversion. Since the ADC is generally synchronized on a
lower frequency clock than the CPU, there might be a small delay (max. 1 cycle of the ADC sampling frequency)
between the writing of the START or CONT bits and the appearance of BUSY flag.
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16.5 Input Multiplexers

The ZoomingADC™ has eight analog inputs AC_A (0) to AC_A(7) and four reference inputs AC R(0) to AC R(3).
Let us first define the differential input voltage V,y and reference voltage Vger respectively as:
Vin =Vie =Viny V) (Eq. 3)

IN

and:
Veer =Veerr —Viern V) (Ea. 4)

As shown in Table 16-11 the inputs can be configured in two ways: either as 4 differential channels (V\y; = AC_A (1)
-AC A(0),..., Vina=AC _A(7) -AC _A(6)), or AC_A(0) can be used as a common reference, providing 7 signal
paths all referred to AC_A (0). The control word for the analog input selection is AMUX [4:0]. Notice that the bit
AMUX [3] controls the sign of the input voltage.

AMUX[4:0] N v AMUX[4:0] v v

(RegAcCfg5[5:1]) INP INN (RegAcCfg5[5:1]) INP INN
00x00 AC_A(1) | AC_A(0) 01x00 AC_A(0) | AC_A(1)
00x01 AC_A(3) | AC_A(2) 01x01 AC_A(2) | AC_A(3)
00x10 AC_A(5) | AC_A(4) 01x10 AC_A(4) | AC_A(5)
00x11 AC_A(7) | AC_A(6) 01x11 AC_A(6) | AC_A(7)
10000 AC_A(0) 11000 AC_A(0)
10001 AC_A(1) 11001 AC_A(1)
10010 AC_A(2) 11010 AC_A(2)
10011 AC_A(3) 11011 AC_A(3)
10100 AC_A(a) | ACAWO) 11100 AC_AO) | ac A1)
10101 AC_A(5) 11101 AC_A(5)
10110 AC_A(6) 11110 AC_A(6)
10111 AC_A(7) 11111 AC_A(7)

Table 16-11. Analog input selection

Similarly, the reference voltage is chosen among two differential channels (Vggrs = AC_R(1) -AC_R(0) OF Vgerz =
AC R(3)-AC _R(2)) as shown in Table 16-12. The selection bit is VMUX. The reference inputs Vgerpr and Vgern
(common-mode) can be up to the power supply range.

VMUX

(RegAcCfg5[0]) Vrerp VRern
0 AC R(1) | AC R(0)
1 AC_R(@3) | AC_R(2)

Table 16-12. Analog Reference input selection
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16.6 Programmable Gain Amplifiers

As seen in Figure 16-1, the zooming function is implemented with three programmable gain amplifiers (PGA). These
are:

. PGAL: coarse gain tuning
. PGA2: medium gain and offset tuning
. PGAS3: fine gain and offset tuning

All gain and offset settings are realized with ratios of capacitors. The user has control over each PGA activation and
gain, as well as the offset of stages 2 and 3. These functions are examined hereafter.

ENABLE[3:0] Block
xxx0 ADC disabled
XXx1 ADC enabled
xX0x PGA1 disabled
XX1X PGA1 enabled
X0xX PGAZ2 disabled
X1xx PGAZ2 enabled
OXXX PGAS3 disabled
1IXxx PGA3 enabled

Table 16-13 ADC & PGA enabling

PGA1 Gain
PGA1_GAIN GD; (V)
0 1
1 10

Table 16-14 PGA1 Gain Settings

PGA2_GAIN[1:0] PGGSZZ( \c/;/;\a))n
00 1
01 >
10 z
11 10

Table 16-15 PGA2 gain settings

PGA2 Offset
PGA2_OFFSET[3:0] GDoff, (VIV)
0000 0
0001 +0.2
0010 +0.4
0011 +0.6
0100 +0.8
0101 +1
1001 -0.2
1010 -0.4
1011 -0.6
1100 -0.8
1101 -1

Table 16-16 PGA2 offset settings
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. PGA3 Gain
PGA3_GAIN[6:0] GDs (VIV)
0000000 0
0000001 1/12(=0.083)
0000110 6/12
0001100 12/12
0010000 16/12
0100000 32/12
1000000 64/12
1111111 127/12(=10.58)

Table 16-17 PGA3 gain settings

PGAS3 Offset
PGA3 OFFSET[6:0] GDoff; (VIV)
0000000 0
0000001 +1/12(=+0.083)
0000010 +2/12
0010000 +16/12
0100000 +32/12
0111111 +63/12(=+5.25)
1000000 0
1000001 -1/12(=-0.083)
1000010 -2/12
1010000 -16/12
1100000 -32/12
1111111 -63/12(=-5.25)

Table 16-18 PGAS3 offset settings

16.6.1 PGA & ADC Enabling
Depending on the application objectives, the user may enable or bypass each PGA stage. This is done according to

the word ENABLE and the coding given in Table 16-13. To reduce power dissipation, the ADC can also be inactivated
while idle.

16.6.2 PGA1l

The first stage can have a buffer function (unity gain) or provide a gain of 10 (see Table 16-14). The voltage Vp; at
the output of PGAL is:

VDl = GD1 ’V|N V) (Eq. 5)

where GD; is the gain of PGAL (in V/V) controlled with the bit PGA1 GAIN.
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16.6.3 PGA2

The second PGA has a finer gain and offset tuning capability, as shown in Table 16-15 and Table 16-16. The voltage
Vp, at the output of PGA2 is given by:

Vy, =GD, -Vp, —GDoff, Veer (V) (Eq. 6)

where GD, and GDoff, are respectively the gain and offset of PGA2 (in V/V). These are controlled with the words
PGA2 GAIN[1:0] and PGA2 OFFSET[3:0].

As shown in equation 6, the offset correction is directly proportional to the reference voltage. All drifts and
perturbations on the reference voltage will affect the precision of the offset compensation.

16.6.4 PGA3

The finest gain and offset tuning is performed with the third and last PGA stage, according to the coding of Table
16-17 and Table 16-18. The output of PGAS is also the input of the ADC. Thus, similarly to PGA2, we find that the
voltage entering the ADC is given by:

Vinaoc =GD; -V, —GDoff, -Viee ) (Eq. 7)

where GD; and GDoff; are respectively the gain and offset of PGA3 (in V/V). The control words are
PGA3 GAIN[6:0] and PGA3 OFFSET[6:0] . To remain within the signal compliance of the PGA stages, the
condition:

VDl’VDZ <VDD (V) (Eq' 8)

must be verified.

As shown in equation 7, the offset correction is directly proportional to the reference voltage. All drifts and
perturbations on the reference voltage will affect the precision of the offset compensation.

Finally, combining equations Eqg. 5 to Eq. 7 for the three PGA stages, the input voltage Vi apc Of the ADC is related
to V|N by

Vinaoc =GDror -V —GDoff 1 Ve (V) (Eq. 9)
where the total PGA gain is defined as:

GD,o; =GD, -GD, -GD, (VIV) (Eq. 10)
and the total PGA offset is:

GDoff,o; =GDoff, +GD, -GDoff, (VIV) (Eq. 11)
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16.7 ADC Characteristics

The main performance characteristics of the ADC (resolution, conversion time, etc.) are determined by three
programmable parameters. The setting of these parameters and the resulting performances are described later.

¢ sampling frequency fs,

e over-sampling ratio OSR, and

o number of elementary conversions Ng cony-

16.7.1 Conversion Sequence
A conversion is started each time the bit START or the bit DEF is set. As depicted in Figure 16-5, a complete analog-
to-digital conversion sequence is made of a set of Ngcony €lementary incremental conversions and a final
guantization step. Each elementary conversion is made of (OSR+1) sampling periods Ts=1/fs, i.e.:

Tercony = (OSR+1)/ {5 O (Eq. 12)
The result is the mean of the elementary conversion results. An important feature is that the elementary conversions
are alternatively performed with the offset of the internal amplifiers contributing in one direction and the other to the

output code. Thus, converter internal offset is eliminated if at least two elementary sequences are performed (i.e. if
NeLcony = 2). A few additional clock cycles are also required to initiate and end the conversion properly.

TeLconv= (OSR+1)/f g

P

/
7/

.| Elementary Elementary Elementary Elementary Conversion

Init . . . . End
Conversion Conversion ’2 Conversion Conversion Result
7/
Conversion index 1 2 NeLcony- 1 NeLcony
Offset + - T + -

CONV

Figure 16-5 Analog-to-digital conversion sequence

16.7.2 Sampling Frequency

The word FIN[1:0] is used to select the sampling frequency fs (Table 16-19). Three sub-multiples of the internal
RC-based frequency frcexr can be chosen. For FIN = "11", sampling frequency is about 8kHz. Additional information
on oscillators and their control can be found in the clock block documentation.

Sampling Frequency fs (Hz)
FIN[1:0] XE8801A, SX8801
and XE8805A XE8802
00 1/4frc 1/8-frcexr
01 1/8-frc 1/16-frcext
10 1/32-frc 1/64-frcext
11 ~8kHz ~4kHz

Table 16-19 Sampling frequency settings (frc Or freext is the RC oscillator frequency)
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16.7.3 Over-Sampling Ratio

The over-sampling ratio (OSR) defines the number of integration cycles per elementary conversion. Its value is set
with the word SET_OSR[2:0] in power of 2 steps (see Table 16-20) given by:

SET_OSR[2:0] Over-Sampling Ratio
(RegAcCfgO0[4:2]) OSR (v)
000 8
001 16
010 32
011 64
100 128
101 256
110 512
111 1024

Table 16-20 Over-sampling ratio settings

16.7.4 Elementary Conversions

As mentioned previously, the whole conversion sequence is made of a set of Ng convy €lementary incremental
conversions. This number is set with the word SET NELC[1:0] in power of 2 steps (see Table 16-21) given by:

SET_NELCJ1:0] ) (Eq. 14)

N =2

ELCONV

© Semtech 2005 www.semtech.com
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senerco | FgEemen
(RegAcCfgO0[6:5]) Necony ()
00 1
01 2
10 4
11 8

Table 16-21 Number of elementary conversion settings

As already mentioned, Ng_cony Must be equal or greater than 2 to reduce internal amplifier offsets.

16.7.5 Resolution
The theoretical resolution of the ADC, without considering thermal noise, is given by:

n=2-log,(OSR) +10g, (Ng cony)  (BItS) (Eqg. 15)

17

15 &5 :2 P
SET NELC= 11%
13 A
01

10 2
1:' f
2

R

000 001 010 011 100 101 110 111
SET OSR

00

Resolution - n [Bits]

Figure 16-6 Resolution vs. SET OSR[2:0] and SET NELC[2:0]

SET_OS SET_NELC
R
[2.0] 00 01 10 11
000 6 7 8 9
001 8 9 10 11
010 10 11 12 13
011 12 13 14 15
100 14 15 16 16
101 16 16 16 16
110 16 16 16 16
111 16 16 16 16

(shaded area: resolution truncated to 16 bits
due to output register size RegAcOut [15:0])

Table 16-22 Resolution vs. SET_OSR[2:0] and SET_NELC[1:0] settings
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Using look-up Table 16-22 or the graph plotted in Figure 16-6, resolution can be set between 6 and 16 bits. Notice
that, because of 16-bit register use for the ADC output, practical resolution is limited to 16 bits, i.e. n < 16. Even if
the resolution is truncated to 16 bit by the output register size, it may make sense to set OSR and Ng cony to higher
values in order to reduce the influence of the thermal noise in the PGA (see section 16.8.4).

16.7.6 Conversion Time & Throughput
As explained using Figure 16-5, conversion time is given by:

Teoww =(Ngicow - (OSR+1) +1)/ fg (s) (Eg. 16)
and throughput is then simply 1/Tcony. FOr example, consider an over-sampling ratio of 256, 2 elementary
conversions, and a sampling frequency of 500kHz (SET OSR = "101", SET NELC = "01", fc = 2MHz, and FIN =
"00"). In this case, using Table 16-23, the conversion time is 515 sampling periods, or 1.03ms. This corresponds to a

throughput of 971Hz in continuous-time mode. The plot of Figure 16-7 illustrates the classic trade-off between
resolution and conversion time.

SET_OSR SET_NELC[1:0]

[2:0] 00 01 10 11
000 10 19 37 73
001 18 35 69 137
010 34 67 133 265
011 66 131 261 521
100 130 259 517 1033
101 258 515 1029 2057
110 514 1027 2053 4105
111 1026 2051 4101 8201

Table 16-23 Normalized conversion time (Tcony fs) vVS. SET_0SR[2:0] and SET_NELC[1:0](normalized
to sampling period 1/fs)

=
4
=)

14.0 4

-
g
=}

SET NELC
11 —

©
o
N

10

Resolution - n [Bits]
=
o
o

F——01
{ 00

[d
=)
&

»>
<)

10.0 100.0 1000.0 10000.0

Normalized Conversion Time - Teony*fs [-]

Figure 16-7 Resolution vs. normalized conversion time for different SET NELC[1:0]

16.7.7 Output Code Format

The ADC output code is a 16-bit word in two's complement format (see Table 16-24). For input voltages outside the
range, the output code is saturated to the closest full-scale value (i.e. Ox7FFF or 0x8000). For resolutions smaller
than 16 bits, the non-significant bits are forced to the values shown in Table 16-25. The output code, expressed in
LSBs, corresponds to:
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OUT, g = 2. Jmae OSR+1 (o)
Ve  OSR

Recalling equation Eq. 9, this can be rewritten as:

OUT,y, =2 .

Vv OSR+1
[GDTOT —GDoffro; - REF] ) -

V,, ) OSR

REF

(Eq.17)

(LSB) (Eq. 18)

where, from Eq. 10 and Eqg. 11, the total PGA gain and offset are respectively:

GD,o; =GD, -GD, -GD, (VIV)
and:
GDoff o, = GDoff, +GD, -GDoff, (VIV)
% of
ADC Input Full Output in Output
Voltage Code
v, Scale LSBs in Hex
IN,ADC (FS)
+215_1
+2.49505V | +0.5-FS 432767 TFFF
+215_2
+2.49497V —132'766 7FFE
+76.145uV +1 0001
oV 0 0 0000
-76.145pnV -1 FFFF
-2.1.5'-1
-2.49505V ~.30'767 8001
_215
-2.49513V -0.5-FS =-32'768 8000
Table 16-24. Basic ADC Relationships (example for: Vrgr= 5V, OSR =512, n = 16 bits)
SET_OS
R SET_NELC =00 | SET_NELC=01 | SET_ NELC=10 | SET_NELC=11
[2:0]
000 1000000000 100000000 10000000 1000000
001 10000000 1000000 100000 10000
010 100000 10000 1000 100
011 1000 100 10 1
100 10 1 - -
101 - - - -
110 - - -
111 - - -
Table 16-25. Last forced LSBs in conversion output registers for resolution settings smaller than 16
bits (n < 16) (RegAcOutMsb[7:0] & RegAcOutLsb[7:0])
© Semtech 2005 www.semtech.com
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The equivalent LSB size at the input of the PGA chain is:

LsB =L . Veer  OSR W) (Eq. 19)
2" GD,,; OSR+1

Notice that the input voltage V| apc Of the ADC must satisfy the condition:

1 OSR
’VIN,ADC‘ < E ’ (VREFP _VREFN ) m W% (Eg. 20)

to remain within the ADC input range.

16.7.8 Power Saving Modes

During low-speed operation, the bias current in the PGAs and ADC can be programmed to save power using the
control words IB AMP PGA[1:0] and IB AMP ADC[1:0] (See Table 16-26). If the system is idle, the PGAs and
ADC can even be disabled, thus, reducing power consumption to its minimum. This can considerably improve
battery lifetime.

ADC PGA
IB_AMP_ADC 'B—A['\f%—]PGA Bias | Bias "’['I"j’gz ;S
[1:0] ) Current | Current

00 1/4-1apc 62.5
01 x 1/2-lapc x 125
10 3/4-1apc 250
11 lapc 500
00 1/4-lpca 62.5

X 01 X 1/2:lpca 125
10 3/4-lpga 250

11 Ipca 500

Table 16-26. ADC & PGA power saving modes and maximum sampling frequency

16.8 Specifications and Measured Curves

This section presents measurement results for the acquisition chain. A summary table with circuit specifications and
measured curves are given.

16.8.1 Default Settings

Unless otherwise specified, the measurement conditions are the following:
. Temperature T, = +25°C
VDD = +5V, GND = OV, VREF = +5V, V|N =0V
RC frequency frc = 2MHz, sampling frequency fs = 500kHz
Offsets GDOff, = GDOff; = 0
Power operation: normal (IB_AMP ADC[1:0] = IB AMP PGA[1:0] ='11")
Resolution: for n = 12 bits: OSR = 32 and Ng conv =4
for n = 16 bits: OSR =512 and Ng cony = 2

© Semtech 2005 www.semtech.com
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16.8.2 Specifications

Unless otherwise specified: Temperature Ta = +25°C, Vpp = +5V, GND = 0V, Vger = +5V, Vi = 0V, RC frequency frc = 2MHz, sampling frequency
fs = 500kHz, Overall PGA gain GD+or = 1, offsets GDOff, = GDOff; = 0. Power operation: normal (IB_AMP ADC[1:0] = IB_AMP PGA[1:0] =
'11"). For resolution n = 12 bits: OSR = 32 and Ngicony = 4. For resolution n = 16 bits: OSR = 512 and Ngicony = 2.

PARAMETER VALUE UNITS COMMENTS/CONDITIONS
MIN TYP MAX
ANALOG INPUT
CHARACTERISTICS
Differential Input Voltage Ranges -2.42 +2.42 \% Gain =1, OSR = 32 (Note 1)
Vin = (V|Np - VINN) -24.2 +24.2 mV Gain = 100, OSR = 32
-2.42 +2.42 mvV Gain = 1000, OSR = 32
Reference Voltage Range
Vrer = (VREFP - VREFN) Voo \
PROGRAMMABLE GAIN
AMPLIFIERS (PGA)
Total PGA Gain, GD+or 0.5 1000 VIV
PGAL1 Gain, GD,; 1 10 VIV See Table 16-14
PGA2 Gain, GD, 1 10 VIV See Table 16-15
PGA3 Gain, GD3 0 127/12 VIV Step=1/12 VIV, See Table 16-17
Gain Setting Precision (each stage) -3 +0.5 +3 %
Gain Temperature Dependence 5 ppm/°C
Offset
PGA2 Offset, GDoff, -1 +1 VIV Step=0.2 V/V, See Table 16-16
PGA3 Offset, GDoffs -127/12 +127/12 VIV Step=1/12 VIV, See Table 16-18
Offset Setting Precision (PGA2 or 3) -3 +0.5 +3 % (Note 2)
Offset Temperature Dependence 45 ppm/°C
Input Impedance
PGA1 1500 kQ PGA1 Gain = 1 (Note 3)
150 kQ PGA1 Gain = 10 (Note 3)
PGA2, PGA3 150 kQ Maximal gain (Note 3)
Output RMS Noise
PGA1l 205 uv (Note 4)
PGA2 340 uv (Note 5)
PGA3 365 Y (Note 6)
ADC STATIC PERFORMANCE
Resolution, n 6 16 Bits (Note 7)
No Missing Codes (Note 8)
Gain Error +0.15 % of FS | (Note 9)
Offset Error +1 LSB n = 16 bits (Note 10)
Integral Non-Linearity, INL
Resolution n = 16 Bits +1.0 LSB (Note 11)
Differential Non-Linearity, DNL
Resolution n = 16 Bits +0.5 LSB (Note 12)
Power Supply Rejection Ratio, PSRR 78 dB Vpp =5V £ 0.3V (Note 13)
72 dB Voo = 3V + 0.3V (Note 13)
DYNAMIC PERFORMANCE
Sampling Frequency, fs 3 kHz
Conversion Time, Tcony 133 cycles/fs | n =12 bits (Note 14)
1027 cycles/fs | n =16 bits (Note 14)
Throughput Rate (Continuous Mode), 3.76 kSps n =12 bits, fs = 500kHz
1/TCONV 0.49 kSps n=16 bits, fs = 500kHz
Nbr of Initialization Cycles, Nyt 0 2 cycles
Nbr of End Conversion Cycles, Nenp 0 5 cycles
PGA Stabilization Delay OSR cycles (Note 15)
DIGITAL OUTPUT
ADC Output Data Coding Binary Two’'s Complement
See Table 16-24 and Table
16-25
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Specifications (Cont’d)

VALUE
PARAMETER MIN TYP MAX UNITS COMMENTS/CONDITIONS
POWER SUPPLY
Voltage Supply Range, Vpp +2.4 +5 +5.5 \%
Analog Quiescent Current Only Acquisition Chain
Consumption, Total (lg) 720/620 pA Vpp = 5VI3V
ADC Only 250/190 pA Vpp = 5V/3V
PGA1 165/150 HA Vpp = 5V/I3V
PGA2 130/120 pA Vpp = 5V/3V
PGA3 175/160 HA Vpp = 5V/I3V
Analog Power Dissipation All PGAs & ADC Active
Normal Power Mode 3.6/1.9 mw Vpp = 5V/3V (Note 16)
3/4 Power Reduction Mode 2.711.4 mw Vpp = 5V/3V (Note 17)
1/2 Power Reduction Mode 1.8/0.9 mw Vpp = 5V/3V (Note 18)
1/4 Power Reduction Mode 0.9/0.5 mw Vpp = 5V/3V (Note 19)
TEMPERATURE
Specified Range -40 +85 °C
Operating Range -40 +125 °C
Notes:
(1) Gain defined as overal PGA gain GDror = GD;:GDyGD;. Maximum input voltage is given by:
Vinmax = £(Vrer/2)-(OSR/OSR+1).
(2) Offset due to tolerance on GDoff, or GDoff; setting. For small intrinsic offset, use only ADC and PGAL.
(3) Measured with block connected to inputs through AMUX block. Normalized input sampling frequency for input impedance is fs =
512kHz. This figure must be multiplied by 2 for fs = 256kHz, 4 for fs = 128kHz. Input impedance is proportional to 1/fs.
(4) Figure independent from PGAl gain and sampling frequency fs. See model of Figure 16-18(a).
See equation Eqg. 21 to calculate equivalent input noise.
(5) Figure independent on PGA2 gain and sampling frequency fs. See model of Figure 16-18(a). See equation Eq. 21 to calculate
equivalent input noise.
(6) Figure independent on PGA3 gain and sampling frequency fs. See model of Figure 16-18(a) and equation Eqg. 21 to calculate
equivalent input noise.
(7) Resolution is given by n = 2-10g2(OSR) + 10g2(NeLconv)- OSR can be set between 8 and 1024, in powers of 2. Ng.conv Can be set to 1,
2,4 o0r8.
(8) If aramp signal is applied to the input, all digital codes appear in the resulting ADC output data.
(9) Gain error is defined as the amount of deviation between the ideal (theoretical) transfer function and the measured transfer function
(with the offset error removed). (See Figure 16-19)
(10) Offset error is defined as the output code error for a zero volt input (ideally, output code = 0). For + 1 LSB offset, Ng.conv must be >2.
(11) INL defined as the deviation of the DC transfer curve of each individual code from the best-fit straight line. This specification holds
over the full scale.
(12) DNL is defined as the difference (in LSB) between the ideal (1 LSB) and measured code transitions for successive codes.
(13) Figures for Gains = 1 to 100. PSRR is defined as the amount of change in the ADC output value as the power supply voltage
changes.
(14) Conversion time is given by: Tconv = (Netcony - (OSR + 1) + 1) / fs. OSR can be set between 8 and 1024, in powers of 2. Necony Can
be setto 1, 2, 4 or 8.
(15) PGAs are reset after each writing operation to registers RegAcCfg1-5. The ADC must be started after a PGA or inputs common-mode
stabilisation delay. This is done by writing bit Start several cycles after PGA settings modification or channel switching. Delay between
PGA start or input channel switching and ADC start should be equivalent to OSR (between 8 and 1024) number of cycles. This delay
does not apply to conversions made without the PGAs.
(16) Nominal (maximum) bias currents in PGAs and ADC, i.e. IB_AMP_PGA[1:0] = ‘11’ and IB_AMP_ADC[1:0] = ‘11".
(17) Bias currents in PGAs and ADC set to 3/4 of nominal values, i.e. IB_AMP_PGA[1:0] = ‘10", IB_AMP_ADC[1:0] = ‘10'.
(18) Bias currents in PGAs and ADC set to 1/2 of nominal values, i.e. IB_AMP_PGA[1:0] = ‘01", IB_AMP_ADC[1:0] = ‘01".
(19) Bias currents in PGAs and ADC set to 1/4 of nominal values, i.e. IB_AMP_PGA[1:0] = ‘00", IB_AMP_ADC[1:0] = ‘00'.
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16.8.3 Linearity

16.8.3.1 Integral non-linearity

The integral non-linearity depends on the selected gain configuration. First of all, the non-linearity of the ADC (all
PGA stages bypassed) is shown in Figure 16-8.

INL ADC, 16bits, PGA bypassed, averaged over 8 samples, 4800 points, Vref=4 8V,
Ybat=6V

=
o

INL [LSB 16bits]

b &b Ao wnwse oo

Y
o

500 1000 1800 2000
Vin [mV]

o

Figure 16-8 Integral non-linearity of the ADC (PGA disabled, reference voltage of 4.8V)

The different PGA stages have been designed to find the best compromise between the noise performance, the
integral non-linearity and the power consumption. To obtain this, the first stage has the best noise performance and
the third stage the best linearity performance. For large input signals (small PGA gains, i.e. up to about 50), the noise
added by the PGA is very small with respect to the input signal and the second and third stage of the PGA should be
used to get the best linearity. For small input signals (large gains, i.e. above 50), the noise level in the PGA is
important and the first stage of the PGA should be used.

The following figures give the non-linearity for different gain settings of the PGA, selecting the appropriate stage to
get the best noise and linearity performance. Figure 16-9 shows the non-linearity when the third stage is used with a
gain of 1. It is of course not very useful to use the PGA with a gain of 1 unless it is used to compensate offset. By
increasing the gain, the integral non-linearity becomes even smaller since the signal in the amplifiers reduces.

Figure 16-10 shows the non-linearity for a gain of 2. Figure 16-11 shows the non-linearity for a gain of 5. Figure
16-12 shows the non-linearity for a gain of 10. By comparing these figures to Figure 16-8, it can be seen that the
third stage of the PGA does not add significant integral non-linearity.

Figure 16-13 shows the non-linearity for a gain of 20 and Figure 16-14 shows the non-linearity for a gain of 50. In
both cases the PGA2 is used at a gain of 10 and the remaining gain is realized by the third stage. It can be seen
again that the second stage of the PGA does not add significant non-linearity.

For gains above 50, the first stage PGA1 should be selected in stead of PGA2. Although the non-linearity in the first
stage of the PGA is larger than in stage 2 and 3, the gain in stage 3 is now sufficiently high so that the non-linearity
of the first stage does become negligible as is shown in Figure 16-15 for a gain of 100. Therefor, the first stage is
preferred over the second stage since it has less noise.

Increasing the gain further up to 1000 will further increase the linearity since the signal becomes very small in the

first two stages. The signal is full scale at the output of stage 3 and as shown in Figure 16-9 to Figure 16-12, this
stage has very good linearity.
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INL (PGA1 disabled, PGA2 disabled, PGA3=1, set_osr=7, set_nelconv=3,
VBAT=5V, Vref=5V, Vcommon=0V)
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Figure 16-9 Integral non-linearity of the ADC and with gain of 1 (PGA1 and PGA2 disabled, PGA3=1,
reference voltage of 5V)

INL (PGA1 disabled, PGA2 disabled, PGA3=2, set_osr=7, set_nelconv=3,
VBAT=5V, Vref=5§V, Vcommon=0V)
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Figure 16-10 Integral non-linearity of the ADC and gain of 2 (PGA1 and PGA2 disabled, PGA3=2
reference voltage of 5V)

INL (PGA1 disabled, PGA2 disabled, PGA3=5, set_osr=7, set_nelconv=3,
VBAT=5V, Vref=§V, Vcommon=0V)
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Figure 16-11 Integral non-linearity of the ADC and gain of 5 (PGA1 and PGA2 disabled, PGA3=5,
reference voltage of 5V)
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INL (PGA1 disabled, PGA2 disabled, PGA3=10, set_osr=7, set_nelconv=3,
VBAT=5V, Vref=3V, Vcommon=0V)

o

INL (LSB 16 bit)
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o

Figure 16-12 Integral non-linearity of the ADC and gain of 10 (PGA1 and PGA2 disabled, PGA3=10,

reference voltage of 5V)

INL (PGA1 disabled, PGA2=10, PGA3=2, set_osr=7, set_nelconv=3, Vref=5V, VBAT=5V,
Vcommon=0V)
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Figure 16-13 Integral non-linearity of the ADC and gain of 20 (PGA1 and PGA2=10, PGA3=2, reference
voltage of 5V)
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inl (PGA1 disabled, PGA2=10, PGA3=5, set_osr=7, set_nelconv=3, VBAT=5V, Vref=5V, Vcommon=0V)

o A"/\‘nvh WHV\A W Mg S VAM_VRWIA WA‘/LW \\ ‘M’(\\jmw AUMWN Y
Y,

INL (LSB 16 bit)

0 5 10 15 20 25 30 35 40 45 50
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Figure 16-14 Integral non-linearity of the ADC and gain of 50 (PGA1 disabled, PGA2=10, PGA3=5,
reference voltage of 5V)

inl (PGA1=10, PGA3=10, PGAZ disabled, set_osr=6, set_nelconv=1, VBAT=5Y, Vref=5V, Vcommon=0V)

WW“‘”\A—\

INL [LSB 16 bity
o

Win (m\y)

Figure 16-15 Integral non-linearity of the ADC and gain of 100 (PGA1=10 and PGA3=10, PGA2 disabled,
reference voltage of 5V)

16.8.3.2 Differential non-linearity

The differential non-linearity is generated by the ADC. The PGA does not add differential non-linearity. Figure 16-16
shows the differential non-linearity.
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DNL (PGAs bypassed, set_nelconv=3, set_osr=7)
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Figure 16-16 Differential non-linearity of the ADC converter.

16.8.4 Noise

Ideally, a constant input voltage V|y should result in a constant output code. However, because of circuit noise, the
output code may vary for a fixed input voltage. Thus, a statistical analysis on the output code of 1200 conversions for
a constant input voltage was performed to derive the equivalent noise levels of PGA1l, PGA2, and PGA3. The
extracted rms output noise of PGA1L, 2, and 3 are given in Table 16-27: standard output deviation and output rms
noise voltage. Figure 16-17 shows the distribution for the ADC alone (PGAL, 2, and 3 bypassed). Quantization noise
is dominant in this case, and, thus, the ADC thermal noise is below 16 bits.

The simple noise model of Figure 16-18(a) is used to estimate the equivalent input referred rms noise Vy,y of the
acquisition chain in the model of Figure 16-18(b). This is given by the relationship:

V. %o (Vs /GD,)? +(Vy, /(GD, -GD,))* + (V3 /(GD, - GD, -GD))* (Vrms)  (Eq. 21)
i (OSR -N ELCONV )

where V1, Ve, and Vys are the output rms noise figures of Table 16-27, GD;, GD,, and GD; are the PGA gains of
stages 1 to 3 respectively. As shown in this equation, noise can be reduced by increasing OSR and Ng_conv
(increases the ADC averaging effect, but reduces noise).

Parameter PGA1 PGA2 PGA3

Standard deviation at
ADC output (LSB)

Output rms noise (uV) - | 205 (Vn1) | 340 (Vo) | 365 (Via)
Note: see noise model of Figure 16-18 and equation Eq. 21.

Table 16-27 PGA noise measurements (n = 16 bits, OSR =512, Ng, conv = 2, Vger = 5V)

0.85 14 15
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Figure 16-17 ADC noise (PGA1, 2 & 3 bypassed, OSR=512,Ng, conv=2)
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Figure 16-18 (a) Simple noise model for PGAs and ADC

and (b) total input referred noise

As an example, consider the system where: GD, = 10 (GD; = 1; PGAS3 bypassed), OSR = 512, Ng.conv = 2, VRer =
5V. In this case, the noise contribution Vy; of PGAL is dominant over that of PGA2. Using equation Eg. 21, we get:
Vv = 6.4uV (rms) at the input of the acquisition chain, or, equivalently, 0.85 LSB at the output of the ADC.
Considering a 0.2V (rms) maximum signal amplitude, the signal-to-noise ratio is 90dB.

Noise can also be reduced by implementing a software filter. By making an average on a number of subsequent
measurements, the apparent noise is reduced the square root of the number of measurement used to make the
average.

16.8.5 Gain Error and Offset Error

Gain error is defined as the amount of deviation between the ideal transfer function (theoretical equation Eq. 18) and
the measured transfer function (with the offset error removed).

The actual gain of the different stages can vary depending on the fabrication tolerances of the different elements.
Although these tolerances are specified to a maximum of +3%, they will be most of the time around +0.5%.
Moreover, the tolerances between the different stages are not correlated and the probability to get the maximal error
in the same direction in all stages is very low. Finally, these gain errors can be calibrated by the software at the same
time with the gain errors of the sensor for instance.
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Figure 16-19 shows gain error drift vs. temperature for different PGA gains. The curves are expressed in % of Full-
Scale Range (FSR) normalized to 25°C.

Offset error is defined as the output code error for a zero volt input (ideally, output code = 0). The offset of the ADC
and the PGAL stage are completely suppressed if Ng cony > 1.

The measured offset drift vs. temperature curves for different PGA gains are depicted in Figure 16-20. The output

offset error, expressed in LSB for 16-bit setting, is normalized to 25°C. Notice that if the ADC is used alone, the
output offset error is below +1 LSB and has no drift.
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Figure 16-19 Gain error vs. temperature for different PGA gains
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Figure 16-20 Offset error vs. temperature for different PGA gains

16.8.6 Power Consumption

Figure 16-21 plots the variation of quiescent current consumption with supply voltage Vpp, as well as the distribution
between the 3 PGA stages and the ADC (see Table 16-28). As shown in Figure 16-22, if lower sampling frequency is
used, the quiescent current consumption can be lowered by reducing the bias currents of the PGAs and the ADC
with registers IB_ AMP PGA [1:0] and IB AMP ADC [1:0]. (In Figure 16-22, IB_ AMP PGA/ADC[1:0] = '11
'10', '00' for fs = 500, 250, 62.5kHz respectively.)

Quiescent current consumption vs. temperature is depicted in Figure 16-23, showing a relative increase of nearly
40% between -45 and +85°C. Figure 16-24 shows the variation of quiescent current consumption for different

© Semtech 2005 www.semtech.com

16-26



7=
'J SEMTECH

XE8801A — SX8801R

frequency settings of the internal RC oscillator. It can be seen that the quiescent current varies by about 20%
between 100kHz and 2MHz.

Quiescent Current -1 [uA]

900

Figure 16-21 Quiescent current consumption vs. supply voltage
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Figure 16-22 Quiescent current consumption vs. supply voltage for different sampling frequencies
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Figure 16-23 (a) Absolute and (b) relative change inquiescent current consumption vs. temperature
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Supply ADC PGA1 PGA2 PGA3 TOTAL Unit
Vop = 5V 250 165 130 175 720 pA
Vpp = 3V 190 150 120 160 620 pA

Table 16-28 Typical quiescent current distributions in acquisition chain (n = 16 bits, fs = 500kHz)
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Figure 16-24 (a) Absolute and (b) relative change in quiescent curent consumption vs. RC oscillator
frequency (all PGAs active, Vpp = 5V)

16.8.7 Power Supply Rejection Ratio

Figure 16-25 shows power supply rejection ratio (PSRR) at 3V and 5V supply voltage, and for various PGA gains.
PSRR is defined as the ratio (in dB) of voltage supply change (in V) to the change in the converter output (in V).
PSRR depends on both PGA gain and supply voltage Vpp.
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Figure 16-25 Power supply rejection ratio (PSRR)
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Supply | GAIN=1 | GAIN=5 | GAIN=10 | GAIN=20 | GAIN=100 | Unit
Vpp =5V 79 78 100 99 97 dB
Vpp = 3V 72 79 90 90 86 dB

Table 16-29 PSRR (n = 16 bits, V\y = Vrer = 2.5V, fs = 500kHz)

16.9 Application Hints

16.9.1 Input Impedance

The PGAs of the acquisition chain employ switched-capacitor techniques. For this reason, while a conversion is
done, the input impedance on the selected channel of the PGAs is inversely proportional to the sampling frequency
fs and to stage gain as given in equation 22.

S 768-10°QHz
" f, -gain
The input impedance observed is the input impedance of the first PGA stage that is enabled or the input impedance
of the ADC if all three stages are disabled.

Z (Eq. 22)

PGALl (with a gain of 10), PGA2 (with a gain of 10) and PGA3 (with a gain of 10) each have a minimum input
impedance of 150kQ at fs = 512kHz (see Specification Table). Larger input impedance can be obtained by reducing
the gain and/or by reducing the sampling frequency. Therefor, with a gain of 1 and a sampling frequency of 100kHz,
Zin > 7.6MQ.

The input impedance on channels that are not selected is very high (>100MQ).

16.9.2 PGA Settling or Input Channel Modifications

PGAs are reset after each writing operation to registers RegAcCfgl-5. Similarly, input channels are switched after
modifications of AMUX [4:0] or VMUX. To ensure precise conversion, the ADC must be started after a PGA or inputs
common-mode stabilization delay. This is done by writing bit START several cycles after PGA settings modification or
channel switching. Delay between PGA start or input channel switching and ADC start should be equivalent to OSR
(between 8 and 1024) number of cycles. This delay does not apply to conversions made without the PGAs.

If the ADC is not settled within the specified period, there is most probably an input impedance problem (see
previous section).

16.9.3 PGA Gain & Offset, Linearity and Noise

Hereafter are a few design guidelines that should be taken into account when using the ZoomingADC™:

1) Keep in mind that increasing the overall PGA gain, or "zooming" coefficient, improves linearity but degrades
noise performance.

2) Use the minimum number of PGA stages necessary to produce the desired gain ("zooming") and offset.
Bypass unnecessary PGAs.

3) For high gains (>50), use PGA stage 1. For low gains (<50) use stages 2 and 3.

4) For the lowest noise, set the highest possible gain on the first (front) PGA stage used in the chain. For
example, in an application where a gain of 20 is needed, set the gain of PGA2 to 10, set the gain of PGA3
to 2.
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4) For highest linearity and lowest noise performance, bypass all PGAs and use the ADC alone (applications
where no "zooming" is needed); i.e. set ENABLE[3:0] ='0001".

5) For low-noise applications where power consumption is not a primary concern, maintain the largest bias
currents in the PGAs and in the ADC; i.e. set IB_ AMP PGA[1:0] = IB_AMP ADC[1:0] ='11"

6) For lowest output offset error at the output of the ADC, bypass PGA2 and PGA3. Indeed, PGA2 and PGA3
typically introduce an offset of about 5 to 10 LSB (16 bit) at their output. Note, however, that the ADC
output offset is easily calibrated out by software.

16.9.4 Frequency Response

The incremental ADC is an over-sampled converter with two main blocks: an analog modulator and a low-pass
digital filter. The main function of the digital filter is to remove the quantization noise introduced by the modulator. As
shown in Figure 16-26, this filter determines the frequency response of the transfer function between the output of
the ADC and the analog input V\y. Notice that the frequency axes are normalized to one elementary conversion
period OSR/fs. The plots of Figure 16-26 also show that the frequency response changes with the number of
elementary conversions Ng conv performed. In particular, notches appear for Ng_cony = 2. These notches occur at:

i f

s (Hz)  fori=12,..,(Ngeow —1) (Eq. 23)
OSR-N ELCONV

fNOTCH (') =

and are repeated every fs/OSR.

Information on the location of these notches is particularly useful when specific frequencies must be filtered out by
the acquisition system. For example, consider a 5Hz-bandwidth, 16-bit sensing system where 50Hz line rejection is
needed. Using the above equation and the plots below, we set the 4th notch for Ng cony = 4 to 50Hz, i.e. 1.25-fs/OSR
= 50Hz. The sampling frequency is then calculated as fs = 20.48kHz for OSR = 512. Notice that this choice yields
also good attenuation of 50Hz harmonics.
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Power Reduction

The ZoominADC™ is particularly well suited for low-power applications. When very low power consumption is of
primary concern, such as in battery operated systems, several parameters can be used to reduce power

consumption as follows:

5)

Operate the acquisition chain with a reduced supply voltage Vpp.
Disable the PGAs which are not used during analog-to-digital conversion with ENABLE [3:0].
Disable all PGAs and the ADC when the system is idle and no conversion is performed.
Use lower bias currents in the PGAs and the ADC using the control words IB_AMP PGA[1:0] and
IB_AMP ADC[1:01]. (This reduces the maximum sampling frequency according to Table 16-26.)

Reduce internal RC oscillator frequency and/or sampling frequency.

Finally, remember that power reduction is typically traded off with reduced linearity, larger noise and slower

maximum sampling speed.

© Semtech 2005
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17. Vmult (Voltage Multiplier)

17.1 Features 17-2
17.2 Overview 17-2
17.3 Control register 17-2
17.4 External component 17-2
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17.1 Features

e Generates a voltage that is higher or equal to the supply voltage.
e Can be easily enabled or disabled

17.2 Overview

The Vmult block generates a voltage (called “Vmult”) that is higher or equal to the supply voltage. This output
voltage is used in the acquisition chain.

The voltage multiplier should be on (bit ENABLE in RegVmultCfg0) when using the acquisition chain or analog
properties of the Port B while VBAT is below 3V. If the multiplier is enabled, the external capacitor on the pin
VMULT is mandatory.

The source clock of Vmult is selected by FIN[1:0] in RegVmultCfgO0. It is strongly recommended to use the same
settings as in the ADC.

17.3 Control register

There is only one register in the Vmult. Table 17-1 describes the bits in the register.

Pos. | RegVmultCfg0 rw | Reset Function
2 Enable rw |0 enable of the vmult
resetsystem | ‘1’ : enabled
‘0" : disabled
1-0 Fin rw |0 system clock division factor
resetsystem | ‘00": 1/2,
‘01’ : 1/4,
10" : 1/186,
‘11':1/64

Table 17-1. RegVmultCfg0

17.4 External component

When the multiplier is enabled, a capacitor has to be connected to the VMULT pin. If the multiplier is disabled, the
pin may remain floating.

Min. Max. Note

Capacitor on VMULT 1.0 3.0 nF

© Semtech 2005 www.semtech.com
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18 Counters/Timers/PWM

18.1 Features 18-2
18.2 Overview 18-2
18.3 Register map 18-2
18.4 Interrupts and events map 18-4
18.5 Block schematic 18-4
18.6 General counter registers operation 18-5
18.7 Clock selection 18-5
18.8 Counter mode selection 18-6
18.9 Counter / Timer mode 18-7
18.10 PWM mode 18-8
18.11  Capture function 18-9
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18.1 Features

4 x 8-bits timer/counter modules or 2 x 16-bits timers/counter modules

Each with 4 possible clock sources

Up/down counter modes

Interrupt and event generation

Capture function (internal or external source)

Rising, falling or both edge of capture signal

PA[3:0] can be used as clock inputs (debounced or direct)

2 x 8 bits PWM or 2 x 16 bits PWM

PWM resolution of 8, 10, 12, 14 or 16 bits

Complex mode combinations are possible between counter, capture and PWM modes

18.2 Overview

CounterA and CounterB are 8-bit counters and can be combined to form a 16-bit counter. CounterC and CounterD
exhibit the same features.

The counters can also be used to generate two PWM outputs on PB[0] and PBJ[1]. In PWM mode one can generate
PWM functions with 8, 10, 12, 14 or 16 bit wide counters.

The counters A and B can be captured by events on an internal or an external signal. The capture can be
performed on both 8-bit counters running individually on two different clock sources or on both counters chained to
form a 16-bit counter. In any case, the same capture signal is used for both counters.

When the counters A and B are not chained, they can be used in several configurations: A and B as counters, A
and B as captured counters, A as PWM and B as counter, A as PWM and B as captured counter.

When the counters C and D are not chained, they can be used either both as counters or counter C as PWM and
counter D as counter.

18.3 Register map

Bit RegCntA rw reset function

7-0 CounterA r XXXXXXXX 8-bits counter value

7-0 CounterA w XXXXXXXX 8-bits comparison value
Table 18-1. RegCntA

bit RegCntB rw reset function

7-0 CounterB r XXXXXXXX 8-bits counter value

7-0 CounterB w XXXXXXXX 8-bits comparison value

Note: When writing to RegCntA or RegCntB, the processor writes the counter comparison values. When reading
these locations, the processor reads back either the actual counter value or the last captured value if the capture

mode is active.

Table 18-2. RegCntB

bit RegCntC rw reset function
7-0 CounterC r XXXXXXXX 8-bits counter value
7-0 CounterC w XXXXXXXX 8-bits comparison value

© Semtech 2005
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bit RegCntD rw reset function
7-0 CounterD r XXXXXXXX 8-bits counter value
7-0 CounterD w XXXXXXXX 8-bits comparison value

Table 18-4. RegCntD

Note: When writing RegCntC or RegCntD, the processor writes the counter comparison values. When reading
these locations, the processor reads back the actual counter value.

bit RegCntCtrICk rw reset function
7-6 CntDCKSel(1:0) rw XX Counter d clock selection
5-4 CntCCkSel(1:0) rw XX Counter c clock selection
3-2 CntBCkSel(1:0) rw XX Counter b clock selection
1-0 CntACkSel(1:0) rw XX Counter a clock selection
Table 18-5. RegCntCtrIiCk
bit RegCntConfigl rw Reset function
7 CntDDownUp rw X Counter d up or down counting (O=down)
6 CntCDownUp rw X Counter ¢ up or down counting (O=down)
5 CntBDownUp rw X Counter b up or down counting (O=down)
4 CntADownUp rw X Counter a up or down counting (0=down)
3 CascadeCD rw X Cascade counter ¢ & d (1=cascade)
2 CascadeAB rw X Cascade counter a & b (1=cascade)
1 CntPWM1 rw 0 resetsystem Activate pwm1 on counter c or c+d (PB(1))
0 CntPWMO rw 0 resetsystem Activate pwmO on counter a or a+b (PB(0))
Table 18-6. RegCntConfigl
bit RegCntConfig2 rw Reset function
7-6 CapsSel(1:0) rw 00 resetsystem Capture source
selection
5-4 CapFunc(1:0) rw 00 resetsystem Capture function
3-2 Pwm1Size(1:0) rw XX Pwml size
selection
1-0 PwmO0Size(1:0) rw XX PwmoO size
selection
Table 18-7. RegCntConfig2
bit RegCntOn rw Reset Function
7-4 -- r 0000 Reserved
3 CntDEnable rw 0 resetsystem Enable counter d
2 CntCEnable rw 0 resetsystem Enable counter c
1 CntBEnable rw 0 resetsystem Enable counter b
0 CntAEnable rw 0 resetsystem Enable counter a

© Semtech 2005
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18.4 Interrupts and events map

Interrupt source Mapping in the Mapping in the event
interrupt manager manager
IrgA ReglrgHigh(4) RegEvn(7)
IrgB ReglrgLow(5) RegEvn(3)
IrgC ReglrgHigh(3) RegEvn(6)
IrgD ReglrgLow(4) RegEvn(2)

Table 18-9. Interrupt and event mapping.

18.5 Block schematic

cklk

ck32k

=

ck128 RegCntA (write)
ckrcext/4
] Counter A —— RegCntA (read)
ckrcext
PA©) X
I_ Capture
RegCntB (write)
. Counter B ] RegCntB (read)
PAL) X
RegCntC (write)
ol 4 RegCntC (read)

| Counter C
ck32k
PAQ) X _‘

RegCntD (write)

Counter D I RegCntD (read)
PAGB) X R PE()
PWM
X PB(1)
Figure 18-1: Counters/timers block schematic
© Semtech 2005 www.semtech.com
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18.6 General counter registers operation
Counters are enabled by CntAEnable, CntBEnable, CntCEnable, and CntDEnable in RegCntOn.

To stop the counter X, CntXEnable must be reset. To start the counter X, CntXEnable must be set. When
counters are cascaded, CntAEnable and CntCEnable also control respectively the counters B and D.

In the control registers, all registers must be written in this order: RegCntCtrICk, RegCntConfigl, RegCntConfig2
and all RegCntX because several bits have no default values at reset.

All counters have a corresponding 8-bit read/write register: RegCntA, RegCntB, RegCntC, and RegCntD. When
read, these registers contain the counter value (or the captured counter value). When written, they modify the
counter comparison values.

For a correct acquisition of the counter value, use one of the three following methods:

1) Stop the concerned counter, perform the read operation and restart the counter. While stopped, the
counter content is frozen and the counter does not take into account the clock edges delivered on the
external pin.

2) For slow operating counters (typically at least 8 times slower than the CPU clock), oversample the counter
content and perform a majority operation on the consecutive read results to select the correct actual
content of the counter.

3) Use the capture mechanism.

When a value is written into the counter register while the counter is in counter mode, both the comparison value is
updated and the counter value is modified. In upcount mode, the register value is reset to zero. In downcount
mode, the comparison value is loaded into the counter. Due to the synchronization mechanism between the
processor clock domain and the external clock source domain, this modification of the counter value can be
postponed until the counter is enabled and it receives it's first valid clock edge.

In the PWM mode, the counter value is not modified by the write operation in the counter register. Changing the
counter mode, does not update the counter value (no load in downcount mode).

18.7 Clock selection

The clock source for each counter can be individually selected by writing the appropriate value in the register
RegCntCtrICK.

Table 18-10 gives the correspondence between the binary codes used for the configuration bits CntACkSel(1:0),
CntBCksSel(1:0), CntCCksSel(1:0) or CntDCkSel(1:0) and the clock source selected respectively for the counters
A, B, CorD.

Clock source for

CiEA sl CounterA CounterB CounterC CounterD
11 Ck128
10 CkRc/4 Ckik
01 CkRc Ck32k
00 PAO) | PA®Q) PAR) | PA@)

Table 18-10: Clock sources for counters A, B, C and D

© Semtech 2005 www.semtech.com
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The CKkRc clock is the RC oscillator. The clocks below 32kHz can be derived from the RC oscillator or the crystal
oscillator (see the documentation of the clock block). A separate external clock source can be delivered on Port A
for each individual counter.

The external clock sources can be debounced or not by setting the Port A configuration registers.

The clock source can be changed only when the counter is stopped.

18.8 Counter mode selection
Each counter can work in one of the following modes:

1) Counter, downcount & upcount
2) Captured counter, downcount & upcount (only counters A&B)
3) PWM, downcount

The counters A and B or C and D can be cascaded or not. In cascaded mode, A and C are the LSB counters while
B and D are the MSB counters.

Table 18-11 shows the different operation modes of the counters A and B as a function of the mode control bits.
For all counter modes, the source of the down or upcount selection is given (either the bit CntADownUp or the bit
CntBDownUp). Also, the mapping of the interrupt sources IrgA and IrgB and the PWM output on PB(0) in these
different modes is shown.

Cascadé,-AB tPWMO Counter A | Counter B IrgA IrqB PB(0)
oun mode mode source | source | function
CapFunc(1:0)
Counter 8b | Counter 8b | Counter | Counter
0 0 00 Downup: A | Downup: B A B PB(0)
Counter 16b AB Counter
1 0 00 Downup: A AB ) PB(0)
0 1 00 PWM 8b | Counter 8b i Counter | oyvm A
Down Down B
1 1 00 PWM 10 - 16b AB i ) PWM AB
Down
1x Captured Captured
0 0 or counter 8b | counter 8b CaE)A'fure Ca%ture PB(0)
x1 Downup: A | Downup: B
1 0 i)r( Captured counter 16b AB | Capture | Capture PB(0)
1 Downup: A AB AB
1x Captured
0 1 or PWM 8b counter 8b Must not | Capture PWM A
Down . be used B
x1 Downup: B

Table 18-11: Operating modes of the counters A and B

Table 18-12 shows the different operation modes of the counters C and D as a function of the mode control bits.
For all counter modes, the source of the down or upcount selection is given (either the bit CntCDownUp or the bit
CntDDownUp). The mapping of the interrupt sources IrgC and IrgD and the PWM output on PB(1) in these
different modes is also shown.

The switching between different modes must be done while the concerned counters are stopped. While switching
capture mode on and off, unwanted interrupts can appear on the interrupt channels concerned by this mode
change.

© Semtech 2005 www.semtech.com
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Counter C | Counter D IrgC IrgD PB(1)
Eascace CIRN|REoHnTEVU T mode mode Source | source | function
0 0 Counter 8b | Counter 8b | Counter | Counter PB(1)
Downup: C Downup: D C D
1 0 Counter 16b CD Counter - PB(1)
Downup: C CD
PWM 8b Counter 8b - Counter | PWMC
0 1
Down Down D
PWM 10 - 16b CD - - PWM CD
1 1
Down

Table 18-12: Operating modes of the counters C and D

18.9 Counter / Timer mode

The counters in counter / timer mode are generally used to generate interrupts after a predefined number of clock
periods applied on the counter clock input.

Each counter can be set individually either in upcount mode by setting CntXDownUp in the register
RegCntConfigl or in downcount mode by resetting this bit. Counters A and B can be cascaded to behave as a 16
bit counter by setting CascadeAB in the RegCntConfigl register. Counters C and D can be cascaded by setting
CascadeCD. When cascaded, the up/down count modes of the counters B and D are defined respectively by the
up/down count modes set for the counters A and C.

When in upcount mode, the counter will start incrementing from zero up to the target value which has been written
in the corresponding RegCntX register(s). When the counter content is equal to the target value, an interrupt is
generated at the next falling edge of counter clock. Then the counter is loaded again with the zero value at the next
rising edge of counter clock (Figure 18-2).

When in downcount mode, the counter will start decrementing from the initial load value which has been written in
the corresponding RegCntX register(s) down to the zero value. Once the counter content is equal to zero, an
interrupt is generated at the next falling edge of counter clock. Then the counter is loaded again with the load value
at the next rising edge of counter clock (Figure 18-2).

Be careful to select the counter mode (no capture, not PWM, specify cascaded or not and up or down counting
mode) before writing any target or load value to the RegCntX register(s). This ensures that the counter will start
from the correct initial value. When counters are cascaded, both counter registers must be written to ensure that
both cascaded counters will start from the correct initial values.

The stopping and consecutive starting of a counter in counter mode without a target or load value write operation in
between can generate an interrupt if this counter has been stopped at the zero value (downcount) or at it's target
value (upcount). This interrupt is additional to the interrupt which has already been generated when the counter
reached the zero or the target value.

© Semtech 2005 www.semtech.com

18-7



Pz
'1 SEMTECH XE8801A — SX8801R

down counting
clock counter X |||||||||||||||||||||||

RegcentX r XX X 33X 2 X 1T XioxX 3X 22X 1xXxioxXx3xXxaxi1ixox
RegCntX w XX X 3

write RegCntX [1

CntXDownUp
IrgX | | |
CntXEnable |

up counting

clock counterx ] L 1M M1 ML rrer
RegCntX r XX X0 X T X 2 X B X 0O X T X 2 X 3 X o X I X 2 X3 X
RegCntX w XX X 3
write RegCntX [1
CntXDownUp __ |
IrgX 1 [ 1
CntXEnable |

Figure 18-2. Up and down count interrupt generation.

18.10 PWM mode
The counters can generate PWM signals (Pulse Width Modulation) on the Port B outputs PB(0) and PB(1).

The PWM mode is selected by setting CntPWM1 and CntPWMO in the RegCntConfigl register. See Table 18-11
and Table 18-12 for an exact description of how the setting of CntPWM1 and CntPWMO affects the operating
mode of the counters A, B, C and D according to the other configuration settings.

When CntPWMO is enabled, the PWMA or PWMAB output value overrides the value set in bit 0 of RegPBOut in
the Port B peripheral. When CntPWML1 is enabled, the PWMC or PWMCD output value overrides the value set in
bit 1 of RegPBOut. The corresponding ports (0 and/or 1) of Port B must be set in digital mode and as output and
either open drain or not and pull up or not through a proper setting of the control registers of the Port B.

Counters in PWM mode always count down, the CntXDownUp bit setting must be reset. No interrupts and events
are generated by the counters which are in PWM mode. Counters do count circularly: they restart at the maximal
value (either OxFF when not cascaded or OXFFFF when cascaded) when respectively an underflow condition
occurs in the counting.

The internal PWM signals are low as long as the counter contents are higher than the PWM code values written in
the RegCntX registers. They are high when the counter contents are smaller or equal to these PWM code values.

The PWM resolution is always 8 bits when the counters used for the PWM signal generation are not cascaded.
PWMO0Size(1:0) and PWM1Size(1:0) in the RegCntConfig2 register are used to set the PWM resolution for the

© Semtech 2005 www.semtech.com
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counters A and B or C and D respectively when they are in cascaded mode. The different possible resolutions in
cascaded mode are shown in Table 18-13. Choosing a 16 bit PWM code higher than the maximum value that can
be represented by the number of bits chosen for the resolution, results in a PWM output which is always tied to 1.

PwmXsize(1:0) Resolution
11 16 bits
10 14 bits
01 12 bits
00 10 bits

Table 18-13: Resolution selection in cascaded PWM mode

Small PWM code I_I
Tismall « Thsmall

Large PWM code _ |
Tilarge | |, Thlarge

A

Tper

A
A 4

Figure 18-3: PWM modulation examples

The period of the PWM signal is given by the formula:

resolution

Tper = ———
fckcnt
The duty cycle ratio DCR of the PWM signal is defined as:
DCR = T—h
Tper
resolution 1
DCR can be selected between 0 % and —————*100 %.

2 resolution

DCR in % in function of the RegCntX content(s) is given by the relation:

100* RegCntX

2 resolution

DCR =

18.11 Capture function

The 16-bit capture register is provided to facilitate frequency measurements. It provides a safe reading mechanism
for the counters A and B when they are running. When the capture function is active, the processor does not read
anymore the counters A and B directly, but instead reads shadow registers located in the capture block. An
interrupt is generated after a capture condition has been met when the shadow register content is updated. The
capture condition is user defined by selecting either internal capture signal sources derived from the prescaler or
from the external PA(2) or PA(3) ports. Both counters use the same capture condition.

© Semtech 2005 www.semtech.com
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When the capture function is active, the A and B counters must be written with the value OxXFF and can either
upcount or downcount. They do count circularly: they restart at zero or at the maximal value (either OXFF when not
cascaded or OxFFFF when cascaded) when respectively an overflow or an underflow condition occurs in the
counting.

CapFunc(1:0) in register ReqCntConfig2 determines if the capture function is enabled or not and selects which
edges of the capture signal source are valid for the capture operation. The source of the capture signal can be
selected by setting CapSel(1:0) in the ReqCntConfig2 register. For all sources, rising, falling or both edge
sensitivity can be selected. Table 18-14 shows the capture condition as a function of the setting of these
configuration bits.

CapsSel(1:0) | Selected capture signal | CapFunc | Selected condition | Capture condition

00 Capture disabled -

11 1K 01 Rising edge 1 K rising edge
10 Falling edge 1 K falling edge
11 Both edges 1 K both edges
00 Capture disabled -

10 32 K 01 Rising edge 32 K rising edge
10 Falling edge 32 K falling edge
11 Both edges 32 K both edges
00 Capture disabled -
01 Rising edge PA3 rising edge

01 PA3 10 | Falling edge PA3 falling edge
11 Both edges PA3 both edges
00 Capture disabled -
01 Rising edge PAZ2 rising edge

00 PA2 10 Falling edge PA2 falling edge
11 Both edges PA2 both edges

Table 18-14: Capture condition selection

CapFunc(1:0) and CapSel(1:0) can be modified only when the counters are stopped otherwise data may be
corrupted during one counter clock cycle.

Due to the synchronization mechanism of the shadow registers and depending on the frequency ratio between the
capture and counter clocks, the interrupts may be generated one or only two counter clock pulses after the
effective capture condition occurred. When the counters A and B are not cascaded and do not operate on the
same clock, the interruptions on IrgA and IrgB which inform that the capture condition was met, may appear at
different moments. In this case, the processor should read the shadow register associated to a counter only if the
interruption related to this counter has been detected.

It must be noted that when counters A and B are cascaded, the capture might happen at different cycles for the A
and B registers. This is due to the asynchronous relationship between counter and capture clock and to the fact
that the capture condition detection is independent for A and B counters.

© Semtech 2005 www.semtech.com
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19 VLD (Voltage Level Detector)

19.1
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VLD operation
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19.1 Features

e Can be switched off, on or simultaneously with CPU activities
e Generates an interrupt if power supply is below a pre-determined level

19.2 Overview

The Voltage Level Detector (VLD) monitors the state of the system battery. It returns a logical high value (an
interrupt) in the status register if the supplied voltage drops below the user defined level (Vsb).

The VLD must be calibrated by setting VIdTune bits during product manufacturing to cancel technology variation.

19.3 Register map

There are two registers in the VLD, namely RegVIdCtrl and RegVIdStat. Table 19-1 shows the mapping of control
bits and functionality of RegVIdCtrl while Table 19-2 describes that for RegVldStat.

pos. | RegVIdCitrl rw reset function

7-4 -- r 0000 reserved

3 VIdRange rw | Oresetsystem | VLD detection voltage range for VIdTune = “011":
0: 1.3V (not used in XE8801A and SX8801R)
1:2.55V

2-0 VIdTune[2:0] [ rw | 000 VLD tuning:

resetsystem 000 : +19 %

111:-18%

Table 19-1: RegVIdCtrl

pos. | RegVidStat | rw | reset function

7-3 -- r 00000 reserved

2 VIdResult r O resetsystem | is 1 when battery voltage is below the detection
voltage

1 VIdValid r 0 resetsystem | Indicates when VIdResult can be read

0 VIdEn rw | Oresetsystem | VLD enable

Table 19-2: RegVIdStat

19.4 Interrupt map

interrupt source mapping in the interrupt manager
IrgVid ReglrgMid(2)

Table 19-3: Interrupt map

19.5 VLD operation

The VLD is controlled by VIdRange, VIdTune and VIdEn. VIdRange selects the voltage range to be detected,
while VIdTune is used to fine-tune this voltage level in 8 steps. VIJEn is used to enable (disable) the VLD with a
1(0) value respectively.

When disabled, the block dissipates no power.
© Semtech 2005 www.semtech.com
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symbol description min | typ | max unit comments
trimming values:
VIdRange VIdTune
not used 0 XXX
2.60 3.20 1 000
1
Vih Threshold voltage 250 3.00 v 001
Note 1 2.38 2.83 1 010
2.24 2.69 1 011
2.10 2.56 1 100
2.00 2.45 1 101
1.95 2.34 1 110
1.90 2.23 1 111
Teom duration of measurement 2.0 25 ms Note 2
Tow Minimuim pulse width 875 | 1350 us Note 2
Variation of threshold o
Ving voltage with temperature +-150 ppm/°C Note 3

Table 19-4: Voltage level detector operation

Note 1: measured at 20°C.
Note 2: this timing is respected when the internal RC or crystal oscillator is enabled
Note 3: between 0°C and 60°C

To start the voltage level detection, the user sets bit VIAEn. The measurement is started.

After 2ms, the bit VIdValid is set to indicate that the measurement results are valid. From that time on, as long as
the VLD is enabled, a maskable interrupt request is sent if the voltage level falls below the threshold. One can also
poll the VLD and monitor the actual measurement result by reading the VIdResult bit of the RegVIdStat. This
result is only valid as long as the VIdValid bit is ‘1’.

An interrupt is generated on each rising edge of VIdResult.

© Semtech 2005 www.semtech.com
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20 Physical Dimensions
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20.1 LQFP type package

The QFP package dimensions are given in Figure 20-1 and Table 20-1. The dimensions conform to JEDEC MS-

026 Rev. C.
AR —

& B

PIN 1

nnaan
LA

G
L ! i )

}_E—-“-— b

Figure 20-1. QFP type package

P

n-

package A B C D E F G

mm mm mm mm mm mm mm

LQFp-44 | 100 [120 [14 J0l0 [037 |08

Table 20-1. QFP package dimensions

20.2 Die XE8801AM

The XE8801AM die is 4100 x 4600 um? large plus 20-30 um due to the saw channel. Zero coordinate is at bottom
left corner of pad ring. Pad opening is 85x85 um?. Pad surface is Xxx.

. pin X pin Y pin X pin Y
pin hame [um] [um] pin name [um] [um]
left pads top pads
PA(4) 52 4075 PA(3) 417 4453
PA(5) 52 3795 PA(2) 682 4453
VBat 52 3515 PA(1) 947 4453
PA(6) 52 3235 PA(0) 1212 4453
PA(7) 52 2955 OscouT 1477 4453
PC(0) 52 2675 VSS 1742 4453
PC(1) 52 2395 OSCIN 2007 4453
PC(2) 52 2115 VMULT 2537 4453
PC(3) 52 1835 RESET 2802 4453
VSS 52 1555 VREG 3067 4453
PC(4) 52 1275 VSS 3332 4453
PC(5) 52 995 VBAT 3597 4453
PC(6) 52 715
PC(7) 52 435
bottom pads right pads
PB(0) | 398 | 47 VSS | 3958 | 3942
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. pin X pin'Y pin X pin Y
pin name [um] [um] pin name [um] [um]
PB(1) 533 47 AC _R(0) 3958 3657
PB(2) 668 47 AC R(1) 3958 3372
PB(3) 798 47 AC_A(0) 3958 3087
PB(4) 933 47 AC A1) 3958 2802
VBAT 1063 47 VSS 3958 2517
PB(5) 1198 47 AC A(2) 3958 2232
PB(6) 1328 47 AC _A(3) 3958 1947
PB(7) 1463 47 AC _A(4) 3958 1662
TEST 1934 47 AC_A(5) 3958 1377
VSS 2394 47 AC_A(6) 3958 1092
AC R(3) 2854 47 VBAT 3958 807
AC R(2) 3314 47 AC_A(7) 3958 522

20.3 Die SX8801R

The SX8801R die is 3441 x 4131 um? large plus 20-30 um due to the saw channel. Zero coordinate is at bottom
left corner of pad ring. Pad opening is 85x85 um?. Pad surface is Xxx.

. pin X pin 'Y pin X pin Y
pin name [um] [um] pin name [um] [um]
left pads top pads
PA(5) 118 3776 PA(4) 285 4013
VBAT 118 3490 PA(3) 470 4013
PA(6) 118 3256 PA(2) 704 4013
PA(7) 118 3033 PA(1) 939 4013
PC(0) 118 2710 PA(0) 1173 4013
PC(1) 118 2438 OSCOUT 1403 4013
PC(2) 118 2166 VSS 1638 4013
PC(3) 118 1894 OSCIN 1923 4013
VSS 118 1659 VMULT 2157 4013
PC(4) 118 1387 RESET 2352 4013
PC(5) 118 1115 VREG 2573 4013
PC(6) 118 843 VSS 2772 4013
PC(7) 118 571 VBAT 3032 4013
PB(0) 118 285
bottom pads right pads
PB(1) 447 118 VSS 3323 3760
PB(2) 724 118 AC_R(0) 3323 3475
PB(3) 1001 118 AC R(1) 3323 3240
PB(4) 1278 118 AC _A(0) 3323 3006
VBAT 1513 118 AC _A(1) 3323 2771
PB(5) 1790 118 VSS 3323 2487
PB(6) 2067 118 AC A(2) 3323 2151
PB(7) 2344 118 AC A®3) 3323 1867
TEST 2735 118 AC A4 3323 1578
VSS 2971 118 AC_A(5) 3323 1344
AC R(3) 3155 118 AC_A(6) 3323 1109
VBAT 3323 874
AC _A(7) 3323 589
AC R(2) 3323 355
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WIRELESS AND SENSING PRODUCTS

Package Outline Drawing: MLPQ44-7x7mm
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NOTES:
1. CONTROLLING DIMENSIONS ARE IN MILLIMETERS (ANGLES IN DEGREES)
2. COPLANARITY APPLIES TO THE EXPOSED PAD AS WELL AS THE TERMINALS.
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