SILICON LABS
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Analog Integration
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Analog-to-Digital Converter

-~
* 12-bit @ 1 MSamples/s: 350 pA

* Up to 8 input channels

* Integrated temperature sensor
» Up to 4096x oversampling in HW
* Internal/external references

* 5 us settling
* Autonomous operation with DMA/PRS

« Separate single and scan mode configs
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Input Options

Can be used in
differential
mode

ADCn_CHO
ADCn_CH1
ADCn_CH?2
ADCn_CH3
ADCn_CH4
ADCn_CH5
ADCn_CH6
ADCn_CH?7

Only available
in Single mode

DA

" Temp —)¥

AN

5V differential ——»
2%(VDD-VSS) ———»!

SAR

Results
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/
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A A A
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Input and ref can be single ended or differential



Single vs Scan

Single conversion
INPUTSEL = CH3

t t '
SINGLESTART SINGLESTART
Scan conversion
INPUTMASK = (CHO | CH1 | CH4)
CHO CH1 CH4 CHO CH1 CH4
>

SCANSTART SCANSTART



Warm Up

NORMAL ADC and references are shut off between samples

KEEPSCANREFWARM Scan reference is kept warm

KEEPADCWARM Both ADC and scan reference is kept warm

Bandgap warm-up is disabled

Only applies to reference
selected for Scan mode

Reduces accuracy



Warm Up

. Bandgap reference warm-up
. ADC warm-up

. ADC conversion
ADC enabled Conversion trigger Conversion trigger

Power
NORMAL

Time




Warmp Up

. Bandgap reference warm-up
. ADC warm-up

. ADC conversion
ADC enabled Conversion trigger Conversion trigger

A

Power
NORMAL
a)
Time
Power A
KEEPSCANREFWARM
b) (w SCANREF = internal bandgap)
Time




Warm Up

. Bandgap reference warm-up
. ADC warm-up
. ADC conversion

ADC enabled Conversion trigger Conversion trigger
Power A
NORMAL
a)
Time
Power A
KEEPSCANREFWARM
b) (w SCANREF = internal bandgap)
Time

Power
KEEPADCWARM

c) (w SCANREF = internal bandgap)
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Warm Up

11

. Bandgap reference warm-up
. ADC warm-up
. ADC conversion

ADC enabled Conversion trigger Conversion trigger
Power A
NORMAL
a)
Time
Power A
KEEPSCANREFWARM
b) (w SCANREF = internal bandgap)
Time
Power A
KEEPADCWARM
c) (w SCANREF = internal bandgap)
FASTBG
Power A (w SCANREF = any)
or
d) NORMAL
(w SCANREF = external or VDD)
p Time




Warm Up
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b)

c)

d)

ADC enabled Conversion trigger

Power

Power

Power

Power

A

. Bandgap reference warm-up
. ADC warm-up
. ADC conversion

Conversion trigger

NORMAL

Time

KEEPSCANREFWARM
(w SCANREF = internal bandgap)

Time

KEEPAD CWARM
(w SCANREF = internal bandgap)

FASTBG

(w SCANREF = any)
or

NORMAL
(w SCANREF = external or VDD)

p Time




Conversion Timing

= Timing: One conversion, 13 cycles

HFPERCLK,oen [T T U L U U i nnnnnnn

Prescaled clock (4x)["| [

ADC action

SINGLEAT/
SCANAT

Bit 11

Bit 10

Bit 9

Bit 8

Bit 7

Bit 6

Bit 5

Bit 4

Bit 3

Bit 2

Bit 1

Bit0 p—
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6- bit value ready 8- bit value ready
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12-bit value ready



Tuning for Speed

= Only way to achieve 12bit, 1MSPS:

Power
KEEPADCWARM

(w SCANREF = internal bandgap)

Power
KEEPADCWARM

(w SCANREF = internal bandgap)
lus, 13 cycles at 13 MHz
13 MHz -> must have HFXO/HFRCO at 13, 26 or 39 MHz

14



Prescalers

1-127 clock-cycles, LG/WG

1-31 clock-cycles, others

Warm-up
>
Sequencer
ADC = > s
AFEES ——— EF-perfIk 1 Prescaler ] A2
1 - 48MHz rescaler
2" n=0-9 2" n=0-7

< 13MHz

il



ADC Input Circuitry — Differential
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ESD circuit : | :
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ADC Input Circuitry — Single Ended

IGVDD % ML‘IH ............. FlLTEH ................... A[iC-EGHE .........

ESD circui

o

E . Hlﬂ_ﬂi:,:'n:l'i':——f”—;—tm E=|I:|F :I
:L T : 10 ke |
Ilﬁﬂi_

E l.lll
VREF INT ___-f’__.{ |
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Hardware Oversampling

18

> Up to 4096x oversampling in
hardware

» Result is accumulated and right-
shifted

» Not neccessarily true 16-bit result!

(T

2X

4x

8x

16x

32x

64x

128x

256X

512x

1024x

2048x

4096x

0

0

0

Right shifts | Result # bits
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16

16

16

16

16

16

16

16
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Calibration

= |nternal references calibrated in production test

= Calibration values stored in DI page

= \/alues for 1.25V BG loaded at reset

= Emlib functions automatically load corresponding

calibration values

19
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00360 void ADC Init5ingle (ADC TypeDef *adc, const ADC InitSingle TypeDef *init)

00361 {

00362 uint3Z t tmp;

00363

00364 EFM ASSERT (ADC REF VALID({adc));

00365

00366 /#* Make sure single conversion i= not in progress */
00367 ade->CMD = ADC CMD SINGLESTOP:

00368

00369 /% Load proper calibration data depending on selected reference */
00370 ADC CalibrateLoadSingle (adc, init->reference);

00371

00372 tmp = ((uint32_t) (init->prsSel) << _ADC SINGLECTRL PRSSEL SHIFT) |
00373 ((uint32 _t) (init-»acgTime) << ADC SINGLECTRL AT SHIFT) |
00374 {(uint32 t) (init->reference) << ADC SINGLECTRL REF SHIFT) |
00375 ((uint32_t) (init->input) << _ADC_ SINGLECTRL_ INPUTSEL_SHIFT) |
00376 ((uint32_t) (init->resolution) << ADC SINGLECTRL RES SHIFT);
00377

00378 if (init->»prsEnable)

00378 |

00380 tmp |= ADC_ SINGLECTRL PRSEN:

00381  }

00382

DI Page

O0xOFE081B4

ADCO_CAL_1V25

[14:8]: Gain for 1V25 reference, [6:0]: Offset for 1V25
reference.

O0xOFE081B6

ADCO_CAL_2V5

[14:8]: Gain for 2V5 reference, [6:0]: Offset for 2V5
reference.

OxOFE081B8

ADCO_CAL_VDD

[14:8]: Gain for VDD reference, [6:0]: Offset for VDD
reference.




Ideal

Max

120

100

Integrated Temperature Sensor

= Calibrated at 25 C
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Temperature Sensor Error

Difference between measured temperature and actual

temperature vs temperature
12

10

Difference [C]
|
/|
| //

Average

-40 -15 5 25 45 65 85
Temperature [C]

25)



Energy Efficient ADC Sampling

(u) Total Consumption vs. Sampling Frequency
u
1000
i 435
i 348
100 +
=f=EM2 optimized loop
i == EM1 fully autonomous with DMA
i = EM2 Interrupt Driven
10
1 T T T T T v T T T ]
10 100 200 500 1000 2000 5000 10000 32000 Fs(Hz)
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Digital-to-Analog Converter

27

~
e 12-bit resolution

« 200 pA @ 500 kSamples/s
« 2 independent channels

* Internal references

» Sine generation mode

* PRS/DMA Trigger

N\
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DAC

Ch 0 >—.—|X| DACn_OUTO

Ch 1 >-.——|X| DACn_OUT1

= Two independent channels,
= |[nternal references

= Qutput to internal peripherals

), ADC and ACMP




Output Modes

Single Ended

Vout = Vbacn_ouTx - Vss= Vrer X CHXDATA/4095

Differential

VouT = Vbacn_out1 - Vbacn_ouTo= Vref X CHODATA/2047

\

Signed integer



DAC built in Sine Wave Generator

DACn_OUTO

= 16 sample sine wave HW look-up table in DAC
= Frequency set by HFPERCLK supplied to DAC

30

ﬁ
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DAC built in Sine Wave Generator

CHO PRS

CH1 PRS

DACn_OUT1

DACn_OUTO

= Signal generation is controlled by PRS
= Qutput can be tri-stated or driven to Vdd/2

= Can be used for simple power line communication

31



DAC Signal with DMA and PRS

TIMER

Overflow

RAM Sample Data

32

Peripheral Reflex

System

. DMA Request
Direct e

Memory
Access

Sample Data

Start conversion

Conversion done

Analog output



DAC Sine Wave Generator with PRS

Fixed Sampling Intervals

CHO PRS —— ]|

|

E./h. |

DACn_OUTO

= DMA fetches samples from RAM, can produce any waveform, even music.

= Sample-frequency timed by PRS from TIMER

33

\J

Sne Samples

Double Number of
Samples

I



DAC Details

= What is continuous, sample-hold and sample-off modes?

34



DAC Details

= What is continuous, sample-hold and sample-off modes?

..0101110... |-

DAC- Driver
COre | | Holding element \/ R load

DAC-module —

Enable Enable
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DAC Details

= What is continuous, sample-hold and sample-off modes?

..0101110... |-

DAC- Driver
COre | | Holding element \/ R load

DAC-module —

Continuous Mode
Enable Enable
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DAC Details

= What is continuous, sample-hold and sample-off modes?

..0101110... .
>l bAC- I@
__Holding element \/

core

R load

DAC-module —

Continuous Mode
Enable Enable

Sample-Hold Mode
|1 | L _J L

}

Sample-Off Mode
] I

I 1 L1 L
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DAC Details

= What is continuous, sample-hold and sample-off modes?

Continuous Mode

38

..0101110...

)

DAC-
core

R

Driver
Holding element \/

DAC-module

-

I R load




DAC Details

= What is continuous, sample-hold and sample-off modes?

..0101110... |-

DAC-
core

DAC-module

-

Holding element i

Continuous Mode

I R load

)

Sample-Hold Mode

T P

Sample-Off Mode
] I

I 1 L1 L ‘Iﬁ
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DAC Details

= What is continuous, sample-hold and sample-off modes?

Frequency set by:
CMU-Peripheral-Clock . 0101110... |-
DAC-Prescaler

RefreshCycle Register

DAC-
core

!

R

»

I@
Holding element \/

DAC-module

Continuous Mode

I R load

)

Sample-Hold Mode

T - PSS

Sample-Off Mode
] I

I 1 L1 L ‘Iﬁ

40




Current DAC

a4

IDAC Highlights
« Zero Gecko only

«Configurable 0.05-64 YA output
* 4x32 steps

* Only 10 nA current overhead

 PRS triggered operation

* Biasing of external components

* E.g. amplifiers

..1100101...

—_—p] e

OF




IDAC Ranges

= 4 Ranges

= 32 Steps in each range

Table 23.1. Range Selection

Range Select Range Value [pA] Step Size [nA] Step Counts
0 0.05-1.6 50 32
1 1.6-4.7 100 32
2 0.5-16 500 32
3 2-64 2000 32
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Calibration

= Middle of each range is calibrated in

production test

= Calibration values stored in DI page

= Tuning values automatically loaded by emlib

46

00175 woid IDRC RangeSet (IDRC TypeDef #*idac, const II
00176 {

00177 uint3Z t tmg;

00178

00178 EFM ASSERT(IDAC REF VALID({idac)}:

00180 EFM ASSERT( (range »»> IDAC CURPROG RANGESEL &
00181 B - B B B
00182 f/* Load proper calibraticn data depending on
00183 switch {((IDAC Range TypeDef)} range)

ooles | B B

00185 case idacCurrentRangel:

00186 idac->»CRL = (DEVINFO->IDRCOCRLD & DEVINFO
00187 break:

001EBE case idacCurrentRangel:

00185 idac->»CRL = (DEVINFO->IDRCOCRLD & DEVINFO
00190 break:

00151 case ldacCurrentRange?:

00192 idac->»CRL = (DEVINFO->IDRCOCRLD & DEVINFO
00193 break:

00154 case idacCurrentRange3:

00195 idac->»CRL = (DEVINFO->IDRCOCRLD & DEVINFO
001986 break:

00197 }

00198

OxOFEO081C8 IDACO_CAL_RANGEO [7:0]: Current range 0 tuning.
Ox0FE081C9 IDACO_CAL_RANGE1 [7:0]: Current range 1 tuning.
OxOFEO81CA IDACO_CAL RANGE2 [7:0]: Current range 2 tuning.
Ox0FEO081CB IDACO_CAL _RANGE3 [7:0]: Current range 3 tuning.




Duty Cycle

= |DAC can be duty-cycled at 4 Hz
= Sources current at low overhead
= Default enabled in EM2/EM3

= Default disabled in EMO/EM1

= Cannot sink in duty-cycle mode

Bit Name Reset Access Description
31:2 Reserved To ensure compatibility with future devices, always write bits to 0. M
1 EM2DUTYCYCLEDIS 0 Rw EM2/EM3 Duty Cycle Disable.

Set to disable duty cycling in EM2 and EM3.

0 DUTYCYCLEEN 0 RW Duty Cycle Enable.
Set to always enable duty cycling. Will override EM2DUTYCYCLEDIS.
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ACMP Overview

49

ACMPn_CHO
ACMPn_CH!1
ACMPn_CHZ
ACMPn_CH3
ACMPn_CH4
ACMPn_CH5
ACMPn_CHEG
ACMPn_CHT

DACO_CHO
DACO_CH1

Warm-up | : I
counter ACMPACT |

P Warmup interrupt

POSSH. |
&3
=
000
e A
N
= 111
B
0, / +
BIASPROG
HALFBIAS
uu_n[_ FULLBIAS
101 AYSTSEL

- Edge interrupt
EI' H ACMPOUT |
p Output to PRS

NEGSEL | [ VDDLEVEL |

Voo _scalD

D—} Output to GPIO

-

GPIOINY
|:| Read/ Write registers
|:| Read only registers
[IPREF |
Voo
25V

1.25V




ACMP Input Selection

= Positive Channel

ACMPn_CHO [ .
® |nput pins 0-7 ACMPn_CH1 [
ACMPn_CH2 [ 000
ACMPn_CH3 [ TS
ACMPn_CH4 [X] im > X
ACMPn_CH5 B 111 counter
ACMPn_CHE [<
ACMPn_CHT [ / +
BIASPROG
Negative Channel oo :jtfﬂall:‘g
® |nput pins 0-7 H_m LB —
= 1.25V BG DACO_CHO
DACD _CH1
= 2.5V BG _
= Scaled VDD

DAC channels

NEGE”T ?

W
DD [ ] Voo

25V

1.25V

VDD_SCALED = VDDX VDDLEVEL/G63

50



Hysteresis

||"Ipc|5

o

- - -

INnes+20mVY
INNEs

ACMPOUT without hysteresis

ACMPOUT with hysteresis

it



Hysteresis

1nﬂ T T T T 1 r
BIASPROG=0.0 :
— BIASPROG=4.0
BIASPROG=8.0
80 BIASPROG=12.0 o
P IS SOOOOOON: SOUUNORUE SO :
E i
n 5
] :
E :
[ :
W :
T i T R iR U R, A e aana .
T 5
o i ; ;' | . |

0 1 2 3 4 5 6 7
ACMP_CTRL_HYSTSEL

Hysteresis
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Response Time

53

T T
: : : : HYSTSEL=0.0
a0l S R S e, — HYSTSE=2.0 ||
: : : i HYSTSE =4.0
ssl L= wvstsa=60
BN 1Y L O U SO OO U SURUNUN SUNUSVSPURUL SURURUNUNPR PSP
£
i)
E2.5F
'—
8
€ 2.0}
g
T -1 T N N SO SO PSPPSR USUSPRR SRR SOPSRSNURROE- SRR
1_n_..
0.5k
0.0 ] 1 1 | 1
0 2 4 6 8 10 12 14

ACMP_CTRL_BIASPROG

Response time

FULLBIAS =0, HALFBIAS = 1



Capacitive Sense Mode

Buttons




Capacitive Sense Mode

&5

Virtual ground

Ground

. Voltage




ACMP IRQ

= Both ACMPs share one IRQ, called ACMPO_IRQ

Enumerations

enum IRQn {
NonMaskableInt_IRQn = -14,
HardFault_IRQn = -13,
MemoryManagement_IRQn = -12,
BusFault_IRQn = -11,
UsageFault_IRQn = -10,
sSVCall_IRQn = -5,
DebugMonitor_IRQn = -4,
PendSV_IRQn = —2
SysTick_IRQn =
DMA_IRQn = 0,
GPIO_EVEN_IRQnNn = 1,
TIMERO_IRQn = 2,
USARTO RX_IRQn

56



ACMP Bias

57

LETIMER

BIAS register

------------------------------------------

Oscilloscope




Operational Amplifiers

58

* 3 rail-to-rail OPAMPs integrated

» Configurable connections to ADC,
DAC and pins

* Various configuration modes

* Programmable gain
* Inverting / non-inverting

» Cascading

DAC —g”

o & 1 voo
=
D T e
T

e ADC
GND

Next
Z - OPAMP
GND

ADC

—»...0101110...

...0101110...

...0100010...

DAC

VA o

—+

OPAMP

—»




Operational Amplifiers in DAC

DACnN

| OPAO/

' DACh_CHO Coaégptgf';'fa . > DACn_CHO |
| 9 Output Buffer ||
| OPA1/

' DACn_CH1 CO%grntE(r:zga . > DACn_CH1
| J Output Buffer |




Non-Inverting Amplifier

V||\|4V+

> Vour

Vour= Vin(1+ R/ Ry)




Non-Inverting Amplifier

» Preset common configurations in emlib

/*Turn on the DAC clock*/
CMU ClockEnable (cmuClock DACO, true);

/*Define the configuration for OPA2*/
OPAMP Init TypeDef configuration = OPA INIT NON INVERTING OPA2;

/*Enable OPA2*/
OPAMP Enable (DACO, OPA2, é&configuration);

» Only some options available in emlib

» To fully utilize the opamps, one must go touch the registers directly

61



OPAMP Connections
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network

NEXTOUT1

VSS

POSSEL[2:0]
POSPAD
|
NEXTOUT1 > — +
OPAOTAP —p»
OPA2 Main output
—— -
W
|
NEGPAD
>J
NEGSHE[1:0]
Unity gain
OPA2TAP
—\W\—e M
R1 R2

RESINMUX[3:0]




OPAMP Connections
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NEG2

NPEN
X

network

NEXTOUT1

VSS

POSSEL[2:0]
POSPAD
NEXTOUT1 > — +
OPAOTAP —p»
OPA2 Main output
—— -
NEGPAD
>J
NEGSHE[1:0]
Unity gain
OPA2TAP
—\W\—e M
R1 R2

RESINMUX[3:0]



OPAMP Connections
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Y=

NEGO NPEN

NEGH NPEN

RESINMUX[3:0]

POSSH [2:0]
POSPAD -
NEXTOUTD —im -+
OPADTAP —
OPAD
N ’_> -
+
-
NEGPAD o
>
V
NEGSEL[1:0]
Unity gain
OPAOTAP
AAAA AMAA
LAALAL VY
1
NEXTOUTO
L
»
VES —|
RESINMUX[3:0]
POSSH [2:0]
POSPAD -
Ll
NEXTOUTD —m= i+
OPA1TAP —
Ve OPA1
— ] -
-
NEGPAD
>
NEGSEL[1:0]
Unity gain
OPA1TAP
W —e—— W
R1 R2
NEXTOUTD
-
>
VSS —

—» Main output

—g—P» Alternative output network

o NEXTOUTO

—= Main output

o= NEXTOUT1

X

NEG2 NPEN

X

p—= Alternative output network

p—P= Main output

POSSEL[2:0]
POSPAD -
L
NEXTOUT1 —— | !+
OPADTAP —
OPA2
4|—’ -
__’.
NEGPAD >
NEGSEL[1:0]
Unity gain
OPA2TAP
A —e——\\Wy
R1 R2
NEXTOUT1
-
-
VS5 —|
RESINMUX[3:0]




OPAMP Connections
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Y=

NEGO NPEN

NEGH NPEN

—= Main output

p—= NEXTOUT1

RESINMUX[3:0]

POSSH [2:0]
POSPAD -
NEXTOUTD —im
OPADTAP —
N ’_>
+
-
NEGPAD o
>
V
NEGSEL[1:0]
Unity gain
OPAOTAP
AAAA AMAA
LAALAL VY
1
NEXTOUTO
L
»
VES —|
RESINMUX[3:0]
POSSH [2:0]
POSPAD -
Ll
NEXTOUTD —m= i+
OPA1TAP —
Ve OPA1
— ] -
-
NEGPAD
>
NEGSEL[1:0]
Unity gain
OPA1TAP
W —e—— W
R1 R2
NEXTOUTD
-
>
VSS —

POSPAD

POSSEL[2:0]

NEG2 NPEN

NEXTOUT1 —— |
OPADTAP ——|

-
'

p—= Alternative output network

OPA2

p—P= Main output

4|—’ -
__’.
NEGPAD >
NEGSEL[1:0]
Unity gain
OPA2TAP
A —e——\\Wy
R1 R2
NEXTOUT1
-
-
VS5 —|
RESINMUX[3:0]




OPAMP Connections
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Y=

NEGO NPEN

NEXTOUTO —

—-
L
NEGPAD
-
OPADTAP
AL
VWV
R1

NEXTOUTO

RESINMUX[3:0]

—= Main output
p—= Alternative output network

POS1
’V
N
+
OPA1
— ] N
NEGH >
R NESPAD
— L
4
NEGSEL[1:0]
Unity gain
OPAITAP
AAMA, AMAA,
LAARAL LALAR]
R2

q NEXTOUTD

VSS
RESINMUX[3:0]

NEG2

NPEN

p—P= Main output

POSSEL[2:0]
POSPAD .y
L
NEXTOUT1 —— | !+
OPADTAP —
OPA2
j -
__’.
NEGPAD -
Ll
NEGSEL[1:0]
Unity gain
OPA2TAP
\‘AI‘AIAI I'NF“\‘“\‘“\'
R1
NEXTOUT1
-
-
VS5 —|
RESINMUX[3:0]




OPAMP Connections
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Y=

NEGO NPEN

-

—» Main output
p— Alternative output network

NEGH NPEN

POSSH [2:0]
POSPAD -
NEXTOUTD —im -+
OPADTAP —
OPAD
N ’_> -
+
-
NEGPAD o
>
V
NEGSEL[1:0]
Unity gain
OPAOTAP
AAAA AMAA
LAALAL VY
1
NEXTOUTO
L
»
VES —|
RESINMUX[3:0]
POSSH [2:0]
POSPAD -
Ll
NEXTOUTD —m= i+
OPA1TAP —
Ve OPA1
_-.. I
-
NEGPAD
>
NEGSEL[1:0]
Unity gain
OPA1TAP
W —e—— W
R1 R2
NEXTOUTD
-
>
VSS —

RESINMUX[3:0]

o NEXTOUTO

Malooutoyt

Alternative outP

POSPAD

POSSEL[2:0]

NEG2 NPEN

NEXTOUT1 —— |
OPADTAP ——|

-
'

network

OPA2

p—P= Main output

4|—’ -
__’.
NEGPAD >
NEGSEL[1:0]
Unity gain
OPA2TAP
A —e——\\Wy
R1 R2
NEXTOUT1
-
-
VS5 —|
RESINMUX[3:0]




OPAMP Connections
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Y=

NEGO NPEN

—» Main output
p— Alternative output network

p—= NEXTOUTO

NEGH NPEN

POSSH [2:0]
POSPAD -
NEXTOUTD —im -+
OPADTAP —
OPAD
N ’_> -
+
-
NEGPAD o
>
V
NEGSEL[1:0]
Unity gain
OPAOTAP
AAAA AMAA
LAALAL VY
1
NEXTOUTO
L
»
VES —|
RESINMUX[3:0]
POSSH [2:0]
POSPAD -
Ll
NEXTOUTD —m= i+
OPA1TAP —
_-.. I
-
NEGPAD
>
NEGSEL[1:0]
Unity gain
OPA1TAP
W —e—— W
R1 R2
NEXTOUTD
-
>
VSS —

RESINMUX[3:0]

NEG2 NPEN

network

POSSEL[2:0]

p—P= Main output

NEXTOUT1 —F’,—P— +
OPA2
4|—’ -
T
NEGPAD -
Ll
NEGSEL[1:0]
Unity gain
OPA2TAP
A —e——\\Wy
R1 R2
7
< NEXTOUT1 N
N —
-
VSS —
RESINMUX[3:0]




Resistor Ladder
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From OPAMP output

31.6 kO

30:28

31.6 kO

15.8 k)

7.9 ki)

7.9 ki)

7.9 ki)

7.9 ki)

7.9 ki

AT A A

,,lLu

7.9 ki)

to RESINMUX

RESSEL 0x0 RW OPAO Resistor Ladder Select

Configures the resistor ladder tap for OPAD.

Value Mode Resistor Value Inverting Mode Gain (-R2/R1) | Non-inverting Mede Gain (1+(R2/
R1)

0 RESO R2=1/3xR1 -1/3 11/3

1 RES1 R2=R1 -1 2

2 RES2 R2=12/3xR1 -12/3 2213

3 RES3 R2=2xR1 -21/5 31/5

4 RES4 R2=3xR1 -3 4

5 RESS R2=41/3xR1 -4 1/3 5113

6 RES6 R2=7xR1 -7 8

7 RESY R2=15xR1 -15 16

RESSEL

to OPAMP negative input




Output to ADC

70

ALT/ALL

OPAQO Main output

MAIN/ ALL

v

7

OPAOQ Alternative
output network

Y Y Y oYy

ADC CHO
input mux

y

OouTOo

I S 2
OuUT1

X
ouT2

— X
OuT3

— X
ouT4

Iz T>|X|

NEXTOUT

I -

.



OPAMP Connections

= Qutput to ADC, what if there is no pin on that package?

= Still OK to use that pad for internal routing
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2/vDD

4/ pPc1

5/ PET

6/ PER

R

OBE_S1

F;I
=
a
z
o
.
]

0 f W55

17/ PC14

16/ DEC

15/ VDD

i GG

Output Main to pin

Enable nextout

Default -

IDL

Resistor ladder gain

Disabled -

Resistor ladder input

Disable low pass filter on positive pad

Disable low pass filter on negative pad

O O O

Disable rail-to-rail input

IO Pin Mame Pin # Enable
ouTo pB11 8 [

2] Mot available

MO Mot available

OUTOALT_0 PCO 3 O
OUTOALT_1 PC1 1 [0
QUTOALT _2 Mot available
0 ilable
QUTOALT 4 Mot available




OPAMP + LESENSE

= OPAMP + LESENSE

POss8. OUTMODE individually for the DAC
ACMM_CHg Channels. T overridden by LESENSE
4
-
5 LESENSE
)
B
ACMP sample reg
- u —
DACOD_CHOD PRSIin p ut
DACO_CH1 —p{ Counter |
125V »
25V ACMPTINV
DACO CH1 i Decoder —H#FRS
- Vo VDDLEJ/EL
‘ _ ‘ Compare l—} L/
ACMPO_CHn ACMPO POSSHL
% Ve
5 DAC
[ interface Sequendr RAM
B \
126 \
| I ry
Ves _/_ \
DACD_CHD = ) 4
DACO_CH1 DACO
W \ ) 125V OUTMODE*
25Y AUNHFRCO
Voo P VDDLEVEL
DACO_CHO CHO  CH1

DACO_CHOD [«

DACO_CH1 K=
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OPAMP Details

" OPAMP + LESENSE LESENSE can dutycycle

K___- [rosa | .
ACMP1 ToEeEL * LESENSE controls OONVMODE and Register bitfields
CHé _ OUTMDDE\rldh\;'\‘ﬂ“u;\EWVm the DAC S 5 = a n e Way I

&

X

P

g I

=

b

ﬂ} o dutycycles the DAC
‘ st —— I e e |
i DAC

Sec

: . interface
| lz:sz?:’fl) e

£ o
{

El

i

B PR BB

DACO CONVMODE*
OPAMP

OUTMODFE*

CHxDATA

CHxCTRL_EN

CHO CH1
| |
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