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CIRRUS LOGIC

CS82L41

Imaging AFE with CMOS Data Output

Features

» Analog front end (AFE) for imaging applications
» Correlated double sampling

Tolerant of spread-spectrum clock reference

RGB LED current drive and timing control

Internally generated reference voltages
» 3.3 V power regulation for CIS sensor
» SPI control interface

» 28-pin QFN package

Specifications

» 16-bit data output
24 MSPS conversion rate

* 12-bit programmable gain

* 9-bit programmable offset adjust

» 5-bit programmable clamp voltage
+ 8-bit LED drive resolution
Applications

» Flatbed and sheet-feed scanners
» USB-compatible scanners
* Multifunction peripherals
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General Description

The CS82L41 is a front-end device for CCD and CIS sensors. The CS82L41 processes and digitizes the analog sensor
signal at pixel conversion rates of up to 24 MSPS.

The signal processing includes reset level clamping (RLC), correlated double sampling (CDS), and programmable polarity,
gain and offset adjustment. Voltage references may be generated by an internal DAC or else provided externally.

The output data is available in a variety of CMOS digital formats.

The CS82L41 incorporates an RGB LED driver with programmable current sinks and timing control. White LEDs are also
supported.

The 3.3 V supply may be provided directly, or else generated using an on-chip LDO. An additional LDO provides a 3.4 V
supply for an external sensor.

The CS82L41 is available in a commercial-grade 0.4 mm pitch, 28-pin QFN package for operation from —40 °C to +85 °C.

See Section 11 for ordering information.

DS1349F1 2
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1 Pin Assignments and Descriptions

1 Pin Assignments and Descriptions

1.1 QFN 28-Pin (Top View, Through-Package)
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Figure 1-1. QFN 28-pin diagram (Top View, Through Package)

1.2 QFN Pin Descriptions

Table 1-1. QFN Pin Descriptions

. . Power e State at
Pin Name Pin # Supply 110 Description Reset
Digital /0
DOUT1 5 VDD_IO O CMOS data output 1 Disabled o/p,
pull-down
DOUT2 4 VDD_IO O CMOS data output 2 Disabled o/p,
pull-down
DOUT3 3 VDD_IO O CMOS data output 3 Disabled o/p,
pull-down
DOUT4/SPI_SDO 2 VDD_IO O CMOS data output 4/SPI data output Disabled o/p,
pull-down
LEDR_EN/TGSYNC/GPIO1 22 VDD_IO I/O Red LED enable/ TGSYNC input,
Timing generator control input/ pull-down
General-Purpose Input/Output 1
DS1349F1 4
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1.3 Termination of Unused Pins

Table 1-1. QFN Pin Descriptions (Cont.)

Pin Name Pin # g:;:)el; 110 Description Séaet:e?t
LEDG_EN/LEDSTART/ 23 VDD_IO /O  Green LED enable/ LEDSTART input,
GPIO2 LED timing control input/ pull-down

General-Purpose Input/Output 2
LEDB_EN/RSMP_EXT1/ 24 VDD_IO /0  Blue LED enable/ RSMP_EXT input,
GPIO3 Reset sample control input/ pull-down
General-Purpose Input/Output 3/
Clock monitor
MCLK_EXT 1 VDD_IO I Reference clock input Input, pull-down
RSMP_EXT2/GPIO4 21 VDD_IO /0 Reset sample control input/ Input, pull-down
General-Purpose Input/Output 4
SPI_SDI 25 VDD_IO | SPIdata input Input, pull-down
SPI_SCK 26 VDD_IO | SPI clock input Input, pull-down
ST_CS 27 VDD_IO | SPI peripheral select input Input, pull-down
VSMP_EXT 28 VDD_IO I Video sample control input Input, pull-down
Analog I/O
ILED_B 17 — | Blue LED current sink —
ILED_G 18 — I Green LED current sink —
ILED_R 19 — | Red LED current sink —
ILED_CTRL 20 VDD_A O  External resistor for LED current control —
IN1 15 VDD_A | Analog input for ADC channel 1 —
LDO_EN 13 — | LDO regulator enable (LDO4, LDO5) —
VBIAS 16 VDD_A 1/0  Reference voltage for AFE inputs —
VLDO1_FILT 9 VDD_A O LDO1 output —
VLDO2_FILT 8 VDD_IO O LDO2 output —
VLDO5 12 VDD_LDO O LDOS5 output —
VREF_FILT 10 VDD_A O Voltage reference for internal circuits —
Power Supplies
GND 7, PAD — — Ground —
VDD_A 11 — —  Supply for LDO1 and analog circuits —
VDD_IO 6 — —  Supply for LDO2 and digital I/O —
VDD_LDO 14 — —  Supply for LDO4 and LDO5 —

» See Table 3-1 for recommended operating limits for all pins

1.3 Termination of Unused Pins

Table 1-2 shows the required termination for unused pins (i.e., if the functionality of the pin is not being used). Pins not
listed must be connected as shown in the typical connection drawings (see Section 2).

Table 1-2. Termination of Unused Pins

Name Termination if unused
DOUTXx Float
LEDR_EN/TGSYNC/GPIO1
LEDG_EN/LEDSTART/GPIO2
LEDB_EN/RSMP_EXT1/GPIO3
RSMP_EXT2/GPIO4
VSMP_EXT
ILED_x Connect to GND
ILED_CTRL

DS1349F1 5
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1.4 Electrostatic Discharge (ESD) Protection Circuitry

1.4 Electrostatic Discharge (ESD) Protection Circuitry
A ESD-sensitive device. The CS82L41 is manufactured on a CMOS process. Therefore, it is generically

TN susceptible to damage from excessive static voltages. Proper ESD precautions must be taken while handling
and storing this device. This device is qualified to current JEDEC ESD protection standards.

2 Typical Connection Diagram

(Note 2)
T 4.7
(Note 1) l_ LDO_EN I
0.1 uF
50Vo0 VDD_LDO VLDO1_FILT I |
T T !
2.2 yF
22yF | 0.1 yF 1 -
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e
3.3V _L VDD_IO T 2.2 yF
p— Al
22uF | 0.1 F | 01 HF
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N
A%
R A A g
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e
T pouT2 Data output interface
22uF | 0.1 pF DU ————»
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ILED_CTRL
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Note: Unselected signals as part of
multifunction pins are shown in

Figure 2-1. Typical Connections—Using LDO4/LDO5 Regulators
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2 Typical Connection Diagram

(Note 1) (Note 2)
[ 47 HF
33Vo VDD_LDO I
(Note 4) 0.1pF
_L VDD_A VLDO1_FILT i i
- 22 4F
22F | 0.1 yF } }
< [ O-1HF
VLDO2_FILT i
CS82L41
33Vo _L _L VDD_IO I 2.2 yF
I
0.1 uF
22F | 0.1pF VREF_FILT {1 v
VLDO5 GND
g LDO_EN GND (Paddle)
<~

DOUT ——

poun2——m

Data output interface
DOUT3 —»

0.1 uF
Analog Input 1 —| IN1 —»
(Note 5)
Timing control to sensor
Bias to sensor
(02v-25V) VBIAS T T T
1.0 pF | 0.1 F DOUTA4/SPI_SDO >
SPI_SDI =
SPI_SCK |
SPI_CS |=
59V
’:If - Controller device
ILED_R
P - -
D PP ILED_G -
N VSMP_EXT
T ILED_B -
10 kQ MCLK_EXT |
ILED_CTRL
(Note 6)

GPIO4 «— General-purpose input/output

Note: Unselected signals as part of
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Figure 2-2. Typical Connections—LDO4/LDO5 Regulators Not Used
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2 Typical Connection Diagram

Notes referenced in the typical connection diagrams:
Power supply decoupling should be placed as close as possible to the CS82L41.
All capacitors are X7R, 20 % tolerance.

In the configuration shown, VDD _A is derived from the VDD _LDO supply, using the internal regulator.

In the configuration shown, the LDO4 and LDO5 internal regulators are not used. The VDD_LDO connection must
be tied to VDD_A in this case.

5. Input capacitor is not required for DC-coupled analog input.

oD~

. The LED current-control resistor must be within 1 % of the specified value.

DS1349F1
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3 Characteristics and Specifications

3 Characteristics and Specifications
Note: The default register field configurations are used unless specified otherwise in the test conditions.

Table 3-1. Recommended Operating Conditions
Test conditions: Ground = 0 V; voltages are with respect to ground.

Parameter Symbol Minimum Typical Maximum | Unit
DC power supply |Digital input/output supply VDD_IO 3.04 3.3 3.63 \%
Analog supply 1.2 VDD_A 3.04 3.3 3.63 \Y
LDO regulators supply 3 LDO4 and LDO5 disabled| VDD_LDO VDD_A 3.3 5.5 Vv
LDO4 or LDOS5 enabled 4.7 5.0 55 \Y

Supply ramp up/down (all supplies) tPWR-UD 0.001 — 0.1 V/us
LED operating voltage ILED_R, ILED_G, ILED_B VILED 0.25 — 5.5 Vv
Ambient temperature Functional Ta -40 25 85 °C
Parametric performance 0 25 85 °C

Note: Functionality or parametric performance is not guaranteed or implied outside the limits in this table. Operation outside these limits may
adversely affect device reliability.

1.The VDD_A supply can be generated by internal LDO4 (powered from VDD_LDO), or else provided externally.

2.The VDD_A supply is not required in the Idle and Sleep states (see Section 4.2); VDD_A can be disabled in these states to reduce power consumption.
Note the sensor must also be powered down if VDD_A is disabled, to ensure the IN1 input voltage does not exceed VDD_A.

3.The VDD_LDO voltage must always be greater than or equal to VDD_A. If the LDO regulators are not used, VDD_LDO should be tied to VDD_A.

Table 3-2. Absolute Maximum Ratings

Test conditions: Ground = 0 V; voltages are with respect to ground.

Parameter Symbol Minimum Maximum Unit
Analog and digital supplies VDD_A, VDD_IO -0.3 4.36 \Y,
LDO regulators supply VDD_LDO VDD_A-0.311] 6.6 \Y,
External voltage at digital inputs/outputs VINDI -0.3 VDD_IO +0.3 \Y,
External voltage at analog inputs IN1, VBIAS VINAI -0.3 VDD_A+0.3 \%
LDO_EN -0.3 55 \Y
ILED_R, ILED_G, ILED_B -0.3 6.6 \Y

Input current digital input lin — 10 mA
Ambient operating temperature Ta -40 +85 °C
Junction operating temperature Ty -40 +125 °C
Storage temperature Tste -65 +150 °C

Caution: Stresses beyond “Absolute Maximum Ratings” levels may cause permanent damage to the device. These levels are stress ratings
only, and functional operation of the device at these or any other conditions beyond those indicated in Table 3-1 is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect device reliability.

1.1f VDD_A < 0V, the minimum VDD_LDO rating is 0.3 V.

DS1349F1 9
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3 Characteristics and Specifications

Table 3-3. Analog Input Path
Test conditions (unless specified otherwise in this table): VDD_A = VDD_IO = VDD_LDO = 3.3 V; Ground = 0 V; voltages are with respect to ground;
Ta = +25° C for typical specifications, Ta = 0 °C to 85 °C for min/max specifications.

Parameter Minimum Typical Maximum Unit
ADC sample rate 1 — 24 MHz
Maximum ADC output word length — 16 — Bits
Full-scale input voltage Minimum gain — 24 — Vpk-pk
Maximum gain — 0.25 — Vpk-pk
Input capacitance IN1 to ground — 4 8 pF
Full-scale transition error 0 dB gain — 55 — mV
Zero-scale transition error 0 dB gain — 33 — mV
Differential nonlinearity 10 bit| -0.999 +0.5 +1.5 LSB
Integral nonlinearity 10 bit — +1 +4 LSB
Output noise 10 bit, 0 dB gain — 0.5 1.5 LSBruMs
PGA gain minimum — 1.0 — VIV
maximum — 9.75 — VIV
step size (gain = 1-5 V/V) — 0.125 — \%
step size (gain = 5-9.75 V/V) — 0.25 — \%
Digital gain minimum — 0.5 — VIV
maximum — 1.99 — VIV
resolution — 12 — bits
VBIAS input voltage 0.11 — 2.95 \%
VBIAS short-circuit current short to VDD_A — 42 — mA
short to GND — 2 — mA
VBIAS clamp-on resistance — 50 — Q
VBIAS output resistance VBIAS_ISEL =10 — 2 — Q
VBIAS leakage current 0<VBIAS<VDD_A — — 1 MA
RLC output voltage minimum — 0.17 — Vv
maximum — 2.65 — \%
step size — 0.08 — \%
RLC differential nonlinearity — +0.5 — LSB
RLC integral nonlinearity — +0.5 — LSB
Offset voltage minimum -400 -343 -250 mV
maximum 250 343 400 mV
step size — 1.34 — mV
Offset voltage settling time 1 — 2 — samples
Offset differential nonlinearity — +0.5 +1 LSB
Offset integral nonlinearity — +0.5 1 LSB
Offset temperature drift Tpo=0°Cto85°C -2.5 — 2.5 %

1.Measured when changing from the maximum output code to the minimum output code; settling time is defined from the end of the register write to the

offset voltage being within 1.3 mV of the final level.

DS1349F1
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Table 3-4. LED Driver

CS82L41

3 Characteristics and Specifications

Test conditions (unless specified otherwise in this table): VDD_A = VDD_IO = VDD_LDO = 3.3 V; Ground = 0 V; voltages are with respect to ground;
LED control resistor (ILED_CTRL to GND) = 10 kQ; Ta = +25° C for typical specifications, Ta = 0 °C to 85 °C for min/max specifications.

Parameter Minimum Typical Maximum Unit
Coarse current control 1 LEDx_COARSE = 00 28 33 38 mA
LEDx_COARSE = 01 36 41 46 mA
LEDx_COARSE = 10 44 49 54 mA
LEDx_COARSE = 11 59 66 73 mA
Fine current control minimum — 0 — mA
maximum — Note 2 — mA
resolution — 8 — bits
Fine current control DNL -1 — 1 LSB
Fine current control INL -1 — 1 LSB
Current control error LEDx_COARSE = 00, LEDx_FINE > 0x26 — — 18 %
LEDx_COARSE = 01, LEDx_FINE > 0x20 — — 15 %
LEDx_COARSE = 10, LEDx_FINE > 0x1B — — 12 %
LEDx_COARSE = 11, LEDx_FINE > 0x14 — — 12 %
Maximum LED driver current (sum of all enabled channels) — 135 — mA
LED leakage current (LED output disabled) — 20 — MA
Maximum LED fault current 3 — 90 — mA
Load capacitance — — 10 pF

1.Assumes maximum fine-current selection (LEDx_FINE = OxFF).

2.At the maximum fine-current selection, the LED current is equal to the applicable coarse control setting.
3.Fault conditions include ILED_CTRL resistor short circuit, ILED_CTRL resistor short to GND or supply, and internal driver faults.

Table 3-5. LDO5 Regulator

Test conditions (unless specified otherwise in this table): VDD_A = VDD_IO = 3.3V, VDD_LDO = 5.0 V; Ground = 0 V; voltages are with respect to

ground; Ta = +25 °C for typical specifications, Ta = 0 °C to 85 °C for min/max specifications.

Parameter Minimum Typical Maximum Unit

Programmable output voltage minimum — 3.016 — \%

maximum — 3.56 — \Y,

step size — 0.068 — \

Output voltage accuracy Vourt = 3.4V, Il .oap =200 mA -3 — 3 %
Output load current 0 — 200 mA
Output load current limit 1 Voutr =34V 300 400 500 mA
Output load regulation Vout =34V, lLoap = 1-200 mA — 60 — mV
PSRR 100 mV (peak-peak) 1 kHz sine wave — 70 — dB
Start-up time from LDO_EN high to output within specification — — 5 ms

Input voltage to enable LDO5 LDO_EN pin 2 — — \%
Input voltage to disable LDO5 LDO_EN pin — — 250 mV

1.Assumes default register conditions, LDO5_ILIMIT_CTRL = 000, LDO5_ILIMIT_VPC = 1.

Table 3-6. Digital Interface Specifications and Characteristics

Test conditions (unless specified otherwise in this table): VDD_A = VDD_IO = VDD_LDO = 3.3 V; Ground = 0 V; voltages are with respect to ground;

Ta = +25 °C for typical specifications, Ta = 0 °C to 85 °C for min/max specifications.

Parameter Symbol | Minimum Typical Maximum Unit
Input leakage current (per pin) I — — +4 pA
Input capacitance (per pin) — — — 10 pF
High-level output lon=1mA|l Vou 0.9xvVDD_IO — — \%
Low-level output loo=-1mA| Vg — — 0.1xvVDD_IO \%
High-level input ViH 0.7xvDD_IO — — \%
Low-level input ViL — — 0.3xvDD_IO \%
Internal weak pull-up/pull-down — 1.2 1.4 1.6 MQ
High-impedance output current Pin grounded loz — — 1 MA
DS1349F1 1
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3 Characteristics and Specifications

Table 3-7. DC Characteristics
Test conditions (unless specified otherwise in this table): VDD_A = VDD_|O = VDD_LDO = 3.3 V; Ground = 0 V; voltages are with respect to ground;
Ta = +25 °C for typical specifications, Ta = 0 °C to 85 °C for min/max specifications.

Parameter Minimum Typical Maximum Unit
Voltage reference (VREF_FILT) |Output voltage — 1.2 — Vv
Power-on reset VDD_|O reset threshold VDD_IO rising 1.97 — 2.89 Vv
VDD_IO falling 1.80 — 2.67 \%
VDD_LDO reset threshold VDD_LDO rising 1.92 — 2.89 Vv
VDD_LDO falling 1.75 — 2.67 \Y

Table 3-8. System Clocking, Startup and Shutdown
Test conditions (unless specified otherwise in this table): VDD_A = VDD_I|O = VDD_LDO = 3.3 V; Ground = 0 V; voltages are with respect to ground;
Ta = +25 °C for typical specifications, Ta = 0 °C to 85 °C for min/max specifications.

Parameter Minimum Typical Maximum Unit

Reset Power-on reset to control port active 1.2 — — 2 ms
Software reset to control port active 2 — — 2 ms

Power-on reset to Idle State — — 4 ms

Software reset to Idle State — — 4 ms

Ready Idle to Ready State — — 3 ms
Power-down Ready to Idle State — — 10 ms
MCLK input Input reference frequency (MCLK_EXT) 2 — 48 MHz

Duty cycle 45 — 55 %

Spread-spectrum modulation tolerance Amplitude 3 -3 — 3 %

Frequency — — 60 kHz

1.Measured from VDD

10 above its reset threshold.

2.1t is recommended to confirm the device has reached the Idle State before configuring the control registers.
3.Note the instantaneous frequency must always be within the specified input range.

Table 3-9. Temperature Monitoring and Protection Characteristics
Test conditions (unless specified otherwise in this table): VDD_A = VDD_IO = 3.3 V, VDD_LDO = 5.0 V; Ground = 0 V; voltages are with respect to

ground.

Parameter Minimum Typical Maximum Unit
Overtemperature error threshold — 155 — °C
Overtemperature error threshold deviation 1 -10 — 10 °C

1.The overtemperature error threshold deviation specifies the accuracy of the temperature-detection circuitry. This specification relates how many
degrees above or below the threshold the overtemperature error circuitry may trigger.

Table 3-10. Device Power Consumption
Test conditions (unless specified otherwise in this table): VDD_A = VDD_I|O = VDD_LDO = 3.3 V; Ground = 0 V; voltages are with respect to ground;
Ta = +25 °C for typical specifications, Ta = 0 °C to 85 °C for min/max specifications.

Use Configuration Typical Maximum Unit
Sleep State VDD_|O current Ta=25°C 58 100 MA
(MCLK stopped, Ta=0°Cto85°C — 250 MA
oscillator disabled)
VDD_LDO current VDD_LDO =5.0V, LDO5 enabled 1 — 400 MA
VDD_LDO = 5.0 V, LDO5 disabled — 50 MA
VDD_A current — 100 uA
Idle State VDD_IO current Ta=25°C 191 240 MA
(MCLK stopped, Ta=0°Cto85°C — 400 MA
default register
conditions VDD_LDO current VDD _LDO =5.0V, LDOS5 enabled 1 — 400 MA
VDD_LDO = 5.0 V, LDO5 disabled — 50 MA
VDD_A current — 100 MA
Active State Total power consumption 43 — mW
CMOS input/output  |MCLK = 12 MHz, sample rate = 6 MHz, 4 x DOUT, Cpoyt = 10 pF
Total power consumption 47 — mW
MCLK = 48 MHz, sample rate = 24 MHz, 4 x DOUT, Cpoyrt = 10 pF
LED Drivers Incremental power consumption 1 LED enabled 1.8 — mwW
LED current = 45 mA, fine current = full scale 2 LEDs enabled 3.2 — mw
3 LEDs enabled 4.4 — mwW
1.Assumes LDO4 is disabled; LDO5 is enabled under software control using the LDO5_EN bit.
DS1349F1 12
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3 Characteristics and Specifications

Table 3-11. Switching Specifications—Video Sampling (Timing Mode 1)
Test conditions (unless specified otherwise in this table): VDD_A = VDD_|O = VDD_LDO = 3.3 V; Ground = 0 V; voltages are with respect to ground;

Ta = +25°C for typical specifications, Ta = 0-85°C for min/max specifications.

Parameter 1.2 Symbol Minimum Typical Maximum Unit
Aperture delay from RSMP falling edge CDS mode tRsMPD — 8 — ns
Aperture delay from VSMP falling edge tvsmPD — 5 — ns
RSMP high period CDS mode tRSMPH 5 — — ns
VSMP high period tvsmPH 5 — — ns
AFECK high period tAFECKH 15.1 — — ns
RSMP falling edge to VSMP rising edge CDS mode trv 0 — — ns
AFECK falling edge to RSMP rising edge CDS mode tAR 0 — — ns
AFECK falling edge to VSMP rising edge non-CDS mode tav 0 — — ns
MCLK rising edge to VSMP rising edge tMHVH 0 — — ns
MCLK falling edge to VSMP falling edge tvLmL 0 — — ns
VSMP falling edge to MCLK rising edge tvLMH 2 — — ns

1.Video input timing—CDS mode. The VSMP and RSMP timing is controlled by external signals VSMP_EXT and RSMP_EXT.

—> '4_ trsmPD
IN1 !
(video input) : H
—>} 4 tyswrp
tv ;| P
tivH [ > —» < tysupH
VSMP_EXT ] ] N []
tyivn —»; ie—
tym i
MCLK_EXT L
_" "_ trsvPH
RSMP_EXT ] ﬁ 1
—Pp E‘- tAR : :
) > tareckn
AFECK [~
2.Video input timing—non-CDS mode. The VSMP timing is controlled by external signal VSMP_EXT.
—>} [« tusuro
IN1 —\/—\/———\/—\//—
(video input) '
tvrvHie—> —» e tysupn
VSMP_EXT —] ] ] ﬁ [_L
tvn — [
tvim i€
MCLK_EXT L
< tAV » - » t
Nl hl 7% LAFECKH
AFECK [
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3 Characteristics and Specifications

Table 3-12. Switching Specifications—Video Sampling (Timing Mode 2)

Test conditions (unless specified otherwise in this table): VDD_A = VDD_|O = VDD_LDO = 3.3 V; Ground = 0 V; voltages are with respect to ground;
Ta = +25°C for typical specifications, Ta = 0-85°C for min/max specifications.

Parameter 1.2 Symbol Minimum Typical Maximum Unit
Aperture delay from RSMP falling edge CDS mode tRsMPD — 8 — ns
Aperture delay from VSMP falling edge tvsmPD — 5 — ns
RSMP high period CDS mode tRSMPH — 1 — MCLK
VSMP high period tvsmPH — 1 — MCLK
AFECK high period tAFECKH 15.1 — — ns
RSMP falling edge to VSMP rising edge CDS mode trRv 0 — — ns
AFECK falling edge to RSMP rising edge CDS mode tAR 0 — — ns
AFECK falling edge to VSMP rising edge non-CDS mode tav 0 — — ns
VSMP_EXT rising edge to MCLK rising edge tvHMH 2.0 — — ns
MCLK rising edge to VSMP_EXT falling edge tMHVL 2.1 — — ns

1.Video input timing—CDS mode. The VSMP and RSMP timing is controlled by external signal VSMP_EXT, retimed to MCLK_EXT.

—> '4_ trsmPD
IN1 —\ ,
(video input) : :

— 4_ tvsmep
turmn _" «—
vou o] ] m - M
—> £<_ tmrve
MCLK_EXT ]| . o
| < RV=_ _" E‘_tVSMPH
VSMP ] 1

_’é g‘_ tRSMF’H
RSMP [ [ [ 1 [

—P 54_ tar

A
y

> tAFECKH
AFECK ] 1 —

Note: Assumes VSMP_EXT_DLY = 0 (rising edge of VSMP on first MCLK edge)
Assumes VSMP_EXT_POL = 0 (VSMP_EXT rising is the active edge)

2.Video input timing—non-CDS mode. The VSMP timing is controlled by external signal VSMP_EXT, retimed to MCLK_EXT.

—>} i¢— tysupp
IN1 —\/—\/—"—\/—\//—
(video input) )
tyrmH _" A
VSMP_EXT ] 1 [ 1 [ 1 [ 1
—> ity
MCLK_EXT |
_" "_ tvsmpn
VSMP 1 | 1 M
v «—>it
hl i l AFECKH
AFECK [
Note: Assumes VSMP_EXT_DLY = 0 (rising edge of VSMP on first MCLK edge)
Assumes VSMP_EXT_POL =0 (VSMP_EXT rising is the active edge)
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Table 3-13. Switching Specifications—TGSYNC/LEDSTART Timing

Test conditions (unless specified otherwise in this table): VDD_A = VDD_I|O = VDD_LDO = 3.3 V; Ground = 0 V; voltages are with respect to ground;
Ta = +25°C for typical specifications, Ta = 0-85°C for min/max specifications.

CS82L41

3 Characteristics and Specifications

Parameter 1,2,3 4 Symbol Minimum Typical Maximum Unit
TGSYNC setup time to MCLK active edge tresu 4 — — ns
TGSYNC hold time from MCLK active edge treHo 2 — — ns
LEDSTART setup time to MCLK active edge tLssu 4 — — ns
LEDSTART hold time from MCLK active edge tLsHo 2 — — ns

1.Assumes the TGSYNC filter is disabled. See Section 4.7.2.1 for use cases with TGSYNC filter enabled.
2. TGSYNC/LEDSTART timing—figure shows active-high TGSYNC and LEDSTART signals, timed with reference to rising active MCLK edge.

MCLK_EXT
—» ity
< > trero
TGSYNC
—»  le—tssu <
LEDSTART

L

3.TGSYNC input is supported on two different pins—TGSYNC1 or LEDSTART.
4 LEDSTART input is only used if LEDSTART_SEQ_INIT is set.

Table 3-14. Switching Specifications—Data Output

Test conditions (unless specified otherwise in this table): VDD_A = VDD_IO = VDD_LDO = 3.3 V; Ground = 0 V; voltages are with respect to ground;
Load capacitance = 10 pF; Ta = 0-85°C.

> tisHo

Parameter 1 Symbol Minimum Typical Maximum Unit
Propagation delay trp 6 — 12 ns
1.Output data timing.
MCLK_EXT / \ 50%
(clock input) / \ °
o —P —  —h e— to

DOUTn
(data output)

——

>7
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3 Characteristics and Specifications

Table 3-15. Switching Specifications—Monitor Output
Test conditions (unless specified otherwise in this table): VDD_A = VDD_IO = VDD_LDO = 3.3 V; Ground = 0 V; voltages are with respect to ground;
Load capacitance = 10 pF; Ta = 0-85°C.

Parameter 1 Symbol Minimum Typical Maximum Unit

Propagation delay VSMP, RSMP tPD — 2.0 — ns
1.Output data timing.

RSMP//SMP Y

(internal signal) ;

tep ;4—" tep [
RSMP/VSMP '
(monitor output) / \\

Table 3-16. Switching Specifications—SPI Port

Test conditions (unless specified otherwise in this table): VDD_A = VDD_I|O = VDD_LDO = 3.3 V; Ground = 0 V; voltages are with respect to ground;
input timings are measured at V;_and V|4 thresholds, output timings are measured at Vg and Voy thresholds for CMOS input/output (as specified in
Table 3-6); Ta = 0-85°C.

Parameter 1 Symbol Minimum | Maximum| Unit
SPI_SCK frequency 1itscy — 12 MHz
SPI_CS falling edge to SPI_SCK rising edge tssu 60 — ns
SPI_SCK falling edge to SPI_CS rising edge tsHo 20 — ns
SPI_SCK pulse width low tscL 33 — ns
SPI|_SCK pulse width high tscH 33 — ns
SPI_SDI to SPI_SCK setup time tbsu 20 — ns
SPI_SDI to SPI_SCK hold time tbHO 20 — ns
SPI_SCK falling edge to SPI_SDO transition toL 0 33 ns
Bus free time between active SPI_CS tsH 417 — ns
DOUT disable time from SPI_CS falling edge 2 Shared Bus Mode tpHz — 15 ns
DOUT enable time from SPI_CS rising edge 2 Shared Bus Mode tDeEN 5 — ns
1.SPI control-port timing.
tsHo
— — fssu «—>
sPLcs ——
(input) )()( }()/ \—
tsey TR 4———»- tsn
s YavavAvA a

t [ tscn
DSU
!

SP(ialSlﬁ') we] | j(j”tx 1se| | wss | E;X se X

» toro

A

—> e ip

SPI_SDO [
g e s

tDHZ —» i« tDEN —> §<_
DOUTn j—“""
(output) I In Shared Bus Mode, DOUTn outputs are Hi-Z during SPI transactions \—
2.In Shared Bus Mode, the DOUTn data outputs are disabled (Hi-Z) whenever SPI_CS is asserted (see Section 4.9.1).
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4 Functional Description

4 Functional Description

4.1 Power Supplies and Reset

The CS82L41 is powered using VDD_A, VDD _|O, and VDD_LDO external supplies.

» VDD_A is the supply rail for the analog circuits, including internal regulator LDO1. VDD_A can be powered directly
from an external source, or can be generated from VDD_LDO using the internal regulator LDO4.

The VDD_A supply is not required in the Idle and Sleep states; the VDD_A supply can be disabled in these states
to reduce power consumption. Note the sensor must also be powered down if VDD_A is disabled, to ensure the IN1
input voltage does not exceed VDD_A.

The VDD_A status is indicated using VDDA_STS. A valid VDD_A (internal or external) must be present when
transitioning to the Ready or Active states. Sampling and conversion is not supported if VDD_A is not present.

« VDD_IO is the supply rail for digital input/output; it also powers other digital circuits via internal regulator LDO2.
VDD_10 can be powered directly from an external source, or can be generated from VDD_LDO using the internal
regulator LDOS.

Note that, if the LDOS5 regulator is used to generate the VDD_10 supply, an external connection is required between
the VLDOS5 and VDD _1O pins.

+ VDD_LDO is the supply rail for internal regulators LDO4 and LDOS5. The regulators can be used to generate the
VDD_Aand VDD _10O supplies, and also to provide power to an external sensor. See Section 4.1.1 and Section 4.1.2
to configure these regulators.

The VDD_LDO voltage must always be greater than or equal to VDD_A. If VDD_A is powered externally, VDD_LDO
must be enabled before VDD_A; the VDD_A supply must be disabled before VDD_LDO.

If the LDO4/LDOS regulators are not used, the VDD _LDO supply should be tied to VDD_A, or to a higher voltage
such as a5V rail.

Note that all digital inputs should be held low until VDD_10O is within the recommended operating limits. Analog video input
must not be applied until VDD_A is within recommended operating limits. See Table 3-2 for maximum ratings.

411 LDO4 Regulator

The LDO4 regulator can be used to generate a 3.3 V analog supply for VDD_A. The LDO4 regulator is enabled using the
LDO_EN pin—connect to VDD_LDO to enable the LDO, or connect to GND to disable. The LDO can also be enabled by
setting LDO4_EN.

The LDO_EN input pin controls LDO4 and LDO5. The LDO_EN control can be masked using LDO_EN_MASK. If this bit
is set, the LDO_EN input has no effect on the regulators; this can be used to allow independent control of LDO4 and LDO5,
even if the hardware input is asserted—see Section 4.1.3 for example control sequences.

The VDD_A supply is not required in the Idle and Sleep states; if VDD_A is powered from LDO4, the LDO can be disabled
in these states to reduce power consumption. Note that the sensor must also be powered down in this case. After enabling
the LDO4 regulator, a start-up delay of 1 ms should be allowed before transitioning to the Active State.

If the LDOA4 regulator is under software control (i.e., the LDO_EN input is masked or deasserted), it can only be enabled
or disabled in the Idle State. If LDO4_EN is written in any other state, the update does not take effect until the device
returns to the Idle State. See Section 4.2 for details of the CS82L41 operational states.

If the LDO4 regulator is under software control, it is disabled by default, supporting external VDD_A supply. Note that the
LDO must not be enabled if an external VDD_A supply is present.

The LDO4 output can configured in a high-impedance (Hi-Z) state using LDO4_HIZ. Note that setting this bit disables the
LDO, regardless of the LDO4_EN bit or LDO_EN hardware control. If an external VDD_A supply is used, it is
recommended to set LDO4_HIZ in order to reduce power dissipation through the discharge path.
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4.1 Power Supplies and Reset

41.2 LDOS5 Regulator

The LDO5 regulator can be used to provide power to an external sensor; it can also be used to generate the VDD_|O
supply. The output voltage is configured using LDO5_VOUT.

The LDOS5 regulator is enabled using the LDO_EN pin—connect to VDD_LDO to enable the LDO, or connect to GND to
disable. The LDO can also be enabled by setting LDO5_EN.

The LDO_EN input pin controls LDO4 and LDO5. The LDO_EN control can be masked using LDO_EN_MASK. If this bit
is set, the LDO_EN input has no effect on the regulators; this can be used to allow independent control of LDO4 and LDO5,
even if the hardware input is asserted—see Section 4.1.3 for example control sequences.

Notes: It is recommended that the LDO5 regulator should not be used to power an external sensor at the same time as
providing the VDD _ 1O supply. Noise associated with the VDD _IO supply may be detrimental to the performance
of an external sensor connected to the same node. If LDOS5 is used to power an external sensor and VDD_10,
care should be taken to ensure VDD _10 noise is within acceptable range for the sensor.

If LDOS is used to power the external sensor, the LDOS5 regulator must not be enabled if VDD_A is disabled. In
typical use cases, this means LDO5 must not be enabled if LDO4 is disabled.

If LDOS5 is used to generate the VDD_1O supply, the LDO must be enabled using the LDO_EN pin. Care must be
taken when controlling the LDOs to avoid interrupting the VDD_IO supply.

If the LDO_EN pin is used to control LDO5, care must be taken to ensure the switching edges are free of bounce/
chatter. To avoid overshoot, the LDO output must be fully discharged before re-enabling the LDO.

The LDOS5 regulator supports a configurable current limit, including a dynamic control that is proportional to the output
voltage. Proportional control (VPC) is enabled by default and can be used to suppress inrush currents in the load. The
current limit is configured using LDO5_ILIMIT_CTRL. Note that the valid selections vary depending on whether VPC is
enabled. If VPC is enabled (LDO5_ILIMIT_VPC = 1), the limit is approximated by the following formula:

Current Limit (mA) = |, 505 iumim_ctre + (Vipos x 60)

The output of the LDO regulator is provided on the VLDOS5 pin. If LDO5 is used to generate the VDD _|O supply, an external
connection is required between VLDO5 and VDD _|O.

41.3 Typical Power-Supply Configurations
Typical power-supply configurations for the CS82L41 are shown in Section 4.1.3.1 through Section 4.1.3.3.

4.1.3.1 Dual Supply (5V, 3.3 V)

Fig. 4-1 shows the CS82L41 powered using 5V and 3.3 V external supplies. The 5 V supply powers the external sensor
(using LDO5) and the analog circuits (using LDO4). A separate 3.3 V supply powers the digital circuits.

VDD_LDO

50Vo

LDO_EN
see text for details © I

LDO5 LDO4

Power to VLDO5 |
external sensor

VDD_A

» Analog circuits

VDD_IO
3.3Vo - Digital circuits

Figure 4-1. Dual Supply (5V, 3.3V)
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4.1 Power Supplies and Reset

In this configuration, the LDO4 and LDOS5 can be controlled to suit the application requirements. The LDO_EN pin can be
used in the following ways:

 LDO_EN tied to GND. LDOs are disabled by default and controlled in software using LDO4 EN and LDO5_ EN.
* LDO_EN tied to VDD_LDO. LDOs are enabled by default.
* LDO_EN controlled by host. The LDOs are controlled by an external device driving the LDO_EN pin.

If both LDOs are enabled using the LDO_EN pin, the following control sequence can be used to disable the sensor (LDO5)
while maintaining VDD_A.

1. Set LDO4_EN

2. SetLDO5_EN

3. Set LDO_EN_MASK

4. Clear LDO5_EN to disable LDO5

Note that LDO4 must not be disabled while LDO5 is enabled—this would result in an input voltage applied while VDD_A
is disabled. Equivalently, LDO5 must not be enabled while LDO4 is disabled.

4.1.3.2 Single/Dual Supply (3.3 V)

Fig. 4-2 shows the CS82L41 powered using 3.3 V external supplies. The analog and digital power can be provided
separately, or else from a single supply. Note the VDD_LDO connection must be tied to VDD_A in this case.

VDD_LDO
LDO_EN
LDO5 LDO4
(disabled) (disabled)
VLDO5
VDD_A
3.3Vo — - Analog circuits
VDD_IO
33Vo = » Digital circuits

Figure 4-2. Single/Dual Supply (3.3 V)

In this configuration, the LDO regulators are not used. The regulators must remain disabled at all times.

DS1349F1 19
Copyright © 2024-2026 Cirrus Logic, Inc. and Cirrus Logic International Semiconductor Ltd.


https://www.cirrus.com

—m
——

—== CIRRUS LOGIC" CS82L41

4.2 Operational States

4.1.3.3 Single Supply (5V)

Fig. 4-3 shows the CS82L41 powered using a single 5 V external supply. The LDOS5 regulator provides power to the
external sensor, and to the digital circuits via VDD_10. The LDO4 regulator powers the analog circuits.

Note that powering the external sensor and VDD_IO from a common supply can be detrimental to the performance of the
sensor. In this configuration, care should be taken to provide adequate filtering to minimize noise associated with the
VDD_10 supply reaching the sensor.

VDD_LDO

5.0V0
l LDO_EN

LDO5 LDO4

VLDO5 |

VDD_A

» Analog circuits

VDD_IO

- Digital circuits

Figure 4-3. Single Supply (5 V)

In this configuration, the LDO regulators are enabled at power-up and must remain enabled at all times. Software control
of the LDO enable/disable functions should not be used in this configuration.

414 Resets

The CS82L41 is in reset if the VDD_IO or VDD_LDO supply is below the respective reset threshold defined in Table 3-7.
The POR sequence is scheduled on initial power-up, and following any interruption to VDD_IO or VDD _LDO that results
in a drop below the reset threshold. The POR causes all of the CS82L41 control registers to be reset to their default states.

A software reset is triggered by writing Ox5A to the SFT_RESET field. A software reset causes all of the CS82L41 control
registers to be reset to their default states.

On completion of the reset and associated start-up processes, the device transitions to the Idle State (see Section 4.2).

Note: The LDO4 and LDOS5 regulators can be enabled without VDD _|O applied (i.e., while the device is in reset). If the
LDO_EN pinis asserted and VDD _LDO is within valid operating conditions, the regulators are enabled. The
default output voltage and current limit are applied if VDD _IO is not present.

4.2 Operational States

The CS82L41 behavior is defined according to its operational states as follows:
« Start-Up. This is the initial state following reset, in which the device performs necessary start-up processes. On
successful completion of start-up, the device automatically transitions to the Idle State.

» Idle. This is a low-power state in which the device can be configured for the required operational behavior. Register
access is supported on the SPI control interface. After configuring the device, the host can command the device to
transition to the Ready State.

* Ready. In this state, the analog input path and internal control circuits are fully enabled. In this state, the host can
select the Active State when required.

» Active. This is the fully operational state, supporting active sampling and data output.
» Error. This is the error state. See Section 4.2.1 for further details.

» Sleep. This is a dormant state with very low power consumption. Note that register access is not possible in this
state, other than to wake the device to the Idle State.
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4.2 Operational States

The operational state transitions are shown in Fig. 4-4.

Power-on Reset,
Software Reset,
Over-temperature

l

START-UP
STARTUP_STS =1

Start-up complete

MSM_EN =0

OSC_DISABLE =1 Y
h IDLE
SLEEP
> IDLE_STS =1
OSC_DISABLE =0 A
MSM_EN =1 READY_EN =1
READY_EN =0
\
READY
ERROR |,
ERROR_STS =1 Error condition detected A
ACTIVE_EN =1
ACTIVE_EN =0
\
ACTIVE

ACTIVE_STS =1

Figure 4-4. Operational States

The Start-Up State is indicated using STARTUP_STS. On successful completion of start-up, the device automatically
transitions to the Idle State.

The Idle State is indicated using IDLE_STS. The CS82L41 is configured in the Idle State using the control interface (see
Section 4.9). The transition from the Idle State to the Ready State is selected by setting READY_EN.

The Ready State is indicated using READY_STS. The transition from the Ready State to the Active State is selected by
setting ACTIVE_EN.

The Active State is indicated using ACTIVE_STS. The transition from the Active State to the Ready State is selected by
clearing ACTIVE_EN.

In the Ready State, the transition to the Idle State is selected by clearing READY_EN.

The Error State is selected if an error condition is detected; this is indicated using ERROR_STS. See Section 4.2.1 for
further details.

The Sleep State is selected by clearing MSM_EN, then setting OSC_DISABLE. To exit the Sleep State, the host must
clear OSC_DISABLE, then set MSM_EN. On exiting the Sleep State, the device transitions to the Idle State.

Note: The Sleep State should only be selected from the Idle State.
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4.3 MCLK Input

421 Error Conditions

If an error condition is detected, the error state is indicated using ERROR_STS. A more specific indication of the error is
provided using the following fields.

« TEMP_ERROR_STS—Indicates an overtemperature error. In this event, an automatic reset shuts down all
functions. The host must set TEMP_ERROR_CLR to return to the Idle State (provided the error has cleared). After
returning to the Idle State, the host should then clear TEMP_ERROR_CLR.

If TEMP_ERROR_RST_MASK is set, there is no reset following a temperature error; instead, there is a controlled
shutdown of the analog path. The host must set TEMP_ERROR_CLR to return to the Idle State (provided the error
has cleared). The host must also clear ACTIVE_EN and READY_EN. After returning to the Idle State, the host
should then clear TEMP_ERROR_CLR.

+ ACTIVE_ERROR_STS—Indicates an error in the Active or Ready state. The errors include clocking, AVDD absent,
LDO error, and LED driver errors. The host must clear ACTIVE_EN and READY_EN to return to the Idle State
(provided the error has cleared).

+ STARTUP_ERROR_STS—Indicates a start-up error. This error can only be cleared by resetting the device.

+ BOOT_ERROR_STS—Indicates a boot error. This error can only be cleared by resetting the device.

*+ MCLK_ERROR_STS—Indicates an invalid or absent MCLK in the Idle State. No corrective action is required by the
host—the Ready State can be selected as usual, provided a valid MCLK has resumed.

4.3 MCLK Input

Clocking for the CS82L41 is provided using the MCLK_EXT input. The MCLK frequency must be a valid multiple of the
pixel-sample rate; the supported frequency ratios are dependent on the selected output data format (see Section 4.5).

The supported frequency range for MCLK_EXT is described in Table 3-9.

4.4 Analog Input Path

The analog input path supports video input from an external sensor. The input path can be optimized to support a wide
range of CIS and CCD sensors. A voltage reference (VBIAS) for the sensor can be generated internally on the CS82L41,
or else can be provided from an external source.

The CS82L41 supports CDS and non-CDS sampling modes. For non-CDS operation, the video signal is sampled once
per pixel. For CDS processing, two samples per pixel are used (reset level and video level); the correlated processing of
these samples enables common-mode noise to be suppressed.

The clamp circuit allows the device to support video signals that exceed the maximum DC input voltage, and to align the
video input to the VBIAS reference. Clamping can be applied during the reset portion of active scan pixels (pixel clamping)
or else during black pixels outside the active scan periods (line clamping).

The input path can be optimized for different sensors using configurable offset, gain, and signal inversion. Different
parameter values can be configured for different sequence states, allowing cyclic configuration for different phases of the
scan pattern.

An overview of the analog input path is shown in Fig. 4-5.

I _| Level | DC _| Analog _| Digital _| Digital
Input >| Sampling Shift Offset Gain >\ APC Invert Gain >
Clamp
VBIAS <—>—L/ DAC
Figure 4-5. Analog Input Path
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4.4 Analog Input Path

441 Input Sampling Mode

The CS82L41 supports a wide range of video input signals. Typical CIS and CCD sensor waveforms are shown in Fig. 4-6.

CCD sensor
waveform T

reset signal video sample

CIS sensor
waveform

video sample

Figure 4-6. Typical CIS/CCD Waveforms
The analog input path can be configured in CDS or non-CDS sampling modes as follows:

* In CDS mode (CDS_EN = 1), the reset level and the video level are sampled for each pixel. This is typically used
with CCD sensors, where the video waveform includes a reset level for each pixel. In CDS sampling mode, each
video sample is measured relative to the reset level in the same pixel frame.

* Innon-CDS mode (CDS_EN = 0), a single video-level sample is used for each pixel. This is typically used with CIS
sensors, where the video waveform does not provide a reset level for each pixel. In this case, the video sample is
measured relative to the VBIAS reference (see Section 4.4.2).

Note that both sampling modes (CDS or non-CDS) may be used with either type of sensor (CIS or CCD). The suitability
of either sampling mode must be determined by the specific waveforms and timing constraints of the target application.

The analog input path can be configured for low-power operation, enabling power savings under suitable operating
conditions. The default, high-performance configuration is recommended for pixel sample rates of 10 MHz and above. For
slower sample rates, power consumption can be optimized using CH1_AFE_POWER.

442 Bias Voltage (VBIAS)

The CS82L41 provides a configurable voltage reference on the VBIAS pin; this is used as an input to the external sensor
and as a reference for the analog input path. The VBIAS reference is required during active sampling. In non-CDS
sampling mode, the bias voltage provides the reference level for the input-signal measurement. When the input clamp is
active (see Section 4.4.3), the video input is clamped to the VBIAS reference.

The VBIAS reference is configured using the reset-level clamp (RLC) DAC. The bias is enabled using VBIAS_EN; the
output voltage is configured using VBIAS_LVL.

The bias voltage should be configured within the operating conditions of the sensor. If input clamping is enabled, the bias
should be set at the desired reset level, ensuring that both the reset level and the full-scale level are within the
measurement range of the CS82L41 (see Section 4.4.3 for further details).

The drive strength of the bias is configurable using VBIAS ISEL and VBIAS ISEL_BOOST. The internal source for the
bias reference is selected using VBIAS REF; the VREF source is recommended in all cases.

Note: The bias voltage can also be provided externally. The RLC DAC must be disabled if an external reference source
is connected to the VBIAS pin.

443 Clamp Control

The clamp provides a short circuit between the input signal and the VBIAS reference. The clamp is used with AC-coupled
input to align the video signal within the measurable range of the CS82L41. The clamp enables video signals that exceed
the full-scale input level to be accommodated; it can also be used to protect the input circuit from transient voltages that
may arise during sensor start-up.
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4.4 Analog Input Path

The full-scale input voltage is defined in Table 3-3. If the input signal (at the reset- or video-sample points) exceeds the
full-scale level, the clamp must be used to offset the signal level within the permitted limit.

Note: The output from a CCD sensor typically includes transients that do not represent either the reset level or the video
sample level; these transients do not need to lie within the measurable range. However, the absolute maximum
rating of the input pins (see Table 3-2) must be observed at all times.

If the clamp is used, the input must be AC-coupled using a capacitor on the input pin as shown in Section 2. If the clamp
is not used, the DC-coupled configuration is recommended (i.e., without a capacitor).

The clamp operation must be timed to coincide with the input reset signal, in order to align the reset (black) level with the
VBIAS reference. To ensure correct behavior, the input voltage must be a constant level while the clamp is active.

* In CDS mode, the clamp can be applied during the reset portion of active scan pixels (pixel clamping).
* Innon-CDS mode, the clamp is typically used during black pixels outside the active scan periods (line clamping).

The clamp circuit is illustrated in Fig. 4-7. The clamp is used with the VBIAS reference to adjust the video signal level within
the operating limits of the CS82L41.

Reset level

N / N Reset level
VSMP 5V 5V
Sensor l
) || IN1
input | 3v 3v
= G Analog input . .
ath and ADC
RSMP P Example signal from CCD sensor Example signal from CIS sensor
VBIAS l . ‘ ‘
1 ‘
I Reset?el clamped to 2.5V Reset level clamped to 0.5 V
25V 25V
o AT
VBIAS_EN 05V 05V
Measurement signal to ADC Measurement signal to ADC

Figure 4-7. Input Clamp
The clamp function is enabled by setting CLAMP_EN. The CLAMP_MODE field is used to select when clamping is applied.

+ If CLAMP_MODE = 0, clamping is enabled for all pixels.

* If CLAMP_MODE = 1, clamping is enabled if RSMP_EXT is asserted (Logic 1). The RSMP_EXT function is
supported on two different multifunction pins—RSMP_EXT1 or RSMP_EXT2. The applicable pin must be
configured for the RSMP input as described in Section 4.10.

Note this option is not valid if CDS sampling is enabled in Timing Mode 1 (see Section 4.6).
During pixels where clamping is enabled (and the applicable CLAMP_MODE condition is met), the clamp is applied for a

portion of the respective pixel frames. In CDS mode, the clamp is applied while RSMP is asserted; in non-CDS mode, the
clamp is applied while VSMP is not asserted. See Section 4.6 for further details of the VSMP and RSMP signals.
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4.4 Analog Input Path

The clamp timing in CDS mode is illustrated in Fig. 4-8.

Video sample at Reset sample at
falling edge of VSMP falling edge of RSMP
vsmP ] 1 1 L
RSMP

Clamp enable [ |

Clamp is aligned with RSMP during the enabled period

CLAVP 1 1

Figure 4-8. Clamp Timing (CDS Mode)

The clamp timing in non-CDS mode is illustrated in Fig. 4-9.

Video sample at
falling edge of VSMP

CIS input
Black pixels

vswP ] T T i

Clamp enable [ l
Clamp is aligned with VSMP during the enabled period

CLAMP | | | |

Figure 4-9. Clamp Timing (Non-CDS Mode)

The clamp can also be enabled using CLAMP_OVRD. If this bit is set, the input clamp is enabled continuously until the bit
is cleared. This can be used to protect the input circuits from transient voltages that may arise during sensor start-up.

444 Polarity Select

The analog input path provides selectable polarity control; this can be used to accommodate different types of sensor
waveform. The polarity of the sensor waveforms are defined as follows:

* For a CCD-type waveform, the reset level is higher than the video sample level; this is inverted polarity.
» For a CIS-type waveform, the reset level is lower than the video sample level; this is non-inverted polarity.

The full-scale signal level for the input path is 2.4 V pk-pk (see Table 3-3). The input signal is measured relative to the
VBIAS/reset level, as described in Section 4.4.1.

The analog input path must be configured for the polarity of the input waveform. If inverted polarity is selected, the
waveform is level-shifted so the reset-level signal is measured around 2.4 V. If non-inverted polarity is selected, there is
no level shift, and the reset-level is measured around 0 V.

Note: The level shift can be combined with additional DC offset as described in Section 4.4.5.
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4.4 Analog Input Path

The polarity selection is illustrated in Fig. 4-10 for typical CCD and CIS sensor waveforms. The inverted CCD waveform
is level-shifted to the 2.4 V level. The non-inverted CIS waveform is unaffected.

CCD sensor waveform CIS sensor waveform

!

CH1 POL=1 = /_\/
ov ov

»
»

CH1_POL =0

»
»

Figure 4-10. Polarity Select
The polarity is configured using CH1_POL.

445 Offset Control

The offset provides DC adjustment to the analog input signal. The offset can be either positive or negative, and can be
used to optimize the input path for the video signal.

The offset is illustrated in Fig. 4-11 for typical CCD and CIS sensor waveforms.

CCD sensor waveform CIS sensor waveform

24v| 7 ==

A offset

offset [y pa—

»»»»»
>

oV > 0 v el 4

v

Figure 4-11. Offset Control

The offset can be set in the range —333 mV to +333 mV. The offset is applied differently depending on whether the signal
path is inverted (see Section 4.4.4):

» If the signal path is inverted (CH1_POL = 1), the offset is added to signal voltage—a positive offset increases the
output voltage, and a negative offset decreases the output voltage.

» If the signal path is not inverted (CH1_POL = 0), the offset is subtracted from the signal voltage—a positive offset
decreases the output voltage, and a negative offset increases the output voltage.

The offset is associated with the sequence state, allowing different offsets to be applied automatically according to the
current state (see Section 4.7.1 for details of the sequence state).

The offset is configured using CH1_SEQn_OFFSET (where n is 0-3 for the respective sequence state).

The auto-cycle function is enabled using ACYC_EN. If auto-cycle is enabled, the offset is determined by the current
sequence state. If auto-cycle is disabled, IN_SEQ_SEL is used to select which sequence-state offset should be applied.
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4.4 Analog Input Path

4.4.6 Analog Gain Control

The analog gain provides control of the input signal amplitude. The analog gain can be used to optimize the input signal
to match the measurable range of the ADC.

The analog gain is illustrated in Fig. 4-12 for typical CCD and CIS sensor waveforms.

CCD sensor waveform CIS sensor waveform
24V

v

oV > ov

Figure 4-12. Analog Gain

The analog gain is associated with the sequence state, allowing different gain settings to be applied automatically
according to the current state.

The analog gain is configured using CH1_SEQn_AGAIN (where n is 0-3 for the respective sequence state).

The auto-cycle function is enabled using ACYC_EN. If auto-cycle is enabled, the gain is determined by the current
sequence state. If auto-cycle is disabled, IN_SEQ_SEL is used to select which sequence-state gain should be applied.
447 Analog to Digital Converter (ADC)

The input path incorporates a high-performance analog-to-digital converter (ADC). The ADC is configured automatically
and does not require any user configuration.

448 Digital Invert

The input path accommodates sensor waveforms of inverted or non-inverted polarity, as described in Section 4.4.4. The
digital invert is used to ensure the ADC output is a standardized polarity for all signal types, i.e., the reset (black) signal
level is a lower numerical value than the full-scale (white) signal level.

The digital invert is configured automatically to align with the selected polarity of the analog input.

The digital invert is illustrated in Fig. 4-13 for typical CCD and CIS sensor waveforms. The inverted CCD waveform is
adjusted so the reset (black) signal level is towards the zero end of the digital range. The non-inverted CIS waveform is
unaffected.

4
CCD sensor waveform CIS sensor waveform

Full Scale PRARLAREAAR S Full Scale [-------rrrrrerrmresereeeeeeees

> 0

v

Figure 4-13. Digital Invert
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4.5 Digital Output Format

449 Digital Gain Control

The digital gain provides control of the digital output scaling. In typical applications, the digital gain is configured to set the
highest signal level close to the full-scale digital level.

The digital gain is illustrated in Fig. 4-14 for typical CCD and CIS sensor waveforms.

4
CCD sensor waveform CIS sensor waveform

Full Scale Full Scale

Ref

v

0 > 0
Figure 4-14. Digital Gain

The digital gain is associated with the sequence state, allowing different gain settings to be applied automatically according
to the current state.

The digital gain is configured using CH1_SEQn_DGAIN (where n is 0-3 for the respective sequence state). The output
data is scaled according to the selected gain. The output is scaled relative to the reference level CH1_SEQn_DGAIN_REF
as shown in Fig. 4-14; this can be used to reduce the reset-level offset while also maximizing the signal amplitude.

The auto-cycle function is enabled using ACYC_EN. If auto-cycle is enabled, the gain is determined by the current
sequence state. If auto-cycle is disabled, IN_SEQ_SEL is used to select which sequence-state gain should be applied.

4410 TestPattern Generator

The CS82L41 incorporates a test pattern generator, which can be used for debug purposes. The test pattern allows the
digital output to be verified without any analog input required.

If the test pattern is enabled, the analog input path is bypassed. Note that other required functions must be configured as
for normal operation, including the external clock reference and VSMP/RSMP timing signals.

The test patternis enabled using TEST_PATT_EN. If the test pattern is enabled, the output data ramps continually through
the full 16-bit range of digital output codes. The data is incremented/decremented for each pixel. The ramp direction is
selectable using TEST_PATT_DIR.

The pattern should be configured and enabled while in the Idle State. The digital output is generated after transitioning to
the Active State. The Idle State should be selected before disabling or reconfiguring the pattern.

4.5 Digital Output Format

The CS82L41 provides single-ended data output, over a maximum of four data lines, DOUTn. Signal timing is referenced
to the external clock input (on the MCLK_EXT pin). The data output is supported in single- or double-rate formats:

* In single-data-rate (SDR) formats, the data bit rate is equal to the MCLK rate
* In double-data-rate (DDR) formats, the data bit rate is 2 x MCLK rate

DS1349F1 28
Copyright © 2024-2026 Cirrus Logic, Inc. and Cirrus Logic International Semiconductor Ltd.


https://www.cirrus.com

—m
——mm

—== CIRRUS LOGIC" CS82L41

4.5 Digital Output Format

The data output format is illustrated in Fig. 4-15. See Table 3-18 for timing specifications.

DOUTn
(DDR formats)
DOUTn
(SDR formats)

Figure 4-15. Data Output Format

The data output can be supported on four data lines (DOUT1-DOUT4) or two data lines (DOUT1-DOUT2); the number
of data lines is selected using DOUT_CONFIG. The data output is configured in SDR or DDR format using DOUT_DDR.

The format is configurable using DOUT_PHASE, allowing the data output to be referenced to either the rising or falling
edge of the MCLK input.

The latency of the output data from the VSMP_EXT trigger signal is described in Section 4.6.1 and Section 4.6.2.
Additional delay can be configured using DOUT_DLY.

The MCLK frequency is a multiple of the pixel-sample rate; the frequency ratio can be chosen according to the selected
output format and the required number of data bits per sample. Valid MCLK ratios for different use cases are noted in
Table 4-1.

Table 4-1. MCLK Frequency Ratio

Number of Minimum MCLK Ratio
- Data Rate - . .
Data Lines 16-bit 12-bit 8-bit
Four Single 4 3 2
Double 2 — —
Two Single 8 6 4
Double 4 3 2

The data output formats are illustrated in Fig. 4-16 through Fig. 4-19. The examples show 16-bit data, referenced to the
rising MCLK edge. If the MCLK frequency ratio is reduced, the data samples are truncated as described in Table 4-1. If
the ratio is increased, the LSBs of each sample are maintained through the additional MCLK cycles.

The four-line SDR data output is illustrated in Fig. 4-16.

e [V
oous [ o | | @ | =
SO T BT N
oo [ o | o | = | =

DOUT1 X d12 X d8 X d4 X do

Figure 4-16. Four-line SDR Data Output
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4.6 Sample Timing Control

The four-line DDR data output is illustrated in Fig. 4-17.

DOUT4 X d15X d11 X d7 X d3
DOUT3 X d14X d1OX dé X d2
DOUT2 X d13X d9 X d5 X d1

DOUT1 X d12X d8 X d4 X do

Figure 4-17. Four-line DDR Data Output
The two-line SDR data output is illustrated in Fig. 4-18.

wo [T
vours (o [ [ [ m [ w [ = | = |
oours (o | o [ w [ w [ = [ | = | =

Figure 4-18. Two-line SDR Data Output
The two-line DDR data output is illustrated in Fig. 4-19.

e [ UL
sours oo oo (or o o o o |
sour [oe oo [ o [ = =

Figure 4-19. Two-line DDR Data Output

4.6 Sample Timing Control

The CS82L41 supports CDS and non-CDS sampling modes. CDS refers to correlated double-sampling—in CDS mode,
the reset level and the video level are sampled for each pixel; in non-CDS mode, a single video-level sample is used for
each pixel. The sampling mode is configured using CDS_EN.

The sample timing is controlled by the internal VSMP and RSMP signals—the video level is sampled on the falling edge
of VSMP; the reset level is sampled on the falling edge of RSMP.

Note: The RSMP signal is used in CDS sampling mode only. RSMP is not used in non-CDS sampling mode.

The ADC sample/conversion timing is controlled by the AFECK signal. The rising edge of AFECK occurs after the falling
edge of VSMP. The AFECK signal must be optimized according to the application requirements, to ensure correct
sequencing of the associated functions.

Sample timing is controlled using external hardware inputs. The external signals can be configured to trigger the internal
VSMP and RSMP signals directly, or can be retimed to align with the MCLK reference input. The AFECK timing is
configured with reference to the MCLK input.

To assist in debug and timing set-up, the VSMP, RSMP, and AFECK signals can be monitored externally as described in
Section 4.11.
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4.6 Sample Timing Control

The CDS timing for a typical CCD-sensor video signal is shown in Fig. 4-20.

Video sample at Reset sample at
falling edge of VSMP falling edge of RSMP
- inPUt /—\\\/—\ \/—N\\
VSMP [ [
RSMP [ N i i
AFECK ~ ] [ [ [ [

Figure 4-20. Sample Timing Control (CDS Mode)

The non-CDS timing for a typical CIS-sensor video signal is shown in Fig. 4-21.

Video sample at
falling edge of VSMP

VSMP N M M e
AFECK ~] 1 1 1 —

Figure 4-21. Sample Timing Control (non-CDS Mode)

4.6.1 Direct Pin Trigger (Timing Mode 1)

In Timing Mode 1, the VSMP and RSMP signals are controlled directly using external hardware inputs. The video sample
is triggered on the falling edge of VSMP_EXT; the reset-level sample is triggered on the falling edge of RSMP_EXT.

Timing Mode 1 is selected if TIMING_MODE = 0.

The rising edge of AFECK occurs on the first MCLK rising edge after the VSMP falling edge. The falling edge of AFECK
is configured using AFECK_DUR to define the duration of the AFECK pulse.

The timing constraints in Table 3-11 must be observed when controlling VSMP and RSMP directly from the external pins.
A minimum pulse duration is specified for each signal; it is recommended to configure the shortest possible AFECK pulse
within the defined limits. The VSMP, RSMP, and AFECK pulses must not overlap.

Note: The RSMP signal is used in CDS sampling mode only. If CDS_EN = 0, the RSMP timing constraints do not apply.

The RSMP_EXT function is supported on two different multifunction pins—RSMP_EXT1 or RSMP_EXT2. The applicable
pin must be configured for the RSMP input as described in Section 4.10.
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4.6 Sample Timing Control

The direct-pin trigger is illustrated in Fig. 4-22.

ey | LI LTI L Uy Uy U U LU
(clock input) —|_|_|_|_

VSMP_EXT |_|

[ ] [ ]

(trigger input)

RSMP_EXT _l_l I_I

(trigger input)
< » AFECK_DUR

AFECK

[ [

Figure 4-22. Direct-Pin Trigger (Timing Mode 1)

The data output is formatted as described in Section 4.5. The latency of the output (measured in MCLK cycles) is defined

in Table 4-2, according to the selected data format.

Table 4-2. Data Output Latency

Leading Edge 1 Data Rate 2 Output Latency 34
Positive Single ((7 + Delay) x MCLK cycles per pixel) + 2
Double ((7 + Delay) x MCLK cycles per pixel) + 2
Negative Single ((7 + Delay) x MCLK cycles per pixel) + 1.5
Double ((7 + Delay) x MCLK cycles per pixel) + 2.5

1.The leading edge is configured using DOUT_PHASE.

2.The data rate is configured using DOUT_DDR.

3.Delay is configured in the range 0—3 using DOUT_DLY.

4.MCLK cycles per pixel is the ratio of the MCLK frequency to the VSMP rate.

The latency is defined from the rising edge of AFECK (i.e., the first MCLK rising edge after the VSMP falling edge), as

shown in Fig. 4-23.

MCLK_EXT [ 1 T T T TT VT T T e

(clock input) J_|_ —|_|_|_|_|
VSMP_EXT

(trigger input) |_|

AFECK

DOUTn < Qutput latency > T T T 1 I

(data output) I I I |

Figure 4-23. Data Output Latency (Timing Mode 1)

4.6.2 MCLK-Aligned Trigger (Timing Mode 2)

In Timing Mode 2, the VSMP, RSMP, and AFECK signals are controlled using the VSMP_EXT pin as the trigger. The
active edge of the trigger (rising or falling) is selectable. The internal signals are retimed to align with the MCLK input; this
can be used to ensure the internal pulses do not exceed a minimum duration, regardless of the external trigger.

Timing Mode 2 is selected if TIMING_MODE = 1.

The active edge of the VSMP_EXT trigger (rising or falling) is configured using VSMP_EXT_POL.
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The MCLK-aligned signals are configured as follows:

CS82L41
4.6 Sample Timing Control

*  The VSMP timing is controlled using VSMP_EXT_DLY to select the number of MCLK cycles between the active
VSMP_EXT edge and the rising edge of VSMP. The falling edge of VSMP is one MCLK cycle after the rising edge.

* The RSMP timing is controlled using RSMP_EXT_DLY to select the number of MCLK cycles between rising edge
of VSMP and the rising edge of RSMP. The falling edge of RSMP is one MCLK cycle after the rising edge.

» The rising edge of AFECK occurs at the same time as the VSMP falling edge. The falling edge of AFECK is
configured using AFECK_DUR to define the duration of the AFECK pulse.

The rising edge of VSMP is configured as described above. The rising edge is delayed by a number of MCLK cycles—if
a delay of n cycles is selected, the rising edge of VSMP occurs on the n-th rising edge of MCLK after the rising edge of
the VSMP_EXT signal.

The timing constraints in Table 3-12 must be observed when configuring the phase offset of VSMP, RSMP, and AFECK.
It is recommended to configure the shortest possible AFECK pulse within the defined limits. The VSMP, RSMP, and
AFECK pulses must not overlap.

Note: The RSMP signalis used in CDS sampling mode only. If CDS_EN = 0, there is no requirement to configure RSMP,

and the associated timing constraints do not apply.

The MCLK-aligned trigger is illustrated in Fig. 4-24.

(CIOCk |nput) J_|_|_|_|_-|_ —|_|_|_|_
VSMP_EXT
(tn'ggerinput) | —l
—»! i¢e— VSMP_EXT_DLY
VSMP |1 [ [
< »: RSMP_EXT_DLY
RSMP ] [
AFECK_DUR i« »>
AFECK

Figure 4-24. MCLK-Aligned Trigger (Timing Mode 2)

The data output is formatted as described in Section 4.5. The latency of the output (measured in MCLK cycles) is defined
in Table 4-3, according to the selected data format.

Table 4-3. Data Output Latency

Leading Edge 1 Data Rate 2 Output Latency 34
Positive Single ((7 + Delay) x MCLK cycles per pixel) + 2
Double ((7 + Delay) x MCLK cycles per pixel) + 2
Negative Single ((7 + Delay) x MCLK cycles per pixel) + 1.5
Double ((7 + Delay) x MCLK cycles per pixel) + 2.5

1.The leading edge is configured using DOUT_PHASE.

2.The data rate is configured using DOUT_DDR.

3.Delay is configured in the range 0—3 using DOUT_DLY.

4.MCLK cycles per pixel is the ratio of the MCLK frequency to the VSMP rate

The latency is defined from the rising edge of AFECK (i.e., the internal VSMP falling edge), as shown in Fig. 4-25.

Note the latency is defined from the internal VSMP/AFECK signals. The additional latency from the active VSMP_EXT
edge to the internal VSMP pulse is configurable using VSMP_EXT _DLY.
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4.7 TG Sync and Sequence State Control

The data output latency is illustrated in Fig. 4-25.

NN TUUUUUUUUL

VSMP_EXT |
(trigger input)

VSMP_EXT_DLY
€ _ _

—>
VSMP
AFECK
Output latenc!
DOUTn - P y » T T T [ T T T
(data output) I I O

Figure 4-25. Data Output Latency (Timing Mode 2)

4.7 TG Sync and Sequence State Control

The video input signal is sampled on the falling edge of VSMP, as described in Section 4.6. In typical applications, the
samples represent pixels within a scan pattern; blocks of samples represent successive lines, or different scan colors,
within the scan pattern.

The scan pattern can be referenced to a sequence-state parameter, supporting a maximum of four sequential states. Each
state represents a different portion of the scan pattern; this can be used to reconfigure the input path for different scan
colors, or other functions, for the respective portions of the scan.

The TG Sync input is used to control the sequence state. The sync signal may indicate the start of each scan line, or may
signal intermediate stages within a scan line. The LEDSTART input may also be used, in conjunction with TG Sync signal.

471 Sequence State
The number of sequence states is configured using NUM_SEQ_STATES. A maximum of four states is supported.
The current sequence state is indicated in SEQ_STATE_STS.

The input-path configuration (PGA gain, DC offset, digital gain) can be defined for each sequence state as described in
Section 4.4. The LED drivers can be configured for each sequence state as described in Section 4.8.1.

4.7.2 TG Sync Control

The TG Sync input is used to trigger the sequence-state transitions. Optionally, this can be used in conjunction with the
LEDSTART signal to provide additional control of the sequence states.

The TGSYNC_SINGLE_SEQ bit selects whether the TG Sync triggers a cycle of multiple state transitions (Multiple Mode)
or triggers a single state transition only (Single Mode).

* In Multiple Mode (TGSYNC_SINGLE_SEQ = 0), the TG Sync indicates the start of State 0. The transition to the
next sequence state occurs automatically after the required number of pulse cycles for the current state (configured
using LED_SEQn_END—see Section 4.8.1). At the end of the configured number of sequence states, the current
state is maintained until TG Sync signal indicates the start of the next cycle (i.e., State 0).

If TG Sync is asserted before the end of the configured number of sequence states, the device behavior depends
on TGSYNC_SEQ_RST. If this bit is clear, the ‘early’ TG Sync is ignored. If this bit is set, the TG Sync resets the
sequence to the start of the next cycle (i.e., State 0).

DS1349F1 34
Copyright © 2024-2026 Cirrus Logic, Inc. and Cirrus Logic International Semiconductor Ltd.


https://www.cirrus.com

—m
——mm

—== CIRRUS LOGIC" CS82L41

4.7 TG Sync and Sequence State Control

* In Single Mode (TGSYNC_SINGLE_SEQ = 1), the TG Sync indicates the start of each sequence state. The
transition to the next sequence state occurs when a valid TG Sync pulse is detected. At the end of the configured
number of sequence states, the next TG Sync indicates the start of the next cycle (i.e., State 0).

The state transition occurs at each TG Sync pulse, regardless of the number of pulse cycles configured for the LED
drivers (see Section 4.8.1). Note there is no option to suppress an ‘early’ TG Sync as in Multiple Mode.

The LEDSTART_SEQ_INIT bit selects whether the LEDSTART signal is used (in conjunction with TG Sync) to indicate
the start of State 0. If this bit is clear, the sequence-state transitions are controlled using only the TG Sync input. If this bit
is set, the LEDSTART and TG Sync signals must both be asserted to restart the sequence in State 0.

The TG Sync input is supported on two different pins—TGSYNC or LEDSTART. The applicable input is selected using
TGSYNC_IN_SRC. The polarity of the selected input is configured using TGSYNC_IN_POL. The TG Sync input is timed
with reference to the MCLK signal as shown in Table 3-13; the active MCLK edge is selected using MCLK_SYNC_POL.

A filter can be applied to the selected TG Sync input, to avoid erroneous triggers. The filter is enabled using TGSYNC _
FILT_EN. The external signal is sampled at the pixel rate, and decimated at a rate selected by TGSYNC_FILT_DECM.
The decimated input is tested for a valid transition using the TGSYNC_FILT_STAGE field; for example, if a 6-stage filter
is selected, a valid rising edge is detected if a 0—-0—0—1-1-1 sequence is detected in the decimated input signal. See
Section 4.7.2.1 for additional timing requirements if the filter is enabled.

If LEDSTART_SEQ_INIT is set, LEDSTART indicates the start of State 0. In this configuration, the polarity of the
LEDSTART input is selected using LEDSTART_POL. The LEDSTART input is timed with reference to the MCLK signal
as shown in Table 3-13; the active MCLK edge is selected using MCLK_SYNC_POL.

The TG Sync and LEDSTART functions are supported on multifunction pins, which must be configured for the required
functions as described in Section 4.10.

Multiple-cycle operation with four sequence states is illustrated in Fig. 4-26. The TG Sync pulse triggers the cycle of four
sequence states. The sequence state is initialized in State 0 on each TG Sync pulse.

Tesyne | | | |

Sequence State x State O X State 1 X State 2 X State 3 X State 0

Figure 4-26. Multiple Cycle, TGSYNC Trigger

Single-cycle operation with four sequence states is illustrated in Fig. 4-27. The TG Sync pulse is used to control each
sequence-state transition. At the end of the last state, the sequence state returns to State 0.

Tesyne || L] L] L] L]

Sequence State \ State O X State 1 >< State 2 X State 3 >< State O

Figure 4-27. Single Cycle, TGSYNC Trigger
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4.7 TG Sync and Sequence State Control

Multiple-cycle operation with four sequence states is illustrated in Fig. 4-28. The LEDSTART and TG Sync pulses
(together) trigger the cycle of four sequence states. The sequence state is initialized in State 0 on each trigger event.

LEDSTART [ ]
TGSYNC _|_| | |

Sequence State x State O X State 1 X State 2 X State 3 X State 0

Figure 4-28. Multiple Cycle, LEDSTART + TGSYNC Trigger

Single-cycle operation with four sequence states is illustrated in Fig. 4-29. The TG Sync pulse is used to control each
sequence-state transition. The sequence state is initialized in State 0 using LEDSTART and TG Sync together.

LEDSTART [ | [ ]
TesYNG | | | | | | | | | |

Sequence State x State O X State 1 X State 2 X State 3 X State 0

Figure 4-29. Single Cycle, LEDSTART + TGSYNC Trigger

4.7.21 TGSYNC and LEDSTART Signal Timing

The TGSYNC signal is used to trigger the sequence-state transitions. Optionally, LEDSTART can be used to control the
transition that restarts the sequence in State 0. The signals must conform to the applicable timing requirements.

* The TGSYNC and LEDSTART timing requirements are defined in Table 3-13. Note these requirements assume the
TGSYNC filter is disabled.

* Ifthe TGSYNC filter is enabled (TGSYNC_FILT _EN = 1), the TGSYNC minimum pulse width is defined by the
following equation:
(Filter Stages x Decimation Ratio/2) MCLK cycles

where Filter Stages is the number of filter stages selected by TGSYNC_FILT_STAGE and Decimation Ratio is the
ratio selected by TGSYNC_FILT_DECM.

If the LEDSTART input is used (LEDSTART_SEQ_INIT = 1), the LEDSTART pulse duration must be larger than
the TGSYNC pulse, as illustrated in Fig. 4-30.

MCLK_EXT

-t >
TGSYNC pulse width must exceed minimum
TGSYNC value (dependent on filter settings)
LEDSTART . .
- Ll
LEDSTART active edge LEDSTART inactive edge at least 1 MCLK
before TGSYNC active edge cycle after TGSYNC inactive edge

Figure 4-30. TGSYNC/LEDSTART Timing—TGSYNC Filter Enabled
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4.8 LED Driver Control

4.8 LED Driver Control

Three current-sink LED drivers are provided, supporting independently programmable control. The three-channel
controller is typically used to drive red, green, and blue LED outputs. White LEDs can also be supported. The LED drivers
can be enabled using dedicated hardware pins, or else using an internal pulse waveform derived from a clock counter and
the sequence state.

Note: The LED drivers are only supported if a valid VSMP signal is present. See Section 4.6 for further details of VSMP.

The LED control functions are enabled using LEDR_EN, LEDG_EN, and LEDB_EN for the red, green, and blue channels
respectively.

The control source for the LED drivers is selected using LED_CTRL_SRC. The selection applies to all LED channels.
» Ifthe hardware pin is selected, the LED is enabled if the respective pin is asserted high (Logic 1). The switching

edges are synchronized to the MCLK_EXT clock input in order to reduce asynchronous noise in the system.

The LED control inputs are supported on multifunction pins, which must be configured for the respective function
as described in Section 4.10.

« Ifiinternal control is selected, the LED is enabled using the LED_CLK pulse waveform. The LED_CLK signal is
configurable for different sequence-state conditions as described in Section 4.8.1.

The external connections for the LED drivers are illustrated in Fig. 4-31. An external resistor, connected to ILED_CTRL,
is used to calibrate the output current of the LED drivers.

VDD
o
CS82L41 x Yy ¥y
ILED_R
ILED_G
ILED_B
10 kQ
ILEDCTRLﬂl
GND

Figure 4-31. LED Output Drivers

4.8.1 Internal Timing Control (LED_CLK)

If the internal control source is selected, the LED drivers are enabled using the LED CLK pulse waveform. The LEDs are
enabled for a selected number of pulse cycles in each sequence state; different duty cycle and timing patterns can be
configured according to the current sequence state.

The LED_CLK signal is derived using a division of the MCLK frequency, configured using LED_CLK_DIV. The divided
MCLK controls the resolution (or step size) of the LED_CLK period and duty-cycle parameters.

The LED_CLK period is configured for each sequence state using LED_SEQn_PERIOD (where n is 0-3 for the respective
sequence state). The LED_CLK duty cycle is configured using LED_SEQn_DUTY.

The LED drivers are enabled for selected pulse cycles in each sequence state. The LED _SEQn_START field selects the
first pulse cycle in which the LED driver is enabled for the respective state; the LED SEQn_END field configures the last
pulse cycle in which the LED driver is enabled.

The LED drivers can be selectively enabled for individual sequence states using LEDx_SEQ_SEL. Each bit within these
fields enables the LED driver in the corresponding state.
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4.8 LED Driver Control

The LED_CLK signal and LED timing are illustrated in Fig. 4-32.

TG Sync |_|
Seq. State X State n >< State n+1

LED_SEQn_PERIOD = LED clock period

LED_SEQn_DUTY =LED duty cycle —#»  ia—

wex [ LTI J JL
LED Enable [ ] [ ] [ ] 1l j

» LED_SEQn_START
First pulse cycle for LED enable LED_SEQn_END

-

» Last pulse cycle for LED enable

A
Y

A

A

Figure 4-32. LED_CLK Timing Control

4.8.2 Current Control

The output current of each LED driver is configured using coarse and fine controls. The maximum available output current
is configured using the coarse control, LEDx_COARSE. The output current is selected—from zero to the configured
maximum—using the fine control, LEDx_FINE. The fine control provides an 8-bit resolution to set the output current
between zero and the configured maximum (coarse) level.

Notes: If the sum of the coarse current selections in the enabled channels exceed the maximum limit (123 mA in typical
combinations), the current levels are automatically restricted to a maximum of 41 mA; the maximum current limit
is assured, but the accuracy may be outside the specified tolerance (see Table 3-4).

The LED drivers must be disabled before changing the coarse current control. The host should confirm the
CS82L41 is in the Idle State (see Section 4.2) before changing the coarse current control.

When an LED driver is enabled/disabled, or the fine current level is changed, the respective current sink ramps up/down
to the configured level. The ramp rate is configurable using LED RAMP_TIME. If the fine current level is changed while a
ramp is in progress, the current sink ramps up/down to the new level.

The ramp rate can be modified using LED_RAMP_BOOQOST, allowing slew rates 2x or 4x faster than the LED _RAMP_TIME
rate. Some restrictions are applicable on these faster rates, as noted in the register-field description.

The current ramp uses the MCLK_EXT input as a timing reference. The MCLK_FREQ field must be configured according
to the frequency of MCLK_EXT input.

4.8.3 Fault Detection
The LED drivers are protected in case of fault conditions. Error conditions are indicated using the following control bits:

+ LED_MAX_CURRENT_ERR—indicates sum of the coarse current levels (in the enabled channels) exceeds the
maximum limit. If this bit is set, the fine current levels are automatically restricted to a maximum of 41 mA.

+ LED_CTRL_SHORT_ERR—indicates a short circuit on the external ILED_CTRL resistor.

If a short circuit is detected, the LED drivers are shut down and the CS82L41 enters the Error State. See Section 4.2.1 for
further details.

Note there is no specific indication of an open circuit on the external ILED_CTRL resistor, but the LED drivers are protected
and disabled in this event.
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4.9 Control Interface

If an LED output pin is shorted to a supply rail, the driver maintains the selected current through the pin, resulting in
increased voltage drop across the internal circuits. The current drawn from the supply is protected, but thermal dissipation
in the CS82L41 is increased.

4.9 Control Interface

The CS82L41 incorporates a SPI control port, using the SPI_CS, SPI_SCK, SPI_SDI, and SPI_SDO pins.
The SPI_CS pin provides the chip-select input (active low). Clocking for the input/output data is supported using SPI_SCK.
The SDI (data-input) pin supports the following behavior:

* In write operations (R/W = 0), the SDI pin input is driven by the controlling device.
* Inread operations (R/W = 1), the SDI pin is ignored following receipt of the valid register address.

The SDO (data-output) pin is multiplexed with DOUT4 and supports the following behavior:
+ IfCSis deasserted (Logic 1), the pin function is DOUT4, supporting sample-data output. See Section 4.5 for details

of the output data formats.

« IfCSis asserted (Logic 0), the pin function is SDO, supporting control-port operations. The output is actively driven
when outputting control data and is high impedance at other times. Note that sample-data output is interrupted
during any SPI control port transaction.

* The high-impedance state of the SDO output allows the pin to be shared with other peripheral devices.
» The output (SDO) data bit is available to the host device at the rising edge of SCK. See Table 3-16 for timing
information.
The SPI interface uses a 7-bit register address and 8-bit data words. A read/write bit is also used to select the transaction
type.

The register map is arranged in 8 banks, each containing 128 registers. By selecting different banks, all of the CS82L41
control registers can be accessed using the 7-bit register address.

The current bank is configured using BANK. This field is supported at register address 0x00 in all banks, and can therefore
be accessed in the same way regardless of which bank is currently selected.

Continuous read and write modes enable multiple register operations to be scheduled faster than is possible with single
register operations. In these modes, the CS82L41 automatically increments the register address at the end of each data
word, for as long as CS is held low and SCK is toggled. Successive data words can be input/output every 8 clock cycles.

Fig. 4-33 shows a single register write to a specified address.

cs 1 F
S R R EE RN E S ERE A ERERERE K a il »
SDI [RW[ A6 As[ M A3 A2[AM[A0[B7[B6[B5]B4[ B3] B2]B1][B0]
- - -
7-bit register address 8-bit data word

Figure 4-33. Control Interface SPI Register Write
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4.9 Control Interface

Fig. 4-34 shows a single register read from a specified address.

cs ¥ £
SCK EIEIENE RN E R E R,
SDI [RW[ABTASTAMTASTARJTAMTA] X XTI XXX X[ X]X]
SDO [B7[B6[B5|B4] B3] B2] B1 ][ BO]
P e )
7-bit register address 8-bit data word

Figure 4-34. Control Interface SPI Register Read

49.1 Shared Bus Mode

The CS82L41 can be configured in Shared Bus Mode, where the SPI control interface and the digital data output are
supported on shared pins. This can be used to reduce the number of /O connections to the host interface.

In Shared Bus Mode, the DOUT1-DOUTS3 outputs are disabled (Hi-Z) whenever SPI_CS is asserted. This allows the two
interfaces to be connected together and used in turn.

Note: The DOUT4 output is also disabled (HiZ) whenever SPI_CS is asserted; this is the default behavior for the shared
DOUT4/SPI_SDO pin, as described in Section 4.9.

Typical connections for Shared Bus Mode are shown in Fig. 4-35.

Analog Input 1 1 IN1 DOUT >
DOUT2 >
oUT3

CS82L41

DOUT4/SPI_SDO )
Controller device

SPI_SDI |«
SPI_SCK |«
SPI_CS |«
— s ILEDR
—  »ILED G
— »ILED B TGSYNC1 |«
MCLK_EXT |

Figure 4-35. Shared Bus Mode

Shared Bus Mode is enabled using SHARED_BUS_MODE. If this bit is set, the DOUTn pins are controlled to allow these
pins to be shared with the SPI control interface. The DOUTn pins are Hi-Z when SPI_CS is asserted (Logic 0), allowing
the host to access the control registers using the SPI interface.

In a typical application, the host configures the device in the Idle State (see Section 4.2). When the host selects the Active
State, the data output commences after SPI_CS is deasserted high. The data output ceases when SPI_CS is asserted
low.

Note: The DOUTn output pins are enabled in the Ready State (the data bits are held at 0). If the SPI and DOUT pins
are connected on the PCB, the Shared Bus Mode must be enabled prior to selecting the Ready State in order to
avoid bus contention.

The DOUT1-DOUT3 pins can be shared with the SPI_SDI and SPI_SCK pins in any configuration; the
connections shown in Fig. 4-35 are an example configuration only.
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4.10 Pin Configuration and General-Purpose Input/Output

4.10 Pin Configuration and General-Purpose Input/Output

Many of the digital input/output functions are supported on multifunction pins. These pins are used for sample/frame timing
control and LED control inputs. General-purpose input/output is also supported.

4.10.1 Pin Function Select

The multifunction pins are configured for the required function using the control fields described in Table 4-4.

Table 4-4. Pin Function Select

Pin Name Control Field Selection Reference
LEDR_EN/TGSYNC/ LEDR_EN_FN 00 = Red LED control input Section 4.8
GPIO1 01 = TGSYNC input Section 4.7.2

10 = General-purpose input/output 1 |Section 4.10.2
11 = Reserved —
LEDG_EN/LEDSTART/ LEDG_EN_FN 00 = Green LED control input Section 4.8
GPI02 01 = LEDSTART Section 4.7.2
10 = General-purpose input/output 2 |Section 4.10.2
11 = Reserved —

LEDB_EN/RSMP_EXT1/ LEDB_EN_FN 00 = Blue LED control input Section 4.8

GPI103 01 = RSMP input 1 [1] Section 4.6.1
10 = General-purpose input/output 3 |Section 4.10.2
11 = Monitor/test input Section 4.11

RSMP_EXT2/GPIO4 RSMP_EXT2_FN 0 = General-purpose input/output 4 | Section 4.10.2
1 =RSMP input 2[1.2] Section 4.6.1

1.The RSMP input can also be used to control the input clamp, as described in Section 4.4.3.
2.Not supported if LEDB_EN_FN = 01; in this case, the GPIO4 function applies.

4.10.2 General Purpose Input/Output

The CS82L41 supports general-purpose (GP) input/output on selected digital I/0 pins. The input function can be used to
allow readback of hardware signals from other devices. The output function can be used to control other devices.

The general-purpose inputs are multiplexed with other pin functions. Each pin is configured for GP input/output using the
respective x_FN field as noted in Table 4-4.

The general-purpose /O functions are configured as input by default. The output function is enabled by setting the
respective GPx_DIR bit.

« If a pinis configured for GP input, the logic level is indicated using GPx_IN_STS.
» If a pinis configured for GP output, the output level is controlled using GPx_OUT _LVL.

4.10.3 Digital I/0 Pin Configuration

The digital I/O pins are configurable to support flexible integration with other devices. Configurable options are provided
for all of the digital I/O listed in Table 1-1—this includes MCLK input, data output, and the multifunction pins listed in
Table 4-4.

Integrated pull-up and pull-down resistors are configured and enabled using the respective x_PULL fields. A bus-keeper
function can also be enabled using the x_PULL fields; the bus-keeper holds the logic level unchanged whenever the pin
is undriven (e.g., if the signal is tristated).

The drive strength for CMOS digital output is configured using x DRV_STR.
The input function on each pin is enabled using x_IE. This bit must be set to support input functions on the respective pin.

The pins can be configured in a high-impedance state using x_HIZ_EN. Note that, to configure the high-impedance state,
the pull-up and pull-down resistors must also be disabled using x_PULL.
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4.11 Debug Monitor Output

4.11 Debug Monitor Output

The MON output allows internal clock signals to be monitored externally for timing set-up and debug purposes. The MON
function is supported on a multifunction pin, which must be configured for monitor output as described in Section 4.10.

The MON output is configured using MON_SEL. The following output signals are supported:

*  VSMP—video sample control
* RSMP—reset sample control
*+ AFECK—ADC sample/conversion control

If using the monitor output to configure the signal timing for an application, it is recommended to take account of the
propagation delay from the internal signal to the monitor output. The propagation delay is defined in Table 3-15.

4.12 Device ID

The device ID, and other associated data, can be read from the control fields listed in Table 4-5.

Table 4-5. Device ID

Label Description
DEVID Device ID
AREVID All-layer device revision
MTLREVID Metal-layer device revision
RELID Software device revision
DESCRIM Device identifier (readback value 0xC)
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5 Applications

5 Applications

5.1 Output Code Calculation

The digital output code associated with a given analog input voltage is dependent on how the analog input path is
configured (see Section 4.4), and on the selected data-output format (see Section 4.5). This section describes a
calculation that can be used to predict the digital output code for a given configuration.

The digital output code can be derived as follows:
1. Calculate VOFFSET = (VREF / 3.6) X ((2 x CH1_SEQn_OFFSET / 511 ) - 1)
where VRrer = internal reference voltage (1.2 V)
2. Calculate Vpga_inpuT @ccording to the applicable sampling mode:
* InCDS Mode (CDS_EN = 1), Vpga_iNpuT = Vvsmp — VRsvP
where Vygpp = video sample level, and Vrsup = reset sample level
* Innon-CDS Mode (CDS_EN = O), VPGA_INPUT = VVSMP - VBIAS
where Vygyp = video sample level, and Vg|as = bias voltage
if the internal bias is enabled, the bias voltage is configured using VBIAS_LVL
3. Calculate Vpga_output = GAIN x ((Vpga_INpuT * (1 — (2 x CH1_POL))) — VorrseT)
where GAIN = PGA gain represented by CH1_SEQn_AGAIN
4. Calculate the ADC output code:

RES -1

\% -V x 2
ADC output code = max[min[( pea output — VREF)

+2RES—1’ 2RES_ 1} Oj
VREF

where RES = number of data bits in selected output format

Note: The calculation assumes default digital gain of 1 V/V (CH1_SEQn_DGAIN = 0x800)

5.1.1 Example Calculation—CDS Mode
Using example data, the digital output code can be calculated as follows:
® VREF =12V
° VVSMP =10V
® VRSMP =25V
» Offset code (CH1_SEQn_OFFSET) = 256
* PGA gain (CH1_SEQn_AGAIN) =1 V/V
* Polarity (CH1_POL) =1
* Output data resolution = 16 bits
Calculate Voppset = (1.2/3.6) % ((2 x 256 / 511) — 1) = 0.000652 V
Calculate VPGA_INPUT =1.0-25=-15V
Calculate Vpga_output =1 % ((-1.5 % (1 = (2 % 1))) — 0.000652 V) = 1.499348 V

Calculate the ADC output code:

(1.499348 — 1.2) x 2"
1.2

ADC output code = max(min( +215,21671),0) — max(min(40942, 65535),0) = 40942
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5.1 Output Code Calculation

5.1.2 Example Calculation—Non-CDS Mode

Using example data, the digital output code can be calculated as follows:
° V|N =23V
° VREF =12V
° VBIAS =10V
» Offset code (CH1_SEQn_OFFSET) = 256
* PGA gain (CH1_SEQn_AGAIN) =1 V/V
* Polarity (CH1_POL)=0
* Output data resolution = 16 bits
Calculate Voppset = (1.2/3.6) % ((2 x 256 / 511) — 1) = 0.000652 V

Calculate VPGA_INPUT =23-10=13V
Calculate Vpga output =1 % ((1.3 x (1 - (2 x 0))) — 0.000652) = 1.299348 V
Calculate the ADC output code:

15
ADC output code = max(min((1'2993481;1'2)xz +2%%,2"°1),0) = max(min(35481, 65535). 0) — 35481
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6 Register Quick Reference

6 Register Quick Reference

This section gives an overview of the control port registers. Refer to the following bit definition tables for bit assignment
information.

» This register view is for the CS82L41 imaging AFE/ADC, using the banked host-interface configuration.

* The register field default values are established on power-up and after soft reset.

A"—"represents a reserved field/access type.

* The reserved field values must not be modified.

» The registers are 8 bits wide.

» All visible fields are read/write except where indicated with the following shading:

|:| Read/write access |:| Read-only access |:| Write-only access

Table 6-1. Bank Overview

. . Register
Block Name Relg;sf:;;s;gck Desgription
Reference

BANKO—Hardware 1D, Clocking, MSM, Output Format, Control Keys, Pad 1/O, Control Interface Section 6.1 Section 7.1
BANK1—DAC, PGA, DGAIN, SARADC, LED Control Section 6.2 Section 7.2
BANK2—MSM Section 6.3 Section 7.3
BANK3—MSM Section 6.4 Section 7.4

6.1 BANKO—Hardware ID, Clocking, MSM, Output Format, Control Keys, Pad 1/0, Control

Interface

Address Register 7 | 6 | 5 4 3 2 | 1 | 0
0x00 |BANK DESCRIM — BANK
p. 51 1 1 0 0 0 0 0 0
0x04 |ASYNCO_0 — ACTIVE_ERROR_| TEMP_ERROR_ — MCLK_ERROR_ | STARTUP_ | BOOT_ERROR_

STS STS STS ERROR_STS STS
p. 51 0 0 0 0 0 0 0 0
0x05 |ASYNCO_1 — 0SC_DISABLE
p.52 0 0 0 0 0 0 0 0
0x08 |SFT_RESET SFT_RESET
p. 52 0 0 0 0 0 0 0 0
0x0C |DEVID_0 DEVID_0
p. 52 X X X X X X X X
0x0D | DEVID_1 DEVID_1
p. 52 X X X X X X X X
0xOE |DEVID_2 DEVID_2
p. 52 X X X X X X X X
0x10 |REVID AREVID MTLREVID
p. 52 1 0 1 0 0 0 0 0
0x14 |RELID RELID
p. 53 0 0 0 0 0 0 0 0
0x20 |CCM_AFECLK_CFG_0 — TIMING_MODE | CLAMP_OVRD | CLAMP_EN | CLAMP_MODE CDS_EN
p. 53 0 0 0 0 0 0 0 0
0x21 | CCM_AFECLK_CFG_1 — AFECK_DUR
p. 53 0 0 0 0 0 0 0 1
0x22 |CCM_AFECLK_CFG_2 RSMP_EXT_DLY VSMP_EXT_DLY VSMP_EXT_POL
p.53 0 0 1 0 0 0 0 0
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6.1 BANKO
Address Register 7 6 5 4 3 2 1 0
0x28 |DEVICE_CTRL_0 LDO4_EN SHAI;A%DD_SUS_ — ACTIVE_EN READY_EN MSM_EN
p. 54 0 0 0 0 0 0 0 1
0x29 |DEVICE_CTRL_1 TEMP_ERROR_ — TEMP_ERROR_ —
RST_MASK CLR
p. 54 0 0 0 0 0 0 0 0
0x2A [DEVICE_CTRL_2 LDO4_HIZ — LDO_EN_MASK LDO5_EN LDO?/_ ';IE:IMIT_ LDO5_ILIMIT_CTRL
p. 55 0 0 0 0 1 0 0 0
0x2B [DEVICE_CTRL_3 — LDO5_vOouT
p. 55 0 0 0 0 0 0 0
0x2C |RLCDAC_CTRL_0 — VBIAS_EN
p. 55 0 0 0 0 0 0 0 0
0x2D |RLCDAC_CTRL_1 — VBIAS_LVL
p. 56 0 0 0 0 0 0 0 0
0x2E [RLCDAC_CTRL_2 — VBIAS_ISEL VBIAS_ISEL VBIAS_REF
BOOST
p. 56 0 0 0 0 0 0 0 1
0x30 |OP_FORMAT_CFG1_0 — DOUT_CONFIG | DOUT_PHASE DOUT_DLY DOUT_DDR
p. 56 0 0 0 1 0 0 1
0x31 |OP_FORMAT_CFG1_1 — TEST_PATT_DIR | TEST_PATT_EN
p. 56 0 0 0 0 0 0 0 0
0x40 |LED_EN_SEL_0 RSMP_EXT2_FN — LEDB_EN_FN LEDG_EN_FN LEDR_EN_FN
p. 57 0 0 0 1 0 1 0 1
0x42 |LED_EN_SEL_2 — MON_SEL —
p. 57 0 0 0 0 0 0 0 0
0x44 | GPI_VAL_0 — GP4_IN_STS GP3_IN_STS GP2_IN_STS GP1_IN_STS —
p.57 0 0 0 X X X X 0
0x46 |GPI_VAL_2 — GP4_DIR GP3_DIR GP2_DIR GP1_DIR —
p. 58 0 0 0 0 0 0 0 0
0x47 |GPI_VAL_3 — GP4_OUT_LVL | GP3_OUT_LVL | GP2_OUT_LVL | GP1_OUT_LVL —
p. 58 0 0 0 0 0 0 0 0
0x48 |CMOS_CFG_0 — DOUT4_SPI_SDO_DRV_STR DOUT4_SPI_SDO_PULL DOUT4_SPI_ DOUT4_SPI_
SDO_HIZ_EN SDO_IE
p. 59 0 0 0 1 1 0 0 1
0x49 |CMOS_CFG_1 — SPI_SDI_DRV_STR SPI_SDI_PULL SPI_SDI_HIZ_EN SPI_SDI_IE
p. 59 0 0 0 1 1 0 0 1
0x4A |CMOS_CFG_2 — SPI_SCK_PULL — SPI_SCK_IE
p. 59 0 0 0 1 1 0 0 1
0x4B |CMOS_CFG_3 — SPI_CS_PULL — SPI_CS_IE
p. 60 0 0 0 1 1 0 0 1
0x4D |MCLK_CFG — MCLK_PULL MCLK_HIZ_EN MCLK_IE
p. 60 0 0 0 1 1 0 0 1
0x50 |LED_EN_CFG_0 — LEDR_EN_TGSYNC_GPIO1_DRV_STR LEDR_EN_TGSYNC_GPIO1_PULL LEDR_EN_ LEDR_EN_
TGSYNC_GPIO1_| TGSYNC_GPIO1_
HIZ_EN IE
p. 60 0 0 0 1 1 0 0 1
0x51 |LED_EN_CFG_1 — LEDG_EN_LEDSTART_GPIO2_DRV_STR LEDG_EN_LEDSTART_GPIO2_PULL LEDG_EN_ LEDG_EN_
LEDSTART_ LEDSTART_
GPIO2_HIZ_EN GPIO2_IE
p. 61 0 0 0 1 1 0 0 1
0x52 |LED_EN_CFG_2 — LEDB_EN_MON_RSMP_EXT_GPIO3_DRV_STR LEDB_EN_MON_RSMP_EXT_ LEDB_EN_MON_ | LEDB_EN_MON_
GPIO3_PULL RSMP_EXT_ RSMP_EXT_
GPIO3_HIZ_EN GPIO3_IE
p. 61 0 0 0 1 1 0 1
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6.2 BANK1
Address Register 6 5 4 3 2 1 0
0x53 |LED_EN_CFG_3 RSMP_GPIO4_DRV_STR RSMP_GPIO4_PULL RSWZG;LO‘L RSMP_GPI04_IE
p. 61 0 0 1 1 0 0 1
0x54 |VSMP_EXT_CFG VSMP_EXT_DRV_STR VSMP_EXT_PULL VSMP?E)[\ET?HIZ? VSMP_EXT_IE
p. 62 0 0 1 1 0 0 1
0x58 |DOUT_CFG_0 DOUT1_DRV_STR DOUT1_PULL DOUT1_HIZ_EN |  DOUTI_IE
p. 62 0 0 1 1 0 0
0x59 |DOUT_CFG_1 DOUT2_DRV_STR DOUT2_PULL DOUT2_HIZ_EN |  DOUT2_IE
p. 63 0 0 1 1 0 0
Ox5A |DOUT_CFG_2 DOUT3_DRV_STR DOUT3_PULL DOUT3 HIZ_EN |  DOUT3_IE
p. 63 0 0 1 1 0 0
6.2 BANK1—DAC, PGA, DGAIN, SARADC, LED Control
Address Register 6 | 5 4 3 2 1 0
0x00 |BANK DESCRIM — BANK
p. 63 1 0 0 0 0 0 0
0x04 |ASYNCO_0 ACTIVE_ERROR_| TEMP_ERROR_ — MCLK_ERROR_ | STARTUP_ | BOOT_ERROR_
STS STS STS ERROR_STS STS
p. 64 0 0 0 0 0 0 0
0x05 |ASYNCO_1 — 0SC_DISABLE
p. 64 0 0 0 0 0 0 0
0x08 |SFT_RESET SFT_RESET
p. 64 0 0 0 0 0 0 0
0x10 |DAC_CTRL_OFSO01_CH1_ CH1_SEQ0_OFFSET_0
p. 65 0 0 0 0 0 0 0 0
0x11  |DAC_CTRL_OFS01_CH1_ — CH1_SEQ0_
1 OFFSET_1
p. 65 0 0 0 0 0 0 1
0x12 |DAC_CTRL_OFSO01_CH1_ CH1_SEQ1_OFFSET_0
p. 65 2 0 0 0 0 0 0 0
0x13 |DAC_CTRL_OFSO01_CH1_ — CH1_SEQ1_
3 OFFSET_1
p. 65 0 0 0 0 0 0 1
0x14 |DAC_CTRL_OFS23_CH1_ CH1_SEQ2_OFFSET_0
p. 66 0 0 0 0 0 0 0 0
0x15 |DAC_CTRL_OFS23_CH1_ — CH1_SEQ2_
1 OFFSET_1
p. 66 0 0 0 0 0 0 1
0x16 |DAC_CTRL_OFS23_CH1_ CH1_SEQ3_OFFSET_0
p. 66 2 0 0 0 0 0 0 0
0x17 |DAC_CTRL_OFS23_CH1_ — CH1_SEQ3_
3 OFFSET_1
p. 66 0 0 0 0 0 0 1
0x1C  |PGA_CTRL_AGAIN_CH1_ CH1_SEQ0_AGAIN
o.67 |° 0 0 0 0 0 0 0
0x1D |PGA_CTRL_AGAIN_CH1_ CH1_SEQ1_AGAIN
o.67 | 0 0 0 0 0 0 0
Ox1E | PGA_CTRL_AGAIN_CH1_ CH1_SEQ2_AGAIN
0.67 |2 0 0 0 0 0 0 0
0x1F | PGA_CTRL_AGAIN_CH1_ CH1_SEQ3_AGAIN
0.67 |° 0 0 0 0 0 0 0
0x20 |DGAIN_SEQO1_CH1_0 CH1_SEQ0_DGAIN_0
p. 68 0 0 0 0 0 0 0
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6.2 BANK1
Address Register 7 | 6 5 4 3 2 1 | 0
0x21 |DGAIN_SEQO1_CH1_1 — CH1_SEQO_DGAIN_1
p. 68 0 0 0 0 1 0 0 0
0x22 |DGAIN_SEQO1_CH1_2 CH1_SEQ1_DGAIN_0
p. 68 0 0 0 0 0 0 0 0
0x23 | DGAIN_SEQO1_CH1_3 — CH1_SEQ1_DGAIN_1
p. 68 0 0 0 0 1 0 0 0
0x24 |DGAIN_SEQ23_CH1_0 CH1_SEQ2_DGAIN_0
p. 69 0 0 0 0 0 0 0 0
0x25 |DGAIN_SEQ23_CH1_1 — CH1_SEQ2_DGAIN_1
p. 69 0 0 0 0 1 0 0 0
0x26 | DGAIN_SEQ23_CH1_2 CH1_SEQ3_DGAIN_0
p. 69 0 0 0 0 0 0 0 0
0x27 |DGAIN_SEQ23_CH1_3 — CH1_SEQ3_DGAIN_1
p. 69 0 0 0 0 1 0 0 0
0x28 |DGAIN_REF_CH1_0 CH1_SEQO_DGAIN_REF
p. 70 0 0 0 0 0 0 0 0
0x29 |DGAIN_REF_CH1_1 CH1_SEQ1_DGAIN_REF
p. 70 0 0 0 0 0 0 0 0
0x2A | DGAIN_REF_CH1_2 CH1_SEQ2_DGAIN_REF
p. 70 0 0 0 0 0 0 0 0
0x2B | DGAIN_REF_CH1_3 CH1_SEQ3_DGAIN_REF
p. 70 0 0 0 0 0 0 0 0
0x2D [SAR1_CTRL_1 — CH1_POL —
p. 70 0 0 0 0 0 0 0 0
Ox2F |SARI_CTRL_3 — CH1_AFE_POWER
p. 71 0 0 0 0 0 0 1 1
0x40 |LED_CTRL_CONFIG_0 — LED_CTRL_SRC |  LEDB_EN LEDG_EN LEDR_EN
p. 71 0 0 0 0 0 0 0 0
0x41 |LED_CTRL_CONFIG_1 — LED_RAMP_TIME
p. 71 0 0 0 0 0 0 0 0
0x42 |LED_CTRL_CONFIG_2 LED_RAMP_BOOST LEDB_COARSE LEDG_COARSE LEDR_COARSE
p. 71 0 0 0 0 0 0 0 0
0x43 |LED_CTRL_CONFIG_3 MCLK_FREQ
p.72 0 0 0 0 1 0 1 0
0x44 |LEDX_FINE_O LEDR_FINE
p.72 0 0 0 0 0 0 0 0
0x45 |LEDX_FINE_1 LEDG_FINE
p.72 0 0 0 0 0 0 0 0
0x46 |LEDX_FINE_2 LEDB_FINE
p.72 0 0 0 0 0 0 0 0
0x48 | TG_FILT_CONFIG_0 — LEDSTART_POL — TGSYNC_IN_POL TGSYNC_IN_SRC
p.72 0 0 0 0 0 1 0 0
0x49 | TG_FILT_CONFIG_1 MCLIé _Oslj(Nc_ TGSYNC_FILT_STAGE TGSYNC_FILT_DECM TGSYI\IIE%_FILT_
p.73 0 1 0 0 0 1 1 0
0x4C  |PWM_CONFIG_0 LED_CLK_DIV — NUM_SEQ_STATES
p.73 0 0 0 0 0 0 0 0
0x4D | PWM_CONFIG_1 LEDG_SEQ_SEL LEDR_SEQ_SEL
p. 74 0 0 0 0 0 0 0 0
Ox4E |PWM_CONFIG_2 — LEDB_SEQ_SEL
p. 74 0 0 0 0 0 0 0 0
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6.2 BANK1
Address Register 6 5 4 3 0
0x4F |PWM_CONFIG_3 TGSYNC_SEQ_ TGSYNC_ LEDSTART_SEQ_ IN_SEQ_SEL ACYC_EN
RST SINGLE_SEQ INIT
p. 74 0 0 0 0 1
0x50 |PWM_S0_CFG_0 LED_SEQO_PERIOD_0
p.75 0 0 0 0
0x51 |PWM_S0_CFG_1 LED_SEQO_PERIOD_1
p.75 0 0 0 0 0
0x52 |PWM_S0_CFG_2 LED_SEQ0_DUTY_0
p.75 0 0 0 0 0
0x53 |PWM_S0_CFG_3 LED_SEQO_DUTY_1
p.75 0 0 0 0 0
0x54 |PWM_S1_CFG_0 LED_SEQ1_PERIOD_0
p.75 0 0 0 0
0x55 |PWM_S1_CFG_1 LED_SEQ1_PERIOD_1
p.76 0 0 0 0 0
0x56 |PWM_S1_CFG_2 LED_SEQ1_DUTY_0
p.76 0 0 0 0 0
0x57 |PWM_S1_CFG_3 LED_SEQ1_DUTY_1
p.76 0 0 0 0 0
0x58 |PWM_S2_CFG_0 LED_SEQ2_PERIOD_0
p.76 0 0 0 0
0x59 |PWM_S2_CFG_1 LED_SEQ2_PERIOD_1
p.76 0 0 0 0 0
O0x5A [PWM_S2_CFG_2 LED_SEQ2_DUTY_0
p. 77 0 0 0 0 0
0x5B  [PWM_S2_CFG_3 LED_SEQ2_DUTY_1
p. 77 0 0 0 0 0
0x5C |PWM_S3_CFG_0 LED_SEQ3_PERIOD_0
p. 77 0 0 0 0
0x5D |PWM_S3_CFG_1 LED_SEQ3_PERIOD_1
p. 77 0 0 0 0 0
Ox5E |PWM_S3_CFG_2 LED_SEQ3_DUTY_0
p. 77 0 0 0 0 0
0x5F |PWM_S3_CFG_3 LED_SEQ3_DUTY_1
p.78 0 0 0 0 0
0x60 |LED_START_STOP1_0 LED_SEQO_START
p.78 0 0 0 0 0
0x61 |LED_START_STOP1_1 LED_SEQO_END
p.78 0 0 0 0 0
0x62 |LED_START_STOP1_2 LED_SEQ1_START
p.78 0 0 0 0 0
0x63 |LED_START_STOP1_3 LED_SEQ1_END
p.79 0 0 0 0 0
0x64 |LED_START_STOP2_0 LED_SEQ2_START
p.79 0 0 0 0 0
0x65 |LED_START_STOP2_1 LED_SEQ2_END
p.79 0 0 0 0 0
0x66 |LED_START_STOP2_2 LED_SEQ3_START
p.79 0 0 0 0 0
0x67 |LED_START_STOP2_3 LED_SEQ3_END
p. 80 0 0 0 0 0
0x68 |LED_CTRL_STATUS SEQ_STATE_STS LED_MAX_ LED_CTRL_
CURRENT_ERR | SHORT_ERR
p. 80 0 0 0 0 0
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6.3 BANK2
Address Register 7 5 4 2 1 0
0x00 |BANK DESCRIM BANK
p. 80 1 0 0 0 0 0
0x04 |ASYNCO_0 ACTIVE_ERROR_| TEMP_ERROR_ MCLK_ERROR_ STARTUP_ BOOT_ERROR_
STS STS STS ERROR_STS STS
p. 81 0 0 0 0 0 0
0x05 |ASYNCO_1 — OSC_DISABLE
p. 81 0 0 0 0 0 0
0x08 |SFT_RESET SFT_RESET
p. 81 0 0 0 0 0 0
0x10 |DEVICE_STATUS_0 ERROR_STS ACTIVE_STS READY_STS IDLE_STS STARTUP_STS
p. 81 0 0 0 0 0
0x12 |DEVICE_STATUS_2 VDDA_STS
p. 82 0 0 0 1 0 0
Address Register 7 5 4 2 1 0
0x00 [BANK DESCRIM BANK
p. 82 1 0 0 0 0 0
0x04 |ASYNCO0_0 ACTIVE_ERROR_| TEMP_ERROR_ MCLK_ERROR_ STARTUP_ BOOT_ERROR_
STS STS STS ERROR_STS STS
p. 82 0 0 0 0 0 0
0x05 |ASYNCO_1 — OSC_DISABLE
p.83 0 0 0 0 0 0
0x08 |SFT_RESET SFT_RESET
p. 83 0 0 0 0 0 0
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7 Register Descriptions

7 Register Descriptions

This section describes each of the control port registers.

This register view is for the CS82L41 imaging AFE/ADC, using the banked host-interface configuration.
The register field default values are established on power-up and after soft reset.

A "—"represents a reserved field/access type.

The reserved field values must not be modified.
The registers are 8 bits wide.

All visible fields are read/write except where indicated with the following shading:

|:| Read/write access

|:| Read-only access |:| Write-only access

7.1 BANKO—Hardware ID, Clocking, MSM, Output Format, Control Keys, Pad 1/0, Control
Interface
711 BANK BANKn (n = 0-7) Address: 0x00
7 6 5 4 3 2 1 0
DESCRIM — BANK
Access RO — RW
Default 1 1 0 0 0 0 0 0
Bits Name Description
74 DESCRIM Read-only device identifier field. Readback value is 0xC.
3 — Reserved
2:0 BANK Selects the active bank for SPI access.
000 = (Default) Bank 0 100 = Bank 4
001 = Bank 1 101 = Bank 5
010 = Bank 2 110 = Bank 6
011 =Bank 3 111 =Bank 7
7.1.2 ASYNCO 0 BANKn (n = 0-7) Address: 0x04
RO 7 6 5 4 3 2 1 0
— ACTIVE_ERROR_STS| TEMP_ERROR_STS — MCLK_ERROR_sTs | STARTUPERROR_ | goor_ERROR STS
Default 0 0 0 0 0 0 0 0
Bits Name Description
7:6 — Reserved
5 ACTIVE_ERROR _ |[Path error status. Indicates an error condition in the Active or Ready states.
STS 0 = (Default) Normal
1 = Error
4 | TEMP_ERROR_STS | Temperature error status. Indicates an overtemperature condition has been detected.
0 = (Default) Normal
1 = Error
3 — Reserved
2 MCLK_ERROR_STS |MCLK error status. Indicates MCLK is invalid or absent in the Idle State.
0 = (Default) Normal
1 = Error
1 STARTUP_ERROR_ |Start up error status. Indicates an error detected during start-up.
STS 0 = (Default) Normal
1 = Error
0 |BOOT_ERROR_STS |Boot error status. Indicates an error detected during boot.
0 = (Default) Normal
1 = Error
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7.1 BANKO
7.1.3 ASYNCO 1 BANKn (n = 0-7) Address: 0x05
RwW 7 6 5 4 | 3 2 1 0
— | osc_DIsABLE
Default 0 0 0 0 | 0 0 0 0
Bits Name Description
71 — Reserved
0 OSC_DISABLE Oscillator disable. Setting this bit places the device in a low-power Sleep State.
Note that the host must return the device to the Idle State before writing to any other control registers.
0 = (Default) RCO enabled
1 = RCO disabled
7.1.4 SFT RESET BANKn (n = 0-7) Address: 0x08
WO 7 6 5 4 | 3 2 1 0
SFT_RESET
Default 0 0 0 0 | 0 0 0 0
Bits Name Description
7:0 SFT_RESET Software reset. Write 0x5A to execute a software reset.
0x00 = (Default) No action 0x5A = Software reset
0x01-0x59 = Reserved 0x5B—0xFF = Reserved
7.1.5 DEVID 0 BANKO Address: 0x0C
RO 7 6 5 4 | 3 2 1 0
DEVID_0
Default X X X X | X X X X
Bits Name Description
7:0 DEVID_O Device ID (Byte 0). A value of 0x41 indicates the device is a CS82L41.
7.1.6 DEVID 1 BANKO Address: 0x0D
RO 7 6 5 4 | 3 2 1 0
DEVID_1
Default X X X X | X X X X
Bits Name Description
7:0 DEVID_1 Device ID (Byte 1). Readback value is 0x2A.
7.1.7 DEVID 2 BANKO Address: 0x0E
RO 7 6 5 4 | 3 2 1 0
DEVID_2
Default X X X X | X X X X
Bits Name Description
7:0 DEVID_2 Device ID (Byte 2). Readback value is 0x08.
7.1.8 REVID BANKO Address: 0x10
RO 7 6 5 4 3 2 1 0
AREVID MTLREVID
Default 1 0 1 0 0 0 0 0
Bits Name Description
74 AREVID All-layer device revision. This field is incremented for every all-layer revision of the device.
3.0 MTLREVID Metal-layer device revision. This field is incremented for every metal-layer revision of the device.
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7.1 BANKO
71.9 RELID BANKO Address: 0x14
RO 7 6 5 4 | 3 2 1 0
RELID
Default 0 0 0 0 | 0 0 0 0
Bits Name Description
7:0 RELID Software device revision. This field is incremented if software-driver compatibility or software feature support is
changed.

7.1.10 CCM_AFECLK_CFG_0

RW

Default

7

6 5

4

3 2

BANKO Address: 0x20

1 0

TIMING_MODE

CLAMP_OVRD

CLAMP_EN CLAMP_MODE

CDS_EN

0

0 0

0

0 0

0 0

Bits

Name

Description

75

Reserved

4

TIMING_MODE

1 = Timing Mode 2

Sample Timing Mode select

In Timing Mode 1, VSMP/RSMP are controlled directly from the hardware pins.

In Timing Mode 2, VSMP/RSMP are generated internally from external VSMP_EXT.
0 = (Default) Timing Mode 1

CLAMP_OVRD

0 = (Default) Disabled
1 = Enabled

AFE clamp override switch control

CLAMP_EN

AFE clamp enable

1 = Enable Clamp

0 = (Default) Disable Clamp

CLAMP_MODE

AFE clamp operation mode select

0 = (Default) Enabled for all pixels
1 = Controlled by external RSMP

CDS_EN

AFE cds mode enable

1 = CDS Sampling

0 = (Default) non CDS Sampling

7.1.11 CCM_AFECLK_CFG_1

BANKO Address: 0x21

RW 7 6 5 4 | 3 2 1 0
— AFECK_DUR
Default 0 0 0 0 | 0 0 0 1
Bits Name Description
73 — Reserved
2.0 AFECK_DUR AFECK pulse duration
000 = 0.5 cycle 100 = 2.5 cycle
001 = (Default) 1.0 cycle 101 = 3.0 cycle
010 = 1.5 cycle 110 = 3.5 cycle
011 = 2.0 cycle 111 =4.0cycle
7.1.12 CCM_AFECLK_CFG_2 BANKO Address: 0x22
RwW 7 6 5 4 | 3 2 1 0
RSMP_EXT_DLY VSMP_EXT_DLY VSMP_EXT_POL
Default 0 0 1 0 | 0 0 0 0
Bits Name Description
75 RSMP_EXT_DLY |Timing Mode 2, internal RSMP latency from internal VSMP
000 = 2 clocks
001 = (Default) 3 clocks 111 = 9 clocks
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7.1 BANKO
Bits Name Description
4:1 VSMP_EXT_DLY |Timing Mode 2, internal VSMP latency from VSMP_EXT input

0x0 = (Default) 1 clocks

0x1 =2 clocks OxF = 16 clocks

VSMP_EXT_POL

Timing Mode 2, VSMP polarity

0 = (Default) VSMP is detected at rising edge of input pad
1 = VSMP is detected at falling edge of input pad

7.1.13 DEVICE_CTRL_0

RW

7

BANKO Address: 0x28

2 1 0

6

LDO4_EN

|SHARED,BUS,MODE|

ACTIVE_EN READY_EN MSM_EN

Default

0

0 0 0 1

0

Bits

Name

Description

7

LDO4_EN

LDO4 Enable. Generates 3.3 V supply to VDD_A.
Note that LDO4 can also be enabled using the LDO_EN input pin.

0 = (Default) Disabled
1 = Enabled

SHARED_BUS_
MODE

Enables SPI control interface to be shared with CMOS data outputs.

If this bit is set, the DOUTn pins are configured HiZ during SPI access (while SPI_CS is low), allowing the
DOUTNn pins to be shared with the SPI control interface.

If SPI and DOUT pins are connected on the PCB, this bit MUST be set before setting READY_EN=1 in order to
avoid bus contention.

0 = (Default) Disabled. Bus sharing of the SPI/DOUT pins is not supported.
1 = Enabled. DOUTn are HiZ during SPI access, allowing bus sharing of the SPI/DOUT pins.

Reserved

ACTIVE_EN

Selects the ACTIVE state. This bit causes a transition from READY to the ACTIVE state. Note the READY_EN
bit must also be set.

0 = (Default) No action
1 = Select ACTIVE state

READY_EN

Selects READY state. After the device has been configured, this bit causes a transition from IDLE to the READY
state.

0 = (Default) No action
1 = Select READY state

MSM_EN

Enables the main state machine (MSM) control. This bit must be set to support any operational control.

0 = Disabled. Operational control not supported.
1 = (Default) Enabled. Operational control is enabled.

7.1.14 DEVICE_CTRL_1

BANKO Address: 0x29

RwW 7 6 5 4 | 3 2 1 0
TEMP_ERROR _RST_
MASK — TEMP_ERROR_CLR —
Default 0 0 0 0 | 0 0 0 0
Bits Name Description
7 TEMP_ERROR_ |[Selects whether an overtemperature error causes a system reset.
RST_MASK 0 = (Default) Disabled. Device reset is triggered on overtemperature.
1 = Enabled. Device shuts down on overtemperature, but does not trigger a reset.
6 — Reserved
5 | TEMP_ERROR_CLR |Following an overtemperature error, this bit enables a transition to the IDLE state (provided the error has

cleared).
This bit should be cleared by the host after the device has entered the IDLE state.

0 = (Default) No action
1 = Clear the overtemperature error and move to IDLE state

4:0

Reserved
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7.1 BANKO
7.1.15 DEVICE_CTRL_2 BANKO Address: 0x2A
RwW 7 6 5 4 3 2 1 0
LDO4_HIZ | — | LDO_EN_MASK | LDO5_EN LDO5_ILIMIT_VPC LDO5_ILIMIT_CTRL
Default 0 0 0 0 1 0 0 0
Bits Name Description
7 LDO4_HIZ Configures the LDO4 output floating (HiZ).
0 = (Default) LDO4 discharged when disabled
1 = LDO4 output HiZ
6 — Reserved
5 LDO_EN_MASK |Masks the LDO_EN control input. If masked, the LDO_EN pin has no effect on the LDO4/LDO5 regulators.
0 = (Default) Unmasked. LDO4/LDO5 enabled if LDO_EN is asserted
1 = Masked. LDO_EN pin has no control over LDO4/LDO5
4 LDO5_EN LDOS5 Enable. Generates power for external sensor or VDD_10O.

Note that LDOS5 can also be enabled using the LDO_EN input pin.

0 = (Default) Disabled
1 = Enabled

3 LDO5_ILIMIT_VPC |Enables voltage-proportional control (VPC) for LDO5 current limit
0 = Disabled. Current limit set by LDO5_ILIMIT_CTRL
1 = (Default) Enabled. Current limit scales with output voltage
2:0 | LDOS_ILIMIT_CTRL |LDO5 current limit (assumes VPC proportional control is disabled).
If VPC is enabled (LDO5_ILIMIT_VPC=1), the current limit scales with output voltage.
If VPC is enabled, the selected current limit must not exceed 260 mA.
000 = (Default) 195 mA 100 = 455 mA (Do not use if VPC is enabled)
001 =130 mA 101 = 390 mA (Do not use if VPC is enabled)
010 = 65 mA 110 = 325 mA (Do not use if VPC is enabled)
011 = Reserved 111 =260 mA
7.1.16 DEVICE_CTRL_3 BANKO Address: 0x28B
RwW 7 6 5 4 | 3 2 1 0
— LDO5_VOoUT
Default 0 0 0 0 | 0 0 0 0
Bits Name Description
7:5 — Reserved
4.0 LDO5_VOUT LDOS5 output voltage
0x00 = (Default) 3.424 V 0x1B =3.084 V
0x01 =3.492V 0x1C =3.152 V
0x02 =3.56 V 0x1D =3.22V
0x03-0x19 = Reserved Ox1E = 3.288 V
0x1A =3.016 V 0x1F =3.356 V
7.1.17 RLCDAC CTRL 0 BANKO Address: 0x2C
RW 7 6 5 4 | 3 2 1 0
— VBIAS_EN
Default 0 0 0 0 | 0 0 0 0
Bits Name Description
71 — Reserved
0 VBIAS_EN Enables VBIAS in the ACTIVE state
0 = (Default) VBIAS not enabled during conversions
1 = VBIAS enabled during conversions
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7.1 BANKO

7.1.18 RLCDAC_CTRL_1

BANKO Address: 0x2D

RW 7 6 5 4 3 2 1 0
— VBIAS_LVL
Default 0 0 0 0 0 0 0 0
Bits Name Description
75 — Reserved
4.0 VBIAS_LVL VBIAS output level
0x00 = (Default) 0.17 V
0x01 =0.25V Ox1F =2.65V
7.1.19 RLCDAC_CTRL_2 BANKO Address: 0x2E
RW 7 6 5 4 3 2 1 0
— VBIAS_ISEL_BOOST VBIAS_ISEL VBIAS_REF
Default 0 0 0 0 0 0 0 1
Bits Name Description
74 — Reserved
3 VBIAS_ISEL _ VBIAS output drive strength doubler
BOOST 0 = (Default) No doubling of current reference
1 = Double current reference
21 VBIAS_ISEL VBIAS output drive strength. Note the drive strength is doubled if VBIAS_ISEL_BOOST is set.
00 = (Default) 2 mA 10 =4 mA
01 =3mA 11 = Reserved
0 VBIAS_REF VBIAS reference select
0 = Reference is VDDA
1 = (Default) Reference is VREF
7.1.20 OP_FORMAT_CFG1_0 BANKO Address: 0x30
RwW 7 6 5 4 3 2 1 0
— DOUT_CONFIG DOUT_PHASE DOUT_DLY DOUT_DDR
Default 0 0 0 1 0 0 1
Bits Name Description
75 — Reserved
4 DOUT_CONFIG |Selects data-output configuration
0 = Two pin output (DOUT1-DOUT2)
1 = (Default) Four pin output (DOUT1-DOUT4)
3 DOUT_PHASE Selects data-output phase timing
0 = Aligned to rising MCLK edge
1 = (Default) Aligned to falling MCLK edge
21 DOUT_DLY Selects additional delay in data-output latency
00 = (Default) 0 sample periods 10 = 2 sample periods
01 = 1 sample periods 11 = 3 sample periods
0 DOUT_DDR Selects data-output format
0 = Single data rate (SDR)
1 = (Default) Double data rate (DDR)
7.1.21 OP_FORMAT_CFG1_1 BANKO Address: 0x31
RwW 7 6 5 4 | 3 2 1 0
— TEST_PATT DIR TEST_PATT_EN
Default 0 0 0 0 | 0 0 0 0
Bits Name Description
7:2 — Reserved
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7.1 BANKO
Bits Name Description
1 TEST_PATT_DIR |Test pattern ramp direction
0 = (Default) Ramp up
1 = Ramp down
0 TEST_PATT_EN |[Enable test pattern
0 = (Default) Disabled
1 = Enabled
7.1.22 LED EN SEL 0 BANKO Address: 0x40
Rw 7 6 5 4 3 2 1 0
RSMP_EXT2_FN | — | LEDB_EN_FN LEDG_EN_FN LEDR_EN_FN
Default 0 0 0 1 0 1 0 1
Bits Name Description

7 RSMP_EXT2_FN

RSMP_EXT2 pin function select

0 = (Default) General purpose input/output (GP104)
1 = RSMP input for reset sampling

6 — Reserved

5:4 LEDB_EN_FN LEDB_EN/RSMP_EXT1 pin function select
00 = Blue LED control input 10 = General purpose input/output (GP103)
01 = (Default) RSMP input for reset sampling 11 = Monitor

3:2 LEDG_EN_FN LEDG_EN/LED_START pin function select
00 = Green LED control input 10 = General purpose input/output (GP102)
01 = (Default) External LED Start input 11 = Reserved

1:0 LEDR_EN_FN LEDR_EN/TGSYNC pin function select

00 = Red LED control input
01 = (Default) External TGSYNC input

10 = General purpose input/output (GP101)
11 = Reserved

7.1.23 LED_EN_SEL_2

BANKO Address: 0x42

RwW 7 6 5 4 | 3 2 1 0
— MON_SEL —
Default 0 0 0 0 | 0 0 0 0
Bits Name Description
75 — Reserved
4:2 MON_SEL MON pin function select
000 = (Default) VSMP output 010 = AFECK output
001 = RSMP output 011-111 = Reserved
1.0 — Reserved
7.1.24 GPI VAL 0 BANKO Address: 0x44
RO 7 6 5 4 3 2 1 0
— GP4_IN_STS GP3_IN_STS GP2_IN_STS GP1_IN_STS —
Default 0 0 0 X X X X 0
Bits Name Description
75 — Reserved
4 GP4_IN_STS GP4 input status
0= Low
1 = High
3 GP3_IN_STS GP3 input status
0= Low
1 = High
2 GP2_IN_STS GP2 input status
0= Low
1 = High
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Bits Name Description
1 GP1_IN_STS GP1 input status
0= Low
1 = High
0 — Reserved
7.1.25 GPI VAL 2 BANKO Address: 0x46
Rw 7 6 5 4 3 2 1 0
— GP4_DIR GP3_DIR GP2_DIR GP1_DIR —
Default 0 0 0 0 0 0 0 0
Bits Name Description
75 — Reserved
4 GP4_DIR GPI0O4 pin direction
0 = (Default) Input
1 = Output
3 GP3_DIR GPIO3 pin direction
0 = (Default) Input
1 = Output
2 GP2_DIR GPIO2 pin direction
0 = (Default) Input
1 = Output
1 GP1_DIR GPIO1 pin direction
0 = (Default) Input
1 = Output
0 —_ Reserved
7.1.26 GPI VAL 3 BANKO Address: 0x47
Rw 7 6 5 4 3 2 1 0
— GP4_OUT_LVL GP3_OUT_LVL GP2_OUT_LVL GP1_OUT_LVL —
Default 0 0 0 0 0 0 0 0
Bits Name Description
75 — Reserved
4 GP4 _OUT_LVL GP4 output level
0 = (Default) Low
1 = High
3 GP3_OUT_LVL GP3 output level
0 = (Default) Low
1 = High
2 GP2_OUT_LVL GP2 output level
0 = (Default) Low
1 = High
1 GP1_OUT_LVL GP1 output level
0 = (Default) Low
1 = High
0 — Reserved
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7.1.27 CMOS_CFG_0

RW 7 6 5 4 3 2

BANKO Address: 0x48

1 0
— DOUT4_SPI_SDO_DRV_STR DOUT4_SPI_SDO_PULL DOUTR_SPLSDO | pours_spi_spo_IE
Default 0 0 0 1 1 0 0 1
Bits Name Description
7 — Reserved
6:4 | DOUT4_SPI_SDO_ |DOUT4/SPI_SDO output drive strength
DRV_STR 000 = 1.6 mA 011 = 5.8 mA
001 = (Default) 3.1 mA 100-111 = Reserved
010=4.5mA
3:2 | DOUT4_SPI_SDO_ |DOUT4/SPI_SDO pull resistor and bus-keeper configuration
PULL 00 = Disabled 10 = (Default) Pull-down
01 = Pull-up 11 = Bus keeper
1 | DOUT4_SPI_SDO_ |DOUT4/SPI_SDO High-Z enable
HIZ_EN 0 = (Default) Normal
1=Hi-Z
0 | DOUT4_SPI_SDO_ [SPI_SDO input enable
IE 0 = Disabled

1 = (Default) Enabled

7.1.28 CMOS_CFG 1

BANKO Address: 0x49

RW 7 6 5 3 2 1 0
— | SPI_SDI_DRV_STR SPI_SDI_PULL SPI_SDI_HIZ_EN SPI_SDI_IE
Default 0 0 0 1 1 0 0 1
Bits Name Description
7 — Reserved
6:4 | SPI_SDI_DRV_STR |SPI_SDI output drive strength
000 = 1.6 mA 011=5.8mA

001 = (Default) 3.1 mA
010 =4.5mA

100-111 = Reserved

3:2

SPI_SDI_PULL

SPI_SDI pull resistor and bus-keeper configuration

00 = Disabled
01 = Pull-up

10 = (Default) Pull-down
11 = Bus keeper

SPI_SDI_HIZ_EN

SPI_SDI High-Z enable

0 = (Default) Normal
1=Hi-Z

SPI_SDI_IE

SPI_SDI input enable

0 = Disabled
1 = (Default) Enabled

7.1.29 CMOS_CFG_2

BANKO Address: 0x4A

RwW 7 6 5 4 3 2 1 0
— SPI_SCK_PULL — SPI_SCK_IE
Default 0 0 0 1 1 0 0 1
Bits Name Description
74 — Reserved
3:2 SPI_SCK_PULL |SPI_SCK pull resistor and bus-keeper configuration
00 = Disabled 10 = (Default) Pull-down
01 = Pull-up 11 = Bus keeper
1 — Reserved
0 SPI_SCK_IE SPI_SCK input enable
0 = Disabled
1 = (Default) Enabled
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7.1.30 CMOS_CFG_3

BANKO Address: 0x4B

RW

7 6 5 4 3 2 1 0
— SPI_CS_PULL — SPI_CS_IE
Default 0 0 0 1 1 0 0 1
Bits Name Description
74 — Reserved
3:2 SPI_CS_PULL  |SP|_CS pull resistor and bus-keeper configuration
00 = Disabled 10 = (Default) Pull-down
01 = Pull-up 11 = Bus keeper
1 — Reserved
0 SPI_CS_IE SPI_CS input enable
0 = Disabled
1 = (Default) Enabled
7.1.31 MCLK CFG BANKO Address: 0x4D
Rw 7 6 5 4 3 2 1 0
— MCLK_PULL MCLK_HIZ_EN MCLK_IE
Default 0 0 0 1 1 0 0 1
Bits Name Description
74 — Reserved
3:2 MCLK_PULL MCLK_EXT pull resistor and bus-keeper configuration
00 = Disabled 10 = (Default) Pull-down
01 = Pull-up 11 = Bus keeper
1 MCLK_HIZ_EN MCLK_EXT High-Z enable
0 = (Default) Normal
1= Hi-Z
0 MCLK_IE MCLK_EXT input enable
0 = Disabled
1 = (Default) Enabled
7.1.32 LED EN CFG 0 BANKO Address: 0x50
RW 7 6 5 4 3 2 1 0
— LEDR_EN_TGSYNC_GPIO1_DRV_STR LEDR EN_TGSYNC_GPIOT PuLL | LERREM TSSTNC. | LEDR ERTGIYNG.
Default 0 0 0 1 1 0 0 1
Bits Name Description
7 — Reserved
6:4 LEDR_EN_ LEDR_EN/TGSYNC/GPIO1 output drive strength
TGSYNC_GPIO1_ | 000 = 1.6 mA 011=58mA
DRV_STR 001 = (Default) 3.1 mA 100-111 = Reserved
010 =4.5mA
3:2 LEDR_EN_ LEDR_EN/TGSYNC/GPIO1 pull resistor and bus-keeper configuration
TGSYNC_GPIO1_ | 00 = Disabled 10 = (Default) Pull-down
PULL 01 = Pull-up 11 = Bus keeper
1 LEDR_EN_ LEDR_EN/TGSYNC/GPIO1 High-Z enable
TGSYNC_GPIO1_ | 0 = (Default) Normal
HIZ_EN 1=Hi-Zz
0 LEDR_EN_ LEDR_EN/TGSYNC/GPIO1 input enable
TGSYNC_GPIO1_IE | 0 = Disabled
1 = (Default) Enabled
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7.1.33 LED_EN_CFG_1

BANKO Address: 0x51

RwW 7 6 5 4 3 2 1 0
LEDG_EN_ LEDG_EN
— LEDG_EN_LEDSTART_GPIO2_DRV_STR LEDG_EN_LEDSTART_GPIO2_PULL LEDSTI_?];TESPIOZ_ LEDSTART GPIO2.IE
Default 0 0 0 1 1 0 0 1
Bits Name Description
7 — Reserved
6:4 LEDG_EN_ LEDG_EN/LED_START/GPIO2 output drive strength
LEDSTART_GPIO2_| 000 = 1.6 mA 011 =5.8mA
DRV_STR 001 = (Default) 3.1 mA 100-111 = Reserved
010=4.5mA
3:2 LEDG_EN_ LEDG_EN/LED_START/GPIO2 pull resistor and bus-keeper configuration
LEDSTART_GPIO2_| 00 = Disabled 10 = (Default) Pull-down
PULL 01 = Pull-up 11 = Bus keeper
1 LEDG_EN_ LEDG_EN/LED_START/GPIO2 High-Z enable
LEDSTART_GP'OZ_ 0= (Defau|t) Normal
HIZ_EN 1=Hi-Z
0 LEDG_EN_ LEDG_EN/LED_START/GPIO2 input enable
LEDSTART_GPIO2_| 0 = Disabled
IE 1 = (Default) Enabled

7.1.34 LED_EN_CFG_2

BANKO Address: 0x52

Rw 7 6 5 4 3 2 1 0
LEDBEN MON_ | | Epg_EN_MON
— LEDB_EN_MON_RSMP_EXT_GPIO3_DRV_STR LEDB_EN_MON_RSMP_EXT_GPIO3_PULL RSMPT_lEé(TE,'(\‘;Ploa, RSMP. EXT GPIO3. IE
Default 0 0 0 1 1 0 0 1
Bits Name Description
7 — Reserved
6:4 LEDB_EN_MON_ |LEDB_EN/MON/RSMP_EXT1/GPIO3 output drive strength
RSMP_EXT_GPIO3_| 000 = 1.6 mA 011 = 5.8 mA
DRV_STR 001 = (Default) 3.1 mA 100-111 = Reserved
010 =4.5mA
3:2 LEDB_EN_MON_ |LEDB_EN/MON/RSMP_EXT1/GPIO3 pull resistor and bus-keeper configuration
RSMP_EXT_GPIO3_| (0 = Disabled 10 = (Default) Pull-down
PULL 01 = Pull-up 11 = Bus keeper
1 LEDB_EN_MON_ [LEDB_EN/MON/RSMP_EXT1/GPIO3 High-Z enable
RSMP_EXT_GPIO3_| 0 = (Default) Normal
HIZ_EN 1=Hi-Z
0 LEDB_EN_MON_ [LEDB_EN/MON/RSMP_EXT1/GPIO3 input enable
RSMP_EXT_GPIO3_| 0 = Disabled
IE 1 = (Default) Enabled

BANKO Address: 0x53

7.1.35 LED_EN_CFG_3

RW 7 6 5 4 3 2 1 0
— RSMP_GPIO4_DRV_STR RSMP_GPIO4_PULL RSMP_CRI04RIZ_ | RsMP_aPIO4_IE
Default 0 0 0 1 1 0 0 1
Bits Name Description
7 — Reserved
6:4 RSMP_GPIO4_  |[RSMP_EXT2/GPIO4 output drive strength
DRV_STR 000 = 1.6 mA 011=5.8mA

001 = (Default) 3.1 mA 100-111 = Reserved
010=4.5mA

3:2 |RSMP_GPIO4_PULL |RSMP_EXT2/GPIO4 pull resistor and bus-keeper configuration
00 = Disabled 10 = (Default) Pull-down
01 = Pull-up 11 = Bus keeper
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Bits Name Description
1 RSMP_GPIO4_HIZ_ |RSMP_EXT2/GPIO4 High-Z enable
EN 0 = (Default) Normal
1=Hi-Z
0 RSMP_GPIO4_IE |RSMP_EXT2/GPIO4 input enable
0 = Disabled
1 = (Default) Enabled
7.1.36 VSMP EXT CFG BANKO Address: 0x54
Rw 7 6 5 4 3 2 1 0
— | VSMP_EXT_DRV_STR VSMP_EXT_PULL VSMP_EXT_HIZ_ EN |  VSMP_EXT_IE
Default 0 0 0 1 1 0 0
Bits Name Description
7 — Reserved
6:4 | VSMP_EXT_DRV_ [VSMP_EXT output drive strength
STR 000 = 1.6 mA 011=5.8mA
001 = (Default) 3.1 mA 100-111 = Reserved
010 =4.5mA
3:2 VSMP_EXT_PULL |VSMP_EXT pull resistor and bus-keeper configuration
00 = Disabled 10 = (Default) Pull-down
01 = Pull-up 11 = Bus keeper
1 VSMP_EXT_HIZ_EN | VSMP_EXT High-Z enable
0 = (Default) Normal
1=Hi-Z
0 VSMP_EXT_IE  |VSMP_EXT input enable
0 = Disabled
1 = (Default) Enabled
7.1.37 DOUT CFG 0 BANKO Address: 0x58
RwW 7 6 5 4 3 2 1 0
— | DOUT1_DRV_STR DOUT1_PULL DOUT1_HIZ_EN DOUT1_IE
Default 0 0 0 1 1 0 0
Bits Name Description
7 — Reserved
6:4 DOUT1_DRV_STR [DOUT1 output drive strength
000 = 1.6 mA 011=58mA
001 = (Default) 3.1 mA 100-111 = Reserved
010 =4.5mA
3:2 DOUT1_PULL DOUT1 pull resistor and bus-keeper configuration
00 = Disabled 10 = (Default) Pull-down
01 = Pull-up 11 = Bus keeper
1 DOUT1_HIZ_EN |DOUT1 High-Z enable
0 = (Default) Normal
1=Hi-Z
0 DOUT1_IE DOUT1 input enable
0 = (Default) Disabled
1 = Enabled
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7.1.38 DOUT_CFG_1

BANKO Address: 0x59

RW 7 6 5 4 3 2 1 0
— | DOUT2 DRV_STR DOUT2_PULL DOUT2_HIZ_EN DOUT2_IE
Default 0 0 0 1 1 0 0 0
Bits Name Description
7 — Reserved
6:4 DOUT2_DRV_STR [DOUT2 output drive strength
000 = 1.6 mA 011=5.8mA
001 = (Default) 3.1 mA 100-111 = Reserved
010 =4.5mA
3:2 DOUT2_PULL DOUT2 pull resistor and bus-keeper configuration
00 = Disabled 10 = (Default) Pull-down
01 = Pull-up 11 = Bus keeper
1 DOUT2_HIZ_EN |DOUT2 High-Z enable
0 = (Default) Normal
1=Hi-Z
0 DOUTZ2_IE DOUT2 input enable
0 = (Default) Disabled
1 = Enabled
7.1.39 DOUT CFG 2 BANKO Address: 0x5A
RW 7 6 5 4 3 2 1 0
— | DOUT3_DRV_STR DOUT3_PULL DOUT3_HIZ_EN DOUT3_IE
Default 0 0 0 1 1 0 0 0
Bits Name Description
7 — Reserved
6:4 DOUT3_DRV_STR [DOUTS3 output drive strength
000 = 1.6 mA 011 =58 mA
001 = (Default) 3.1 mA 100-111 = Reserved
010 =4.5mA
3:2 DOUT3_PULL DOUT3 pull resistor and bus-keeper configuration
00 = Disabled 10 = (Default) Pull-down
01 = Pull-up 11 = Bus keeper
1 DOUT3_HIZ_EN |DOUT3 High-Z enable
0 = (Default) Normal
1=Hi-Z
0 DOUT3_IE DOUT3 input enable

0 = (Default) Disabled
1 = Enabled

7.2 BANK1—DAC, PGA, DGAIN, SARADC, LED Control

7.21 BANK BANKn (n = 0-7) Address: 0x00
7 6 5 4 3 2 1 0
DESCRIM — BANK
Access RO — RW
Default 1 1 0 0 0 0 0 0
Bits Name Description
74 DESCRIM Read-only device identifier field. Readback value is 0xC.
3 — Reserved
2:0 BANK Selects the active bank for SPI access.
000 = (Default) Bank 0 100 = Bank 4
001 = Bank 1 101 = Bank 5
010 = Bank 2 110 = Bank 6
011 = Bank 3 111 =Bank 7
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7.2.2 ASYNCO 0 BANKn (n = 0-7) Address: 0x04
RO 7 6 5 4 3 2 1 0
— ACTIVE_ERROR_STS| TEMP_ERROR_STS — MCLK_ERROR_sTs | STARTUPERROR_ | goor_ERROR STS
Default 0 0 0 0 0 0 0 0
Bits Name Description
7:6 — Reserved
5 ACTIVE_ERROR _ |Path error status. Indicates an error condition in the Active or Ready states.
STS 0 = (Default) Normal
1 = Error
4 | TEMP_ERROR_STS | Temperature error status. Indicates an overtemperature condition has been detected.
0 = (Default) Normal
1 = Error
3 — Reserved
2 MCLK_ERROR_STS |MCLK error status. Indicates MCLK is invalid or absent in the Idle State.
0 = (Default) Normal
1 = Error
1 STARTUP_ERROR_ |Start up error status. Indicates an error detected during start-up.
STS 0 = (Default) Normal
1 = Error
0 |BOOT_ERROR_STS |Boot error status. Indicates an error detected during boot.
0 = (Default) Normal
1 = Error
7.2.3 ASYNCO 1 BANKn (n = 0-7) Address: 0x05
RW 7 6 5 4 | 3 2 1 0
— | osc_DIsABLE
Default 0 0 0 0 | 0 0 0 0
Bits Name Description
71 — Reserved
0 OSC_DISABLE |Oscillator disable. Setting this bit places the device in a low-power Sleep State.
Note that the host must return the device to the Idle State before writing to any other control registers.
0 = (Default) RCO enabled
1 = RCO disabled
7.2.4 SFT RESET BANKn (n = 0-7) Address: 0x08
WO 7 6 5 4 | 3 2 1 0
SFT_RESET
Default 0 0 0 0 | 0 0 0 0
Bits Name Description
7:0 SFT_RESET Software reset. Write 0x5A to execute a software reset.
0x00 = (Default) No action 0x5A = Software reset
0x01-0x59 = Reserved 0x5B—0xFF = Reserved
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7.2.5 DAC_CTRL_OFS01 _CH1 0 BANK1 Address: 0x10
RwW 7 6 5 4 | 3 2 1 0
CH1_SEQ0_OFFSET_0
Default 0 0 0 0 | 0 0 0 0
Bits Name Description
7:0 CH1_SEQO_ DAC offset for Channel 1, State 0
OFFSET_0 This field contains bits [7:0] of the 9-bit code.
Note the effective offset on the signal path is only 2/3 of this value, i.e., —=333.3 mV to 331.998 mV.
0 =-500 mV
256 =0 mV
511 =498.05 mV
7.2.6 DAC_CTRL_OFS01_CH1_1 BANK1 Address: 0x11
Rw 7 6 5 4 | 3 2 1 0
_ CH1_SEQ(%_OFFSET_
Default 0 0 0 0 | 0 0 0 1
Bits Name Description
71 — Reserved
0 CH1_SEQO_ DAC offset for Channel 1, State 0
OFFSET_1 This field contains bit [8] of the 9-bit code.
Note the effective offset on the signal path is only 2/3 of this value, i.e., —333.3 mV to 331.998 mV.
0 =-500 mV
256 =0mV
511 =498.05 mV
7.2.7 DAC_CTRL_OFS01_CH1 2 BANK1 Address: 0x12
RwW 7 6 5 4 | 3 2 1 0
CH1_SEQ1_OFFSET_0
Default 0 0 0 0 | 0 0 0 0
Bits Name Description
7:0 CH1_SEQ1_ DAC offset for Channel 1, State 1
OFFSET_0 This field contains bits [7:0] of the 9-bit code.
Note the effective offset on the signal path is only 2/3 of this value, i.e., —=333.3 mV to 331.998 mV.
0 =-500 mV
256 =0 mV
511 =498.05 mV
7.2.8 DAC_CTRL_OFS01_CH1_3 BANK1 Address: 0x13
RW 7 6 5 4 | 3 2 1 0
- CH1_SEQ11_OFFSET_
Default 0 0 0 0 | 0 0 0 1
Bits Name Description
71 — Reserved
0 CH1_SEQ1_ DAC offset for Channel 1, State 1
OFFSET_1 This field contains bit [8] of the 9-bit code.
Note the effective offset on the signal path is only 2/3 of this value, i.e., —333.3 mV to 331.998 mV.
0 =-500 mV
256 =0mV
511 =498.05 mV
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7.2 BANK1
7.29 DAC_CTRL_OFS23 CH1_0 BANK1 Address: 0x14
RW 7 6 5 4 | 3 2 1 0
CH1_SEQ2_OFFSET_0
Default 0 0 0 0 | 0 0 0 0
Bits Name Description

7:0 CH1_SEQ2_ DAC offset for Channel 1, State 2

OFFSET_0 This field contains bits [7:0] of the 9-bit code.

Note the effective offset on the signal path is only 2/3 of this value, i.e., —=333.3 mV to 331.998 mV.
0 =-500 mV

256 =0 mV

511 =498.05 mV

7.210 DAC_CTRL_OFS23_CH1_1 BANK1 Address: 0x15

RwW 7 6 5 4 | 3 2 1 0
CH1_SEQ2_OFFSET_
1

Default 0 0 0 0 | 0 0 0 1
Bits Name Description
71 — Reserved
0 CH1_SEQ2_ DAC offset for Channel 1, State 2
OFFSET_1 This field contains bit [8] of the 9-bit code.
Note the effective offset on the signal path is only 2/3 of this value, i.e., —333.3 mV to 331.998 mV.
0 =-500 mV
256 =0mV
511 =498.05 mV
7.2.11 DAC_CTRL_OFS23_CH1_2 BANK1 Address: 0x16
RwW 7 6 5 4 | 3 2 1 0
CH1_SEQ3_OFFSET_0
Default 0 0 0 0 | 0 0 0 0
Bits Name Description
7:0 CH1_SEQ3_ DAC offset for Channel 1, State 3

OFFSET_0 This field contains bits [7:0] of the 9-bit code.

Note the effective offset on the signal path is only 2/3 of this value, i.e., —=333.3 mV to 331.998 mV.
0 =-500 mV

256 =0 mV

511 =498.05 mV

7.212 DAC_CTRL_OFS23_CH1_3 BANK1 Address: 0x17

RwW 7 6 5 4 | 3 2 1 0
CH1_SEQ3 OFFSET_
1

Default 0 0 0 0 | 0 0 0 1

Bits Name Description

71 — Reserved

0 CH1_SEQ3_ DAC offset for Channel 1, State 3
OFFSET_1 This field contains bit [8] of the 9-bit code.

Note the effective offset on the signal path is only 2/3 of this value, i.e., —333.3 mV to 331.998 mV.
0 =-500 mV
256 =0mV
511 =498.05 mV
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7.2 BANK1

7.213 PGA_CTRL_AGAIN_CH1 0

BANK1 Address: 0x1C

Rw 7 6 5 3 2 0
— | CH1_SEQO_AGAIN
Default 0 0 0 0 0 0
Bits Name Description
7:6 — Reserved
5.0 | CH1_SEQO_AGAIN |Analog gain for Channel 1, State 0
0x00 = (Default) 1.0 VIV 0x21 =5.25 VIV
0x01 =1.125 VIV
0x33 =9.75 VIV

Ox1F = 4.875 V\V
0x20 =5.0 VIV

0x34—-0x3F = 9.75 VIV

7.2.14 PGA_CTRL_AGAIN_CH1 1

RW

BANK1 Address: 0x1D

7 6 5 3 2 0
— | CH1_SEQ1_AGAIN
Default 0 0 0 0 0 0
Bits Name Description
7:6 — Reserved
5:0 | CH1_SEQ1_AGAIN |Analog gain for Channel 1, State 1
0x00 = (Default) 1.0 V/V 0x21 =5.25 VIV
0x01 =1.125 VIV
0x33 =9.75 V/V

OX1F = 4.875 VIV
0x20 = 5.0 VIV

0x34-0x3F = 9.75 VIV

7.215 PGA_CTRL_AGAIN_CH1 2

BANK1 Address: 0x1E

RW 7 6 5 3 2 0
_ | CH1_SEQ2_AGAIN
Default 0 0 0 0 0 0
Bits Name Description
76 — Reserved
5:0 | CH1_SEQ2_AGAIN |Analog gain for Channel 1, State 2
0x00 = (Default) 1.0 VIV 0x21 =5.25 VIV
0x01 =1.125 VIV
0x33 =9.75 VIV

OX1F = 4.875 V\V
0x20 =5.0 VIV

0x34—-0x3F = 9.75 VIV

7.2.16 PGA_CTRL_AGAIN_CH1_3

RW

BANK1 Address: 0x1F

7 6 5 3 2 0
— | CH1_SEQ3_AGAIN
Default 0 0 0 0 0 0
Bits Name Description
7:6 — Reserved
5.0 | CH1_SEQ3_AGAIN |Analog gain for Channel 1, State 3
0x00 = (Default) 1.0 V/V 0x21 =5.25 VIV
0x01 =1.125 VIV
0x33 =9.75 VIV

Ox1F = 4.875 V\V
0x20 =5.0 VIV

0x34—-0x3F = 9.75 VIV
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7.2 BANK1

7.2.17 DGAIN_SEQ01_CH1_0

BANK1 Address: 0x20

RwW 7 6 5 4 | 3 2 1 0
CH1_SEQO_DGAIN_0
Default 0 0 0 0 | 0 0 0 0
Bits Name Description
7:0 |CH1_SEQO_DGAIN_ |Digital gain for Channel 1, State 0
0 Gain = [DGAIN/2048]. Valid from 1024 to 4095.
This field contains bits [7:0] of the 12-bit code.
1024 = 0.5 VIV
2048 =1.0 VIV
3072=15VIV
4095 = 1.9995 VIV
7.2.18 DGAIN_SEQO01_CH1_1 BANK1 Address: 0x21
RwW 7 6 5 4 3 2 1 0
— CH1_SEQ0_DGAIN_1
Default 0 0 0 0 1 0 0 0
Bits Name Description
74 — Reserved
3:0 |CH1_SEQO_DGAIN_ |Digital gain for Channel 1, State 0

1

Gain = [DGAIN/2048]. Valid from 1024 to 4095.

This field contains bits [11:8] of the 1
1024 = 0.5 VIV

2048 =1.0 VIV

3072=1.5VIV

4095 = 1.9995 VIV

2-bit code.

7.2.19 DGAIN_SEQ01_CH1_2

BANK1 Address: 0x22

RwW 7 6 5 4 | 3 2 1 0
CH1_SEQ1_DGAIN_0
Default 0 0 0 0 | 0 0 0 0
Bits Name Description
7:0 |CH1_SEQ1_DGAIN_ |Digital gain for Channel 1, State 1
0 Gain = [DGAIN/2048]. Valid from 1024 to 4095.
This field contains bits [7:0] of the 12-bit code.
1024 = 0.5 VIV
2048 =1.0 VIV
3072=15VIV
4095 = 1.9995 VIV
7.2.20 DGAIN_SEQO01_CH1_3 BANK1 Address: 0x23
RwW 7 6 5 4 3 2 1 0
— CH1_SEQ1_DGAIN_1
Default 0 0 0 0 1 0 0 0
Bits Name Description
74 — Reserved
3.0 Digital gain for Channel 1, State 1

CH1_SEQ1_DGAIN_
1

This field contains bits [11:8] of the 1
1024 = 0.5 VIV

2048 =1.0 VIV

3072=1.5VIV

4095 = 1.9995 VIV

2-bit code.
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7.2 BANK1

7.2.21 DGAIN_SEQ23 CH1_0

BANK1 Address: 0x24

RwW 7 6 5 4 | 3 2 1 0
CH1_SEQ2_DGAIN_0
Default 0 0 0 0 | 0 0 0 0
Bits Name Description
7:0 |CH1_SEQ2_DGAIN_ |Digital gain for Channel 1, State 2
0 This field contains bits [7:0] of the 12-bit code.
1024 =0.5 VIV
2048 =1.0 VIV
3072=15VIV
4095 = 1.9995 VIV
7.2.22 DGAIN_SEQ23_CH1_1 BANK1 Address: 0x25
RW 7 6 5 4 3 2 1 0
— CH1_SEQ2_DGAIN_1
Default 0 0 0 0 1 0 0 0
Bits Name Description
74 — Reserved
3.0 Digital gain for Channel 1, State 2

CH1_SEQ2_DGAIN_
1

This field contains bits [11:8] of the 12-bit code.

1024 = 0.5 VIV
2048 =1.0 VIV
3072=15VINV
4095 = 1.9995 VIV

7.2.23 DGAIN_SEQ23 CH1_2

RW

BANK1 Address: 0x26

7 6 5 4 | 3 2 1 0
CH1_SEQ3_DGAIN_0
Default 0 0 0 0 | 0 0 0 0
Bits Name Description
7:0 |CH1_SEQ3_DGAIN_ |Digital gain for Channel 1, State 3
0 This field contains bits [7:0] of the 12-bit code.
1024 =0.5 VIV
2048 =1.0 VIV
3072=15VIV
4095 = 1.9995 VIV
7.2.24 DGAIN_SEQ23_CH1_3 BANK1 Address: 0x27
RW 7 6 5 4 3 2 1 0
— CH1_SEQ3_DGAIN_1
Default 0 0 0 0 1 0 0 0
Bits Name Description
74 — Reserved
3:0 |[CH1_SEQ3_DGAIN_ |Digital gain for Channel 1, State 3

1

This field contains bits [11:8] of the 1
1024 = 0.5 VIV

2048 =1.0 VIV

3072=1.5VIV

4095 = 1.9995 VIV

2-bit code.
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7.2 BANK1

7.2.25 DGAIN_REF_CH1_0

BANK1 Address: 0x28

RwW 7 6 5 4 | 3 2 1 0
CH1_SEQO_DGAIN_REF
Default 0 0 0 0 | 0 0 0 0
Bits Name Description

7:0 |CH1_SEQO_DGAIN_

Digital gain reference level for Channel 1, State 0

REF The digital gain is applied relative to the reference level.
0x00 = (Default) 0 0x03 =48
0x01 =16
0x02 =32 OxFF = 4,080
7.2.26 DGAIN_REF_CH1_1 BANK1 Address: 0x29
RwW 7 6 5 4 | 3 2 1 0
CH1_SEQ1_DGAIN_REF
Default 0 0 0 0 | 0 0 0 0
Bits Name Description
7:0 |CH1_SEQ1_DGAIN_ |Digital gain reference level for Channel 1, State 1
REF The digital gain is applied relative to the reference level.
0x00 = (Default) 0 0x03 =48
0x01 =16
0x02 =32 OxFF = 4,080
7.2.27 DGAIN_REF_CH1_2 BANK1 Address: 0x2A
RwW 7 6 5 4 | 3 2 1 0
CH1_SEQ2_DGAIN_REF
Default 0 0 0 0 | 0 0 0 0
Bits Name Description
7:0 |CH1_SEQ2_DGAIN_ |Digital gain reference level for Channel 1, State 2
REF The digital gain is applied relative to the reference level.
0x00 = (Default) 0 0x03 =48
0x01 =16
0x02 =32 OxFF = 4,080
7.2.28 DGAIN_REF_CH1_3 BANK1 Address: 0x2B
RwW 7 6 5 4 | 3 2 1 0
CH1_SEQ3_DGAIN_REF
Default 0 0 0 0 | 0 0 0 0
Bits Name Description
7:0 | CH1_SEQ3_DGAIN_ |Digital gain reference level for Channel 1, State 3
REF The digital gain is applied relative to the reference level.
0x00 = (Default) 0 0x03 =48
0x01 =16
0x02 =32 OxFF = 4,080
7.2.29 SAR1 CTRL 1 BANK1 Address: 0x2D
RW 7 6 5 4 | 3 2 1 0
— CH1_POL —
Default 0 0 0 0 | 0 0 0 0
Bits Name Description
73 — Reserved
2 CH1_POL Signal polarity selection
0 = (Default) Positive signalling (CIS waveform)
1 = Negative signalling (CCD waveform)
1:0 — Reserved
DS1349F1 70

Copyright © 2024-2026 Cirrus Logic, Inc. and Cirrus Logic International Semiconductor Ltd.


https://www.cirrus.com

—m
——mm

——= CIRRUS LOGIC

CS82L41
7.2 BANK1

7.2.30 SAR1_CTRL_3

BANK1 Address: 0x2F

RwW 7 6 5 4 | 3 2 1 0
— CH1_AFE_POWER
Default 0 0 0 0 | 0 0 1 1
Bits Name Description
7:2 — Reserved
1:0 | CH1_AFE_POWER |AFE power mode selection.

00 = Low Power
01-10 = Reserved

11 = (Default) High Performance

7.2.31 LED_CTRL_CONFIG_0 BANK1 Address: 0x40
RW 7 6 5 4 3 2 1 0
— LED_CTRL_SRC LEDB_EN LEDG_EN LEDR_EN
Default 0 0 0 0 0 0 0 0
Bits Name Description
74 — Reserved
3 LED_CTRL_SRC |Select control source for LED drivers
0 = (Default) Internal
1 = External
2 LEDB_EN LEDB driver control
0 = (Default) Disabled
1 = Enabled
1 LEDG_EN LEDG driver control
0 = (Default) Disabled
1 = Enabled
0 LEDR_EN LEDR driver control
0 = (Default) Disabled
1 = Enabled
7.2.32 LED_CTRL_CONFIG_1 BANK1 Address: 0x41
Rw 7 6 5 4 3 2 1 0
— LED_RAMP_TIME
Default 0 0 0 0 0 0 0 0
Bits Name Description
74 — Reserved
3.0 LED_RAMP_TIME |LED ramp time. Time taken to ramp fine current (LEDn_FINE) from 0-255.
0x0-0x7 = (Default) 8 us
0x8 =9 us OxF =16 us
0x9 =10 us
7.2.33 LED_CTRL_CONFIG_2 BANK1 Address: 0x42
RW 7 6 5 4 3 2 1 0
LED_RAMP_BOOST | LEDB_COARSE LEDG_COARSE LEDR_COARSE
Default 0 0 0 0 0 0 0 0
Bits Name Description
7:6 |LED_RAMP_BOOST |LED ramp boost. Shortens the ramp time by a factor of 2 or 4.

Boost by 2 is only valid if MCLK rate >= 4 MHz.

Boost by 4 is only valid if MCLK rate >= 12 MHz and LED_RAMP_TIME >= OxB.
If an invalid selection is made, the boost is disabled and the unmodified LED_RAMP_TIME is used.

00 = (Default) No boost
01 = Boost by 2

10 = Boost by 4
11 = Reserved

5:4 LEDB_COARSE |LEDB coarse current control. This is the output current if LEDB_FINE=255.
00 = (Default) 33 mA 10 =49 mA
01 =41mA 11 = 66 mA
DS1349F1 7
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Bits Name Description
3:2 LEDG_COARSE |LEDG coarse current control. This is the output current if LEDG_FINE=255.
00 = (Default) 33 mA 10 =49 mA
01 =41mA 11 = 66 mA
1.0 LEDR_COARSE |LEDR coarse current control. This is the output current if LEDR_FINE=255.
00 = (Default) 33 mA 10 = 49 mA
01 =41 mA 11 = 66 mA
7.2.34 LED _CTRL_CONFIG_3 BANK1 Address: 0x43
Rw 7 6 5 4 | 3 2 1 0
MCLK_FREQ
Default 0 0 0 0 | 1 0 1 0
Bits Name Description
7:0 MCLK_FREQ MCLK frequency. This field must be set to the frequency closest to that of the MCLK_EXT input.
0x00-0x01 = Reserved 0x0A = (Default) 10 MHz
0x02 =2 MHz
0x03 =3 MHz 0x30 =48 MHz
0x31-0xFF = Reserved
7.2.35 LEDX FINE 0 BANK1 Address: 0x44
RwW 7 6 5 4 | 3 2 1 0
LEDR_FINE
Default 0 0 0 0 | 0 0 0 0
Bits Name Description
7:0 LEDR_FINE LEDR fine current control. Selects the output current from 0 to LEDR_COARSE.
If the LEDR output is enabled, the current ramps to (LEDR_FINE/255 * LEDR_COARSE)
7.2.36 LEDX FINE 1 BANK1 Address: 0x45
RwW 7 6 5 4 | 3 2 1 0
LEDG_FINE
Default 0 0 0 0 | 0 0 0 0
Bits Name Description
7:0 LEDG_FINE LEDG fine current control. Selects the output current from 0 to LEDG_COARSE.
If the LEDG output is enabled, the current ramps to (LEDG_FINE/255 * LEDG_COARSE)
7.2.37 LEDX FINE 2 BANK1 Address: 0x46
RW 7 6 5 4 | 3 2 1 0
LEDB_FINE
Default 0 0 0 0 | 0 0 0 0
Bits Name Description
7:0 LEDB_FINE LEDB fine current control. Selects the output current from 0 to LEDB_COARSE.
If the LEDB output is enabled, the current ramps to (LEDB_FINE/255 * LEDB_COARSE)
7.2.38 TG_FILT _CONFIG_0 BANK1 Address: 0x48
RwW 7 6 5 4 3 2 1 0
— LEDSTART_POL — TGSYNC_IN_POL TGSYNC_IN_SRC
Default 0 0 0 0 0 1 0 0
Bits Name Description
75 — Reserved
4 LEDSTART_POL |[LEDSTART input polarity.
0 = (Default) Active high
1 = Active low
3 — Reserved
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Bits Name Description
2 TGSYNC_IN_POL |TGSYNC input polarity.

0 = Active high
1 = (Default) Active low

TGSYNC_IN_SRC

TGSYNC input source selection

00 = (Default) TGSYNC
01 = Reserved

10 = LEDSTART
11 = Reserved

7.2.39 TG_FILT_CONFIG_1

RW

BANK1 Address: 0x49

7 6 5 3 2 1 0
MCLK_SYNC_POL | TGSYNC_FILT_STAGE TGSYNC_FILT_DECM TGSYNC_FILT_EN
Default 0 1 0 0 1 1 0
Bits Name Description
7 MCLK_SYNC_POL |Selects the active edge of the MCLK input, for TGSYNC/LEDSTART timing.
0 = (Default) Falling
1 = Rising
6:4 TGSYNC_FILT_ | TGSYNC filter stage selection
STAGE 000 = 2 stage 011 = 8 stage
001 = 4 stage 100 = (Default) 10 stage
010 = 6 stage 101-111 = Reserved
3:1 TGSYNC_FILT_ | TGSYNC filter decimation frequency division ratio
DECM 000 = 1 divs 011 = (Default) 4 divs
001 = 2 divs
111 = 8 divs
0 TGSYNC_FILT_EN |TGSYNC input filter enable
0 = (Default) Disabled
1 = Enabled
7.2.40 PWM CONFIG 0 BANK1 Address: 0x4C
RW 7 6 5 3 2 1 0
LED_CLK_DIV — NUM_SEQ_STATES
Default 0 0 0 0 0 0 0
Bits Name Description
74 LED_CLK DIV Configures the MCLK division for the LED_CLK pulse waveform.
The divided MCLK controls the resolution (step-size) of the LED_CLK period/duty-cycle parameters.
0x0 = (Default) 1 clocks
0x1 =2 clocks OxF = 16 clocks
3:2 — Reserved
1:0 | NUM_SEQ_STATES |Number of sequence states
00 = (Default) 1 state 10 = 3 state
01 = 2 state 11 = 4 state

DS1349F1

Copyright © 2024-2026 Cirrus Logic, Inc. and Cirrus Logic International Semiconductor Ltd.

73



https://www.cirrus.com

—m
——mm

—== CIRRUS LOGIC" CS82L41

7.2 BANK1
7.2.41 PWM_CON F|G_1 BANK1 Address: 0x4D
RwW 7 6 5 4 3 2 1 0
LEDG_SEQ_SEL LEDR SEQ_SEL
Default 0 0 0 0 0 0 0 0
Bits Name Description
74 LEDG_SEQ_SEL |LEDG sequence state select
Bit [0] — enable in State 0
Bit [1] — enable in State 1
Bit [2] — enable in State 2
Bit [3] — enable in State 3
3:0 LEDR_SEQ_SEL |LEDR sequence state select
Bit [0] — enable in State 0
Bit [1] — enable in State 1
Bit [2] — enable in State 2
Bit [3] — enable in State 3
7.2.42 PWM_CON F|G_2 BANK1 Address: 0x4E
RW 7 6 5 4 3 2 1 0
— LEDB_SEQ_SEL
Default 0 0 0 0 0 0 0 0
Bits Name Description
74 — Reserved
3:.0 LEDB_SEQ_SEL |LEDB sequence state select
Bit [0] — enable in State 0
Bit [1] — enable in State 1
Bit [2] — enable in State 2
Bit [3] — enable in State 3
7.2.43 PWM_CON F|G_3 BANK1 Address: 0x4F
RW 7 6 5 4 3 2 1 0
— TsYNC_SEQ RsT | TOSNEANGLE. || EpsTaRT sEq T IN_SEQ_SEL ACYC_EN
Default 0 0 0 0 0 0 0 1
Bits Name Description
7:6 — Reserved

5 | TGSYNC_SEQ_RST

Selects what action is taken if TGSYNC is asserted before the configured length of the state sequence.
Valid for Multi Cycle mode only.

0 = (Default) TGSYNC is ignored
1 = TGSYNC restarts sequence

4 | TGSYNC_SINGLE_
SEQ

Cycle mode selection
Multi Cycle: one TGSYNC pulse triggers a full cycle of the configured number of states
Single Cycle: a TGSYNC pulse is required for each state transition

0 = (Default) Multi Cycle
1 = Single Cycle

3 | LEDSTART_SEQ_
INIT

Sequence start condition selection
If this bit is set, the TG sequence can only be initiated using the TGSYNC and LEDSTART signals together.

0 = (Default) TGSYNC
1 = TGSYNC and LEDSTART

2:1 IN_SEQ_SEL

Sequence-state select for PGA gain, DC offset, and digital gain.
Only valid if auto-cycle is disabled.

00 = (Default) State 0 10 = State 2
01 = State 1 11 = State 3

0 ACYC_EN

Enables auto-cycle of gain/offset configuration

0 = Disabled
1 = (Default) Enabled
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7.2.44 PWM_S0_CFG_0

BANK1 Address: 0x50

RwW 7 6 5 4 | 3 2 1 0
LED_SEQO_PERIOD_0
Default 0 0 0 0 | 0 0 0 0
Bits Name Description
7:0 LED_SEQO_ LED_CLK period in State 0.

PERIOD_0 This field contains bits [7:0] of the 15-bit code, valid from 0-32767.

The LSB units are equal to the divided MCLK period set by LED CLK_DIV.

7.2.45 PWM_SO0_CFG 1

BANK1 Address: 0x51

Rw 7 6 5 4 | 3 2 1 0
_ | LED_SEQO_PERIOD_1
Default 0 0 0 0 | 0 0 0 0
Bits Name Description
7 — Reserved
6:0 LED_SEQO_ LED_CLK period in State 0.

PERIOD_1 This field contains bits [14:8] of the 15-bit code, valid from 0-32767.

The LSB units are equal to the divided MCLK period set by LED _CLK_DIV.

7.2.46 PWM_S0_CFG_2

RW 7 6 5 4 | 3 2

BANK1 Address: 0x52

1 0
LED_SEQO0_DUTY_0
Default 0 0 0 0 | 0 0 0 0
Bits Name Description

7:0 |LED_SEQO_DUTY_O0|LED_CLK duty cycle in State 0.
This field contains bits [7:0] of the 15-bit code, valid from 0-32767.
The LSB units are equal to the divided MCLK period set by LED_CLK_DIV.

7.2.47 PWM_S0_CFG_3

BANK1 Address: 0x53

RwW 7 6 5 4 | 3 2 1 0
_ | LED_SEQO_DUTY_1
Default 0 0 0 0 | 0 0 0 0
Bits Name Description
7 — Reserved

6:0 |LED_SEQO_DUTY_1|LED_CLK duty cycle in State 0.
This field contains bits [14:8] of the 15-bit code, valid from 0-32767.
The LSB units are equal to the divided MCLK period set by LED_CLK_DIV.

7.2.48 PWM_S1_CFG_0

BANK1 Address: 0x54

RwW 7 6 5 4 | 3 2 1 0
LED_SEQ1_PERIOD_0
Default 0 0 0 0 | 0 0 0 0
Bits Name Description
7:0 LED_SEQ1_ LED_CLK period in State 1.

PERIOD_0 This field contains bits [7:0] of the 15-bit code, valid from 0-32767.

The LSB units are equal to the divided MCLK period set by LED_CLK_DIV.
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7.2.49 PWM_S1_CFG_1

BANK1 Address: 0x55

RW 7 6 5 4 | 3 2 0
— | LED_SEQ1_PERIOD_1
Default 0 0 0 0 | 0 0 0
Bits Name Description
7 — Reserved
6:0 LED_SEQ1_ LED_CLK period in State 1.
PERIOD_1 This field contains bits [14:8] of the 15-bit code, valid from 0-32767.
The LSB units are equal to the divided MCLK period set by LED_CLK_DIV.

7.2.50 PWM_S1_CFG_2

BANK1 Address: 0x56

RwW 7 6 5 4 | 3 2 0
LED_SEQ1_DUTY_0
Default 0 0 0 0 | 0 0 0
Bits Name Description

7:0 |LED_SEQ1_DUTY_O|LED_CLK duty cycle in State 1.
This field contains bits [7:0] of the 15-bit code, valid from 0-32767.
The LSB units are equal to the divided MCLK period set by LED_CLK_DIV.

7.2.51 PWM_S1_CFG_3

BANK1 Address: 0x57

Rw 7 6 5 4 | 3 2 0
_ | LED_SEQ1_DUTY_1
Default 0 0 0 0 | 0 0 0
Bits Name Description
7 — Reserved

6:0 |LED_SEQ1_DUTY_1|LED_CLK duty cycle in State 1.
This field contains bits [14:8] of the 15-bit code, valid from 0-32767.
The LSB units are equal to the divided MCLK period set by LED_CLK_DIV.

7.2.52 PWM_S2_CFG_0

BANK1 Address: 0x58

RwW 7 6 5 4 | 3 2 0
LED_SEQ2_PERIOD_0
Default 0 0 0 0 | 0 0 0
Bits Name Description
7:0 LED_SEQ2_ LED_CLK period in State 2.

PERIOD_0 This field contains bits [7:0] of the 15-bit code, valid from 0-32767.
The LSB units are equal to the divided MCLK period set by LED_CLK_DIV.

7.2.53 PWM_S2_CFG_1

BANK1 Address: 0x59

RwW 7 6 5 4 | 3 2 0
— | LED_SEQ2_PERIOD_1
Default 0 0 0 0 | 0 0 0
Bits Name Description
7 — Reserved
6:0 LED_SEQ2_ LED_CLK period in State 2.
PERIOD_1 This field contains bits [14:8] of the 15-bit code, valid from 0-32767.
The LSB units are equal to the divided MCLK period set by LED_CLK_DIV.
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7.2 BANK1

7.2.54 PWM_S2_CFG_2

BANK1 Address: 0x5A

RwW 7 6 5 4 | 3 2 0
LED_SEQ2_DUTY_0
Default 0 0 0 0 | 0 0 0 0
Bits Name Description

7:0 |LED_SEQ2_DUTY_O|LED_CLK duty cycle in State 2.
This field contains bits [7:0] of the 15-bit code, valid from 0-32767.
The LSB units are equal to the divided MCLK period set by LED_CLK_DIV.

7.2.55 PWM_S2_CFG_3

RW 7 6 5 4 | 3 2

BANK1 Address: 0x5B

0
_ | LED_SEQ2_DUTY_1
Default 0 0 0 0 | 0 0 0 0
Bits Name Description
7 — Reserved

6:0 |LED_SEQ2_DUTY_1|LED_CLK duty cycle in State 2.
This field contains bits [14:8] of the 15-bit code, valid from 0-32767.
The LSB units are equal to the divided MCLK period set by LED_CLK_DIV.

7.2.56 PWM_S3_CFG_0

BANK1 Address: 0x5C

RwW 7 6 5 4 | 3 2 0
LED_SEQ3_PERIOD_0
Default 0 0 0 0 | 0 0 0
Bits Name Description
7:0 LED_SEQ3_ LED_CLK period in State 3.

PERIOD_0 This field contains bits [7:0] of the 15-bit code, valid from 0-32767.
The LSB units are equal to the divided MCLK period set by LED_CLK_DIV.

7.2.57 PWM_S3_CFG_1

BANK1 Address: 0x5D

RW 7 6 5 4 | 3 2 0
_ | LED_SEQ3_PERIOD_1
Default 0 0 0 0 | 0 0 0
Bits Name Description
7 — Reserved
6:0 LED_SEQS3_ LED_CLK period in State 3.
PERIOD_1 This field contains bits [14:8] of the 15-bit code, valid from 0-32767.
The LSB units are equal to the divided MCLK period set by LED_CLK_DIV.

7.2.58 PWM_S3 CFG_2

BANK1 Address: 0x5E

RwW 7 6 5 4 | 3 2 0
LED_SEQ3_DUTY_0
Default 0 0 0 0 | 0 0 0
Bits Name Description

7:0 |LED_SEQ3_DUTY_0|LED_CLK duty cycle in State 3.
This field contains bits [7:0] of the 15-bit code, valid from 0-32767.
The LSB units are equal to the divided MCLK period set by LED_CLK_DIV.
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7.2 BANK1

7.2.59 PWM_S3_CFG_3

BANK1 Address: 0x5F

RwW 7 6 5 4 | 3 2 1 0
_ LED_SEQ3_DUTY._1
Default 0 0 0 0 | 0 0 0 0
Bits Name Description
7 — Reserved

6:0 |LED_SEQ3_DUTY_1

LED_CLK duty cycle in State 3.
This field contains bits [14:8] of the 15-bit code, valid from 0-32767.
The LSB units are equal to the divided MCLK period set by LED_CLK_DIV.

7.2.60 LED _START STOP1 0

BANK1 Address: 0x60

RW 7 6 5 4 | 3 2 1 0
— LED_SEQO_START
Default 0 0 0 0 | 0 0 0 0
Bits Name Description
7 — Reserved

6:0 | LED_SEQQO_START

Selects the first pulse cycle in State 0 in which the LED driver is enabled.
The LED driver is enabled in pulse cycles from LED_SEQO_START through LED_SEQO_END.

0x00 = (Default) 0 cycles 0xOF =15 cycles
0x01 =1 cycles 0x10-0x7F = Reserved

7.2.61 LED_START_STOP1_1 BANK1 Address: 0x61
RW 7 6 5 4 | 3 2 1 0
_ LED_SEQO_END
Default 0 0 0 0 | 0 0 0 0
Bits Name Description
7 — Reserved

6:0 LED_SEQO_END

Selects the last pulse cycle in State 0 in which the LED driver is enabled.
The LED driver is enabled in pulse cycles from LED_SEQO_START through LED_SEQO_END.

0x00 = (Default) 0 cycles 0xOF =15 cycles
0x01 =1 cycles 0x10-0x7F = Reserved

7.2.62 LED_START STOP1 2

RW

BANK1 Address: 0x62

7 6 5 4 | 3 2 1 0
— LED_SEQ1_START
Default 0 0 0 0 | 0 0 0 0
Bits Name Description
7 — Reserved

6:0 | LED_SEQ1_START

Selects the first pulse cycle in State 1 in which the LED driver is enabled.
The LED driver is enabled in pulse cycles from LED_SEQ1_START through LED_SEQ1_END.

0x00 = (Default) O cycles O0xOF =15 cycles
0x01 =1 cycles 0x10-0x7F = Reserved
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7.2 BANK1

7.2.63 LED_START_STOP1_3
RW

BANK1 Address: 0x63

7 6 5 4 | 3 2 1 0
_ | LED_SEQ1_END
Default 0 0 0 0 | 0 0 0 0
Bits Name Description
7 — Reserved
6:0 LED_SEQ1_END |Selects the last pulse cycle in State 1 in which the LED driver is enabled.

The LED driver is enabled in pulse cycles from LED_SEQ1_START through LED_SEQ1_END.

0x00 = (Default) 0 cycles 0xOF =15 cycles
0x01 =1 cycles 0x10-0x7F = Reserved

7.2.64 LED_START STOP2 0
RW

BANK1 Address: 0x64

s

7 6 5 3 2 1 0
_ | LED_SEQ2_START
Default 0 0 0 0 | 0 0 0 0
Bits Name Description
7 — Reserved
6:0 | LED_SEQ2 START |Selects the first pulse cycle in State 2 in which the LED driver is enabled.

The LED driver is enabled in pulse cycles from LED_SEQ2_START through LED_SEQ2_ END.
0x00 = (Default) 0 cycles 0xOF =15 cycles
0x01 =1 cycles 0x10-0x7F = Reserved

7.2.65 LED_START STOP2_1

RW

BANK1 Address: 0x65

7 6 5 3 2 1 0
_ | LED_SEQ2_END
Default 0 0 0 0 | 0 0 0 0
Bits Name Description
7 — Reserved
6:0 LED_SEQ2_END |Selects the last pulse cycle in State 2 in which the LED driver is enabled.

The LED driver is enabled in pulse cycles from LED_SEQ2_START through LED_SEQ2_END.

0x00 = (Default) O cycles O0xOF =15 cycles
0x01 =1 cycles 0x10-0x7F = Reserved

7.2.66 LED_START STOP2 2

BANK1 Address: 0x66

RwW 7 6 5 4 | 3 2 1 0
_ | LED_SEQ3_START
Default 0 0 0 0 | 0 0 0 0
Bits Name Description
7 — Reserved
6:0 | LED_SEQ3_ START |Selects the first pulse cycle in State 3 in which the LED driver is enabled.

The LED driver is enabled in pulse cycles from LED_SEQ3_START through LED_SEQ3_END.

0x00 = (Default) O cycles O0xOF =15 cycles
0x01 =1 cycles 0x10-0x7F = Reserved
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7.3 BANK2

7.2.67 LED_START_STOP2_3

BANK1 Address: 0x67

RwW 7 6 5 4 | 3 2 1 0
_ | LED_SEQ3_END
Default 0 0 0 0 | 0 0 0 0
Bits Name Description
7 — Reserved
6:0 LED_SEQ3_END |Selects the last pulse cycle in State 3 in which the LED driver is enabled.

The LED driver is enabled in pulse cycles from LED_SEQ3_START through LED_SEQ3_END.
0x00 = (Default) 0 cycles O0xOF =15 cycles

0x01 =1 cycles 0x10-0x7F = Reserved

7.2.68 LED_CTRL_STATUS

RO

BANK1 Address: 0x68

7 6 5 4 3 2 1 0
LED_MAX_ LED_CTRL_SHORT_
- SEQ_STATE_STS CURRENT ERR ERR -
Default 0 0 0 0 0 0 0 0
Bits Name Description
7 — Reserved
6:5 SEQ_STATE_STS |Current sequence state
00 = (Default) State 0 10 = State 2
01 = State 1 11 = State 3
4 LED_MAX_ Maximum current error. Indicates the sum of LEDR_COARSE, LEDG_COARSE, and LEDB_COARSE for the
CURRENT_ERR |active LED channels exceeds 0b11.
Only applies to active channels (enabled using LEDx_EN and by an asserted hardware pin or LED_CLK pulse
waveform).
If this bit is set, the fine current selections are restricted to a maximum of 45 mA.
In most configurations, the error indicates a sum exceeding 135 mA. The combination of 33mA + 49mA + 49mA
(total 131 mA) also triggers the maximum-current response.
0 = (Default) Normal
1 = Max current error
3 LED _CTRL_ Short circuit detection on LED control resistor. Indicates a short circuit in the ILED_CTRL external resistor.
SHORT_ERR 0 = (Default) Normal
1 = Short detected
2.0 — Reserved

7.3 BANK2—MSM

7.3.1 BANK BANKn (n = 0-7) Address: 0x00
7 6 5 4 3 2 1 0
DESCRIM — BANK
Access RO — RW
Default 1 1 0 0 0 0 0 0
Bits Name Description
74 DESCRIM Read-only device identifier field. Readback value is 0xC.
3 — Reserved
2.0 BANK Selects the active bank for SPI access.
000 = (Default) Bank 0 100 = Bank 4
001 = Bank 1 101 = Bank 5
010 = Bank 2 110 = Bank 6
011 =Bank 3 111 =Bank 7
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7.3 BANK2
7.3.2 ASYNCO 0 BANKn (n = 0-7) Address: 0x04
RO 7 6 5 4 3 2 1 0
— ACTIVE_ERROR_STS| TEMP_ERROR_STS — MCLK_ERROR_sTs | STARTUPERROR_ | goor_ERROR STS
Default 0 0 0 0 0 0 0 0
Bits Name Description
7:6 — Reserved
5 ACTIVE_ERROR _ |Path error status. Indicates an error condition in the Active or Ready states.
STS 0 = (Default) Normal
1 = Error
4 | TEMP_ERROR_STS | Temperature error status. Indicates an overtemperature condition has been detected.
0 = (Default) Normal
1 = Error
3 — Reserved
2 MCLK_ERROR_STS |MCLK error status. Indicates MCLK is invalid or absent in the Idle State.
0 = (Default) Normal
1 = Error
1 STARTUP_ERROR_ |Start up error status. Indicates an error detected during start-up.
STS 0 = (Default) Normal
1 = Error
0 |BOOT_ERROR_STS |Boot error status. Indicates an error detected during boot.
0 = (Default) Normal
1 = Error
7.3.3 ASYNCO 1 BANKn (n = 0-7) Address: 0x05
RwW 7 6 5 4 | 3 2 1 0
— | osc_DIsABLE
Default 0 0 0 0 | 0 0 0 0
Bits Name Description
71 — Reserved
0 OSC_DISABLE |Oscillator disable. Setting this bit places the device in a low-power Sleep State.

Note that the host must return the device to the Idle State before writing to any other control registers.

0 = (Default) RCO enabled
1 = RCO disabled

7.34 SFT RESET BANKn (n = 0-7) Address: 0x08
WO 7 6 5 4 | 3 2 1 0
SFT_RESET
Default 0 0 0 0 | 0 0 0 0
Bits Name Description
7:0 SFT_RESET Software reset. Write 0x5A to execute a software reset.
0x00 = (Default) No action 0x5A = Software reset
0x01-0x59 = Reserved 0x5B—-0xFF = Reserved
7.3.5 DEVICE_STATUS 0 BANK2 Address: 0x10
RO 7 6 5 4 3 2 1 0
ERROR_STS | — | ACTIVE_STS READY_STS — IDLE_STS STARTUP_STS
Default 0 0 0 0 0 0 0 0
Bits Name Description
7 ERROR_STS Indicates the device is in the ERROR state.

0 = (Default) Not in ERROR state
1 = ERROR state

6 — Reserved
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Bits

Name

Description

5

ACTIVE_STS

Indicates the device is in the ACTIVE state. This is the fully operational state, supporting active sampling and
data output.

0 = (Default) Not in ACTIVE state
1 = ACTIVE state

READY_STS

Indicates the device is in the READY state. The analog input path and internal clocking circuits are fully enabled.
The data-output interface is enabled (Logic 0 output), ready to support sample data in the configured format.

0 = (Default) Not in READY state
1 = READY state

Reserved

IDLE_STS

Indicates the device is in the Idle State. This is a low-power state in which the device can be configured for the
required operational behavior.

0 = (Default) Not in IDLE state
1 = IDLE state

STARTUP_STS

Indicates the device is in the Startup State. This is the initial state following reset, in which the device performs
necessary start-up processes.

0 = (Default) Not in STARTUP state
1 = STARTUP state

7.3.6 DEVICE_STATUS 2 BANK2 Address: 0x12
RO 7 6 5 4 | 3 2 1 0
vopA STS | —
Default 0 0 0 0 | 0 1 0 0
Bits Name Description
7 VDDA_STS VDD_A status. Indicates whether a valid VDD_A supply is present.

0 = (Default) VDD_A is present
1 =VDD_A s not present.

6:0 — Reserved

7.4 BANK3—MSM

7.41 BANK BANKn (n = 0-7) Address: 0x00
7 6 5 4 3 2 1 0
DESCRIM — BANK
Access RO — RW
Default 1 1 0 0 0 0 0 0
Bits Name Description
74 DESCRIM Read-only device identifier field. Readback value is 0xC.
3 — Reserved
2.0 BANK Selects the active bank for SPI access.
000 = (Default) Bank 0 100 = Bank 4
001 = Bank 1 101 = Bank 5
010 = Bank 2 110 = Bank 6
011 =Bank 3 111 =Bank 7
7.4.2 ASYNCO 0 BANKn (n = 0-7) Address: 0x04
RO 7 6 5 4 3 2 1 0
— ACTIVE_ERROR_STS| TEMP_ERROR_STS — MCLK_ERROR sTs | STARTLERROR | goor ERROR STS
Default 0 0 0 0 0 0 0 0
Bits Name Description
7:6 — Reserved
5 ACTIVE_ERROR _ |Path error status. Indicates an error condition in the Active or Ready states.
STS 0 = (Default) Normal
1 = Error
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7.4 BANK3
Bits Name Description
4 | TEMP_ERROR_STS | Temperature error status. Indicates an overtemperature condition has been detected.
0 = (Default) Normal
1 = Error
3 — Reserved
2 MCLK_ERROR_STS |MCLK error status. Indicates MCLK is invalid or absent in the Idle State.
0 = (Default) Normal
1 = Error
1 STARTUP_ERROR_ |Start up error status. Indicates an error detected during start-up.
STS 0 = (Default) Normal
1 = Error
0 |BOOT_ERROR_STS |Boot error status. Indicates an error detected during boot.
0 = (Default) Normal
1 = Error
7.4.3 ASYNCO 1 BANKn (n = 0-7) Address: 0x05
RwW 7 6 5 4 | 3 2 1 0
— | osc_DisBLE
Default 0 0 0 0 | 0 0 0 0
Bits Name Description
71 — Reserved
0 OSC_DISABLE Oscillator disable. Setting this bit places the device in a low-power Sleep State.
Note that the host must return the device to the Idle State before writing to any other control registers.
0 = (Default) RCO enabled
1 = RCO disabled
7.4.4 SFT RESET BANKn (n = 0-7) Address: 0x08
WO 7 6 5 4 | 3 2 1 0
SFT_RESET
Default 0 0 0 0 | 0 0 0 0
Bits Name Description
7:0 SFT_RESET Software reset. Write 0x5A to execute a software reset.
0x00 = (Default) No action 0x5A = Software reset
0x01-0x59 = Reserved 0x5B—0xFF = Reserved
7.4.5 BANK BANKn (n = 0-7) Address: 0x00
7 6 5 4 3 2 1 0
DESCRIM — BANK
Access RO — RW
Default 1 1 0 0 0 0 0 0
Bits Name Description
74 DESCRIM Read-only device identifier field. Readback value is 0xC.
3 — Reserved
2:0 BANK Selects the active bank for SPI access.
000 = (Default) Bank 0 100 = Bank 4
001 = Bank 1 101 = Bank 5
010 = Bank 2 110 = Bank 6
011 = Bank 3 111 =Bank 7
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7.4 BANK3
7.4.6 ASYNCO 0 BANKn (n = 0-7) Address: 0x04
RO 7 6 5 4 3 2 1 0
— ACTIVE_ERROR_STS| TEMP_ERROR_STS — MCLK_ERROR_sTs | STARTUPERROR_ | goor_ERROR STS
Default 0 0 0 0 0 0 0 0
Bits Name Description
7:6 — Reserved
5 ACTIVE_ERROR _ |Path error status. Indicates an error condition in the Active or Ready states.
STS 0 = (Default) Normal
1 = Error
4 | TEMP_ERROR_STS | Temperature error status. Indicates an overtemperature condition has been detected.
0 = (Default) Normal
1 = Error
3 — Reserved
2 MCLK_ERROR_STS |MCLK error status. Indicates MCLK is invalid or absent in the Idle State.
0 = (Default) Normal
1 = Error
1 STARTUP_ERROR_ |Start up error status. Indicates an error detected during start-up.
STS 0 = (Default) Normal
1 = Error
0 |BOOT_ERROR_STS |Boot error status. Indicates an error detected during boot.
0 = (Default) Normal
1 = Error
7.4.7 ASYNCO 1 BANKn (n = 0-7) Address: 0x05
RW 7 6 5 4 | 3 2 1 0
— | osc_DIsABLE
Default 0 0 0 0 | 0 0 0 0
Bits Name Description
71 — Reserved
0 OSC_DISABLE |Oscillator disable. Setting this bit places the device in a low-power Sleep State.
Note that the host must return the device to the Idle State before writing to any other control registers.
0 = (Default) RCO enabled
1 = RCO disabled
7.4.8 SFT RESET BANKn (n = 0-7) Address: 0x08
WO 7 6 5 4 | 3 2 1 0
SFT_RESET
Default 0 0 0 0 | 0 0 0 0
Bits Name Description
7:0 SFT_RESET Software reset. Write 0x5A to execute a software reset.
0x00 = (Default) No action 0x5A = Software reset
0x01-0x59 = Reserved 0x5B—0xFF = Reserved
749 BANK BANKn (n = 0-7) Address: 0x00
7 6 5 4 3 2 1 0
DESCRIM — BANK
Access RO — RW
Default 1 1 0 0 0 0 0 0
Bits Name Description
74 DESCRIM Read-only device identifier field. Readback value is 0xC.
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Bits Name Description
3 — Reserved
2:0 BANK Selects the active bank for SPI access.
000 = (Default) Bank 0 100 = Bank 4
001 = Bank 1 101 = Bank 5
010 = Bank 2 110 = Bank 6
011 =Bank 3 111 =Bank 7
7.4.10 ASYNCO_O BANKn (n = 0-7) Address: 0x04
RO 7 6 5 4 3 2 1 0
— ACTIVE_ERROR_STS| TEMP_ERROR_STS — MCLK_ERROR sTs | STARTUEERROR_.| goor ERROR STS
Default 0 0 0 0 0 0 0 0
Bits Name Description
76 — Reserved
5 ACTIVE_ERROR _ |Path error status. Indicates an error condition in the Active or Ready states.
STS 0 = (Default) Normal
1 = Error
4 | TEMP_ERROR_STS | Temperature error status. Indicates an overtemperature condition has been detected.
0 = (Default) Normal
1 = Error
3 — Reserved
2 MCLK_ERROR_STS |MCLK error status. Indicates MCLK is invalid or absent in the Idle State.
0 = (Default) Normal
1 = Error
1 STARTUP_ERROR_ |Start up error status. Indicates an error detected during start-up.
STS 0 = (Default) Normal
1 = Error
0 BOOT_ERROR_STS |Boot error status. Indicates an error detected during boot.
0 = (Default) Normal
1 = Error
7.4.11 ASYNCO_1 BANKn (n = 0-7) Address: 0x05
RwW 7 6 5 4 | 3 2 1 0
— | osc_DisABLE
Default 0 0 0 0 | 0 0 0 0
Bits Name Description
71 — Reserved
0 OSC_DISABLE Oscillator disable. Setting this bit places the device in a low-power Sleep State.

Note that the host must return the device to the Idle State before writing to any other control registers.

0 = (Default) RCO enabled
1 = RCO disabled

7.412 SFT_RESET

BANKn (n = 0-7) Address: 0x08

WO 7 6 5 4 | 3 2 1 0
SFT_RESET

Default 0 0 0 0 | 0 0 0 0

Bits Name Description

7:0 SFT_RESET Software reset. Write 0x5A to execute a software reset.
0x00 = (Default) No action 0x5A = Software reset
0x01-0x59 = Reserved 0x5B—0xFF = Reserved
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8 Thermal Characteristics

Table 8-1. Typical JEDEC Four-Layer, 2s2p Board Thermal Characteristics

28X b —=

Parameter Symbol QFN Units
Junction-to-ambient thermal resistance 04A 37.52 °C/W
Junction-to-board thermal resistance 68 23.05 °C/W
Junction-to-case (top) thermal resistance Byc 65.22 °C/IW
Junction-to-board thermal-characterization parameter Yig 20.94 °C/IW
Junction-to-package-top thermal-characterization parameter Y1 3.95 °C/IW
Notes:
» Natural convection at the maximum recommended operating temperature Tp (see Table 3-1)
» Four-layer, 2s2p PCB as specified by JESD51-9 and JESD51-11; dimensions: 101.5 x 114.5 x 1.6 mm
» Exposed pad is connected to the PCB ground layer through a 3 x 3 thermal via array; vias are 0.3 mm diameter, plated.
* Thermal parameters as defined by JESD51-12
9 Package Dimensions
& [} [Z/Tesele [Slece[c]
El c M SYMBOL | MIN | NOM | MAX
28 | SEA“NGMPEA;N_E_ |[TOTAL THICKNESS A 0.7 0.75 0.8
! —| |STAND OFF A 0 0.035 | 0.05
| : MOLD THICKNESS A2 —— 0.55 ——
1 | | L/F THICKNESS A3 0.203 REF
/. | H LEAD WIDTH b 0.15 0.2 0.25
PIN 1 CORNER —] i i Boby size I t z : 222
| | LEAD PITCH e 0.4 BSC
i i [ x J 26 2.7 2.8
T — - —|— -------- — I:E] —_— | fP sizE [ Y K 2.6 2.7 2.8
! : LEAD LENGTH L 0.3 0.35 0.4
| | PACKAGE EDGE TOLERANCE aaa 0.1
| MOLD FLATNESS bbb 0.1
| | COPLANARITY cce 0.08
H | LEAD OFFSET ddd 0.1
| \ EXPOSED PAD OFFSET eee 0.1
a ]
{2 ]aag[C] Al
TOP_VIEW (A3)
, .
[@]eee[C[A[B]
22 | 28 PIN 1 1.0.
e
|
oo HJ dod
21 ] i R (s E
] ! [
- | =
K NOTES
[&]eeelc]als] _a_ ----- —!_ ----- _E_ 1.0 E%I;L&N/’\DRAIEY APPLIES TO LEADS, CORNER LEADS AND DIE
:l | |: 2.0 TOTAL THICKNESS NOT INCLUDE SAW BURR.
] i [
15[ ] i \ -
U U U i U U EXPOSED DIE
28X L——I =~ “ l 8 ATTACH PAD
Alg]

$[ddd®
BOTTOM VIEW
_VIEW M-M

Figure 9-1. QFN 28-pin Package Drawing
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10 Package Marking

10 Package Marking

Pin 1 Location Indicator

¥

XXXXXXXXXX
AARRLLYYWW
CO
72777

Line 1: Part number AA = Assembly site code
Line 2: Package mark RR = Device revision code
Line 3: Country of origin (CO) LL = Lot sequence code
Line 4: Encoded wafer/device ID  YY = Year of manufacture
WW = Work week of manufacture

Figure 10-1. Package Marking

11 Ordering Information

Table 11-1. Ordering Information

Product Description Package Co?nog:is;nt Grade Tenl;gtre‘géure Container Ordﬁ:"a::]o:::rart
CS82L41 |Video AFE with CMOS 28-pin QFN Yes Commercial | —40 °C to +85 °C Tape and CS82L41-DNR
data output Reel
Tray CS82L41-DN

12 Revision History

Table 12-1. Revision History

Revision Changes
F1 * Initial production release
APR 2026

Important: Please check www.cirrus.com or with your Cirrus Logic sales representative to confirm that you are using the latest revision of this
document and to determine whether there are errata associated with this device.
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12 Revision History

Contacting Cirrus Logic Support
For all product questions and inquiries, contact a Cirrus Logic Sales Representative.
To find one nearest you, go to www.cirrus.com.

IMPORTANT NOTICE

The products and services of Cirrus Logic International (UK) Limited; Cirrus Logic, Inc.; and other companies in the Cirrus Logic group (collectively either “Cirrus
Logic” or “Cirrus”) are sold subject to Cirrus Logic’s terms and conditions of sale supplied at the time of order acknowledgment, including those pertaining to
warranty, indemnification, and limitation of liability. Software is provided pursuant to applicable license terms. Cirrus Logic reserves the right to make changes to
its products and specifications or to discontinue any product or service. Customers should therefore obtain the latest version of relevant information from Cirrus
Logic to verify that the information is current and complete. Testing and other quality control techniques are utilized to the extent Cirrus Logic deems necessary.
Specific testing of all parameters of each device is not necessarily performed. In order to minimize risks associated with customer applications, the customer must
use adequate design and operating safeguards to minimize inherent or procedural hazards. Cirrus Logic is not liable for applications assistance or customer
product design. The customer is solely responsible for its overall product design, end-use applications, and system security, including the specific manner in which
it uses Cirrus Logic components. Certain uses or product designs may require an intellectual property license from a third party. Features and operations
described herein are for illustrative purposes only and do not constitute a suggestion or instruction to adopt a particular product design or a particular mode of
operation for a Cirrus Logic component.

CIRRUS LOGIC PRODUCTS ARE NOT DESIGNED, TESTED, INTENDED OR WARRANTED FOR USE (1) WITH OR IN IMPLANTABLE PRODUCTS OR FDA/
MHRA CLASS Il (OR EQUIVALENT CLASSIFICATION) MEDICAL DEVICES, OR (2) IN ANY PRODUCTS, APPLICATIONS OR SYSTEMS, INCLUDING
WITHOUT LIMITATION LIFE-CRITICAL MEDICAL EQUIPMENT OR SAFETY OR SECURITY EQUIPMENT, WHERE MALFUNCTION OF THE PRODUCT
COULD CAUSE PERSONAL INJURY, DEATH, SEVERE PROPERTY DAMAGE OR SEVERE ENVIRONMENTAL HARM. INCLUSION OF CIRRUS LOGIC
PRODUCTS IN SUCH APPLICATIONS IS UNDERSTOOD TO BE FULLY AT THE CUSTOMER'’S RISK AND CIRRUS LOGIC DISCLAIMS AND MAKES NO WARRANTY,
EXPRESS, STATUTORY OR IMPLIED, INCLUDING THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR PARTICULAR PURPOSE, WITH
REGARD TO ANY CIRRUS LOGIC PRODUCT THAT IS USED IN SUCH A MANNER. IF THE CUSTOMER OR CUSTOMER’S CUSTOMER USES OR PERMITS THE USE
OF CIRRUS LOGIC PRODUCTS IN SUCH A MANNER, CUSTOMER AGREES, BY SUCH USE, TO FULLY INDEMNIFY CIRRUS LOGIC, ITS OFFICERS, DIRECTORS,
EMPLOYEES, DISTRIBUTORS AND OTHER AGENTS FROM ANY AND ALL LIABILITY, INCLUDING ATTORNEYS’ FEES AND COSTS, THAT MAY RESULT FROM OR
ARISE IN CONNECTION WITH THESE USES.

This document is the property of Cirrus Logic, and you may not use this document in connection with any legal analysis concerning Cirrus Logic products
described herein. No license to any technology or intellectual property right of Cirrus Logic or any third party is granted herein, including but not limited to any
patent right, copyright, mask work right, or other intellectual property rights. Any provision or publication of any third party’s products or services does not
constitute Cirrus Logic’s approval, license, warranty or endorsement thereof. Cirrus Logic gives consent for copies to be made of the information contained herein
only for use within your organization with respect to Cirrus Logic integrated circuits or other products of Cirrus Logic, and only if the reproduction is without
alteration and is accompanied by all associated copyright, proprietary and other notices and conditions (including this notice). This consent does not extend to
other copying such as copying for general distribution, advertising or promotional purposes, or for creating any work for resale. This document and its information
is provided “AS IS” without warranty of any kind (express or implied). All statutory warranties and conditions are excluded to the fullest extent possible. No
responsibility is assumed by Cirrus Logic for the use of information herein, including use of this information as the basis for manufacture or sale of any items, or
for infringement of patents or other rights of third parties. Cirrus Logic, Cirrus, the Cirrus Logic logo design, and SoundClear are among the trademarks of Cirrus
Logic. Other brand and product names may be trademarks or service marks of their respective owners.

Copyright © 2024—2026 Cirrus Logic, Inc. and Cirrus Logic International Semiconductor Ltd. All rights reserved.
SPI is a trademark of Motorola.

DS1349F1 88
Copyright © 2024-2026 Cirrus Logic, Inc. and Cirrus Logic International Semiconductor Ltd.


https://www.cirrus.com
https://www.cirrus.com

	Imaging AFE with CMOS Data Output
	1 Pin Assignments and Descriptions
	1.1 QFN 28-Pin (Top View, Through-Package)
	1.2 QFN Pin Descriptions
	1.3 Termination of Unused Pins
	1.4 Electrostatic Discharge (ESD) Protection Circuitry

	2 Typical Connection Diagram
	3 Characteristics and Specifications
	Table 3-1. Recommended Operating Conditions
	Table 3-2. Absolute Maximum Ratings
	Table 3-3. Analog Input Path
	Table 3-4. LED Driver
	Table 3-5. LDO5 Regulator
	Table 3-6. Digital Interface Specifications and Characteristics
	Table 3-7. DC Characteristics
	Table 3-8. System Clocking, Startup and Shutdown
	Table 3-9. Temperature Monitoring and Protection Characteristics
	Table 3-10. Device Power Consumption
	Table 3-11. Switching Specifications—Video Sampling (Timing Mode 1)
	Table 3-12. Switching Specifications—Video Sampling (Timing Mode 2)
	Table 3-13. Switching Specifications—TGSYNC/LEDSTART Timing
	Table 3-14. Switching Specifications—Data Output
	Table 3-15. Switching Specifications—Monitor Output
	Table 3-16. Switching Specifications—SPI Port

	4 Functional Description
	4.1 Power Supplies and Reset
	4.1.1 LDO4 Regulator
	4.1.2 LDO5 Regulator
	4.1.3 Typical Power-Supply Configurations
	4.1.4 Resets

	4.2 Operational States
	4.2.1 Error Conditions

	4.3 MCLK Input
	4.4 Analog Input Path
	4.4.1 Input Sampling Mode
	4.4.2 Bias Voltage (VBIAS)
	4.4.3 Clamp Control
	4.4.4 Polarity Select
	4.4.5 Offset Control
	4.4.6 Analog Gain Control
	4.4.7 Analog to Digital Converter (ADC)
	4.4.8 Digital Invert
	4.4.9 Digital Gain Control
	4.4.10 Test Pattern Generator

	4.5 Digital Output Format
	4.6 Sample Timing Control
	4.6.1 Direct Pin Trigger (Timing Mode 1)
	4.6.2 MCLK-Aligned Trigger (Timing Mode 2)

	4.7 TG Sync and Sequence State Control
	4.7.1 Sequence State
	4.7.2 TG Sync Control

	4.8 LED Driver Control
	4.8.1 Internal Timing Control (LED_CLK)
	4.8.2 Current Control
	4.8.3 Fault Detection

	4.9 Control Interface
	4.9.1 Shared Bus Mode

	4.10 Pin Configuration and General-Purpose Input/Output
	4.10.1 Pin Function Select
	4.10.2 General Purpose Input/Output
	4.10.3 Digital I/O Pin Configuration

	4.11 Debug Monitor Output
	4.12 Device ID

	5 Applications
	5.1 Output Code Calculation
	5.1.1 Example Calculation—CDS Mode
	5.1.2 Example Calculation—Non-CDS Mode


	6 Register Quick Reference
	6.1 BANK0
	6.2 BANK1
	6.3 BANK2
	6.4 BANK3

	7 Register Descriptions
	7.1 BANK0
	7.1.1 BANK
	7.1.2 ASYNC0_0
	7.1.3 ASYNC0_1
	7.1.4 SFT_RESET
	7.1.5 DEVID_0
	7.1.6 DEVID_1
	7.1.7 DEVID_2
	7.1.8 REVID
	7.1.9 RELID
	7.1.10 CCM_AFECLK_CFG_0
	7.1.11 CCM_AFECLK_CFG_1
	7.1.12 CCM_AFECLK_CFG_2
	7.1.13 DEVICE_CTRL_0
	7.1.14 DEVICE_CTRL_1
	7.1.15 DEVICE_CTRL_2
	7.1.16 DEVICE_CTRL_3
	7.1.17 RLCDAC_CTRL_0
	7.1.18 RLCDAC_CTRL_1
	7.1.19 RLCDAC_CTRL_2
	7.1.20 OP_FORMAT_CFG1_0
	7.1.21 OP_FORMAT_CFG1_1
	7.1.22 LED_EN_SEL_0
	7.1.23 LED_EN_SEL_2
	7.1.24 GPI_VAL_0
	7.1.25 GPI_VAL_2
	7.1.26 GPI_VAL_3
	7.1.27 CMOS_CFG_0
	7.1.28 CMOS_CFG_1
	7.1.29 CMOS_CFG_2
	7.1.30 CMOS_CFG_3
	7.1.31 MCLK_CFG
	7.1.32 LED_EN_CFG_0
	7.1.33 LED_EN_CFG_1
	7.1.34 LED_EN_CFG_2
	7.1.35 LED_EN_CFG_3
	7.1.36 VSMP_EXT_CFG
	7.1.37 DOUT_CFG_0
	7.1.38 DOUT_CFG_1
	7.1.39 DOUT_CFG_2

	7.2 BANK1
	7.2.1 BANK
	7.2.2 ASYNC0_0
	7.2.3 ASYNC0_1
	7.2.4 SFT_RESET
	7.2.5 DAC_CTRL_OFS01_CH1_0
	7.2.6 DAC_CTRL_OFS01_CH1_1
	7.2.7 DAC_CTRL_OFS01_CH1_2
	7.2.8 DAC_CTRL_OFS01_CH1_3
	7.2.9 DAC_CTRL_OFS23_CH1_0
	7.2.10 DAC_CTRL_OFS23_CH1_1
	7.2.11 DAC_CTRL_OFS23_CH1_2
	7.2.12 DAC_CTRL_OFS23_CH1_3
	7.2.13 PGA_CTRL_AGAIN_CH1_0
	7.2.14 PGA_CTRL_AGAIN_CH1_1
	7.2.15 PGA_CTRL_AGAIN_CH1_2
	7.2.16 PGA_CTRL_AGAIN_CH1_3
	7.2.17 DGAIN_SEQ01_CH1_0
	7.2.18 DGAIN_SEQ01_CH1_1
	7.2.19 DGAIN_SEQ01_CH1_2
	7.2.20 DGAIN_SEQ01_CH1_3
	7.2.21 DGAIN_SEQ23_CH1_0
	7.2.22 DGAIN_SEQ23_CH1_1
	7.2.23 DGAIN_SEQ23_CH1_2
	7.2.24 DGAIN_SEQ23_CH1_3
	7.2.25 DGAIN_REF_CH1_0
	7.2.26 DGAIN_REF_CH1_1
	7.2.27 DGAIN_REF_CH1_2
	7.2.28 DGAIN_REF_CH1_3
	7.2.29 SAR1_CTRL_1
	7.2.30 SAR1_CTRL_3
	7.2.31 LED_CTRL_CONFIG_0
	7.2.32 LED_CTRL_CONFIG_1
	7.2.33 LED_CTRL_CONFIG_2
	7.2.34 LED_CTRL_CONFIG_3
	7.2.35 LEDX_FINE_0
	7.2.36 LEDX_FINE_1
	7.2.37 LEDX_FINE_2
	7.2.38 TG_FILT_CONFIG_0
	7.2.39 TG_FILT_CONFIG_1
	7.2.40 PWM_CONFIG_0
	7.2.41 PWM_CONFIG_1
	7.2.42 PWM_CONFIG_2
	7.2.43 PWM_CONFIG_3
	7.2.44 PWM_S0_CFG_0
	7.2.45 PWM_S0_CFG_1
	7.2.46 PWM_S0_CFG_2
	7.2.47 PWM_S0_CFG_3
	7.2.48 PWM_S1_CFG_0
	7.2.49 PWM_S1_CFG_1
	7.2.50 PWM_S1_CFG_2
	7.2.51 PWM_S1_CFG_3
	7.2.52 PWM_S2_CFG_0
	7.2.53 PWM_S2_CFG_1
	7.2.54 PWM_S2_CFG_2
	7.2.55 PWM_S2_CFG_3
	7.2.56 PWM_S3_CFG_0
	7.2.57 PWM_S3_CFG_1
	7.2.58 PWM_S3_CFG_2
	7.2.59 PWM_S3_CFG_3
	7.2.60 LED_START_STOP1_0
	7.2.61 LED_START_STOP1_1
	7.2.62 LED_START_STOP1_2
	7.2.63 LED_START_STOP1_3
	7.2.64 LED_START_STOP2_0
	7.2.65 LED_START_STOP2_1
	7.2.66 LED_START_STOP2_2
	7.2.67 LED_START_STOP2_3
	7.2.68 LED_CTRL_STATUS

	7.3 BANK2
	7.3.1 BANK
	7.3.2 ASYNC0_0
	7.3.3 ASYNC0_1
	7.3.4 SFT_RESET
	7.3.5 DEVICE_STATUS_0
	7.3.6 DEVICE_STATUS_2

	7.4 BANK3
	7.4.1 BANK
	7.4.2 ASYNC0_0
	7.4.3 ASYNC0_1
	7.4.4 SFT_RESET
	7.4.5 BANK
	7.4.6 ASYNC0_0
	7.4.7 ASYNC0_1
	7.4.8 SFT_RESET
	7.4.9 BANK
	7.4.10 ASYNC0_0
	7.4.11 ASYNC0_1
	7.4.12 SFT_RESET


	8 Thermal Characteristics
	9 Package Dimensions
	10 Package Marking
	11 Ordering Information
	12 Revision History

