RENESAS Application Note

Daisy-Chain SPI Using Quad SLG47011
SLG47011V

This application note describes the design for daisy-chaining SPI signals across four SLG47011 ICs.
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Terms and Definitions

ADC Analog to Digital Converter
AFE Analog Front-End

CMD Command

CNT/DLY Counter and Delay

LUT Look Up Table

PGA Programmable Gain Amplifier
SHR Shifter Register

SPI Serial Peripheral interface
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1. Introduction

This application note presents a daisy-chained SPI design for four SLG47011 chips. SPI is a high-speed protocol
(>1 MHz) that transfers data between an MCU and multiple peripherals using Chip-Select (CS), Serial Clock
(SCLK), Master-Out-Slave-In (MOSI), and optionally, Master-In-Slave-Out (MISO) signals.

There are two ways to connect multiple devices:

1. In Figure 1, an MCU provides multiple Chip-Select (CS) signals to corresponding peripheral ADC devices.
Each Chip-Select signal is independently connected to a peripheral device. This method of SPI connection
requires complicated PCB layout/subnodes and additional GPIO utilization. In addition, the MCU cannot
capture ADC data from the ADC devices synchronously.

2. Daisy-Chain SPI, as shown in Figure 2, is developed to simplify subnodes using only one Chip-Select (CS)
signal. The MCU provides a single Chip-Select (CS) signal that is sent to all peripheral ADC devices.
Meanwhile, MOSI and MISO signals are integrated using a daisy-chain configuration. While the CS signal
activates all peripheral ADC devices, each ADC device can transfer its own data in sequence to the MCU.
Therefore, the MCU can capture multiple instances of ADC data simultaneously.

ADC device_#1 ADC device_#2 ADC device_#3 ADC device_#4

cs

x 5 O
w

O o @

®» = =

|

— SCLK
MOS|
MISO
cs

o

MCU

SCLK |— - - -

MOSI

MISO —

cs_1
cs_2
c5.3
cs_4

Figure 1: General SPI Connection Diagram
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Figure 2: Daisy-Chain SPI Connection Diagram

The SLG47011 is comprised of a diverse collection of digital and analog marcocells for AFE applications. One
14-bit SAR ADC and one 4-channel PGA (shown in the Block Diagram of the SLG47011 in Figure 3 are used to
perform Analog Front-End signal capturing. The PGA is capable of operating in different configurations including
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Daisy-Chain SPI Using Quad SLG47011

single-ended mode and differential mode. Additionally, the reference voltages used by the PGA and ADC can be
configured independently as needed. The ADC supports resolutions ranging from 8 bits to 14 bits. Moreover, the
SLG47011 offers four Buffer blocks in which averaging and over-sampling functions are used to process ADC
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2. Design Principle

Figure 4 shows the system diagram of a Daisy chain SPI connection. Each SLG47011 provides 3 external AFE
inputs (Pin7, Pin8, and Pin9). The SPI interface I/O inherited from the SLG47011 provides the CS(PIN3), SCLK
(PIN5), MOSI (PIN4) and MISO (PING) connections. To create Daisy-chain SPI based on inherited SPI, we use
the internal digital blocks of the SLG47011 and utilize GPIO Pins to synthesize the required function. Pinl6,
Pin15, and Pin10 are assigned to connect the inherited SPI interface 1/O directly. Compared to an Inherited SPI
interface 1/0, the Daisy Chain SPI interface 1/O represented by CS (Pin13), SCLK (PIN5), MOSI (PIN12), and
MISO (PIN11). Therefore, MCU would read the data via Daisy Chain SPI interface 1/O. Figure 5 shows the Pin
connections of a single chip as a reference. Since the inherited SPI macrocell in the SLG47011V cannot support
an internal connection using Matirix 1/0, GPIO Pins are used to carry out the design. Since the propagation
delay of the GPIO Pins is greater than that of the Matrix /O, it is estimated that the SPI baud rate frequency
(SCLK) should be limited to be less than 3.4 MHz.

Figure 3: SLG47011 Block Diagram
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Figure 4: System Diagram of using Quad-Chips in a Daisy-Chain SPI Connection
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Figure 5: Pin Assignment for a Single-Chip Implemented in a Daisy-Chain SPI Design

A diagram of the SPI signal sequence of Daisy chain SPI is shown in Figure 6. The master MCU device sends
one SPI command to collect required data from all peripheral devices (chip_1~4). Once an individual peripheral
device receives a command, it will transfer internal data via the inherited SPI macrocell. To manipulate the
internal data in sequence, the digital synthesis subcircuit, in Figure 5, needs to initiate the serial-in/serial-out
process. Since the CMD signal or Data signals will be propagated through a string of peripheral devices, Pin 10
and Pin 15 are regarded as the main subnodes and must succeed to transfer data and receive the CMD signal,
separately. SCLK can be used to allocate the Data sequence transfer and interconnection period.
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Figure 6: SPI Signal Sequence Diagram of Daisy Chain SPI
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In Figure 7, the block diagram illustrates the basic digital synthesis design. SW_A and SW_B are the switches
used for sending CMD and Data. The CNT/DLYs + LUTs block provides the CS signal to the inherited SPI block.
The Inherited SPI block transfers the corresponding data associated with the unique CMD in all chips. The SHR
shifts the data from the inherited SPI block using its specific register lengths setting. Therefore, data from each

individual chip is arranged in order. We utilize the macrocells of the SLG47011V to fulfill this required

functionality.

Daisy_Chain SPI Digital Synthesis
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Figure 7: Block Diagram of the Daisy Chain SPI Digital Synthesis
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3. GreenPAK Design Internal Block Configuration

All GreenPAK Designs shown in the Go Configure Software are presented in Figure 8 - Figure 11. The
configuration descriptions follow.

Figure 8: GreenPAK Designer Schematic (Daisychain_SPI_CHIP_1.aap)

R19ANO405EE0100 Rev.1.00 RENESAS Page 7
Apr 30, 2025



Daisy-Chain SPI Using Quad SLG47011

sy Roseae

—_——
—
ey
—rr)
e
—_—
=ren
e

Figure 9: GreenPAK Designer Schematic (Daisychain_SPI_CHIP_2.aap)
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Figure 10: GreenPAK Designer Schematic (Daisychain_SPI_CHIP_3.aap)
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Figure 11: GreenPAK Designer Schematic (Daisychain_SPI_CHIP_4.aap)
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As shown in Figure 7, SW_A and SW_B functions are accomplished by using LUT macrocells. The logic
configuration of these macrocells is shown in Figure 12.

properties SW_A (5] Properties SW_B x)
4-bit LUTO/DFF/LATCH16 2-bit LUTO/DFF/LATCHO
Type: LT % Type: wr >,
IN3 IN2 IN1 INO ouT IN3 IN2 INT INO ouT
0 0 0 0 0 0 0 0
0 0 0 1 0 1 0
0 0 ) 0 0 1 0 0
0 0 1 1 1 1 1
0 1 0 0 0
0 1 0 1 0
0 1 1 0 .
0 1 1 1 717'\
1 0 0 o | o
1 0 0 1 0
1 0 1 0 0
1 0 1 1 0
1 1 0 0 0
1 1 0 1 0
1 1 1 0 0
1 1 1 1 0
Standard gates Allto 0 Standard gates Allto 0
Defined by user - Alito1
Regular shape Invert
- el

Figure 12: LUT Configuration for SW_A and SW_B

Also shown in Figure 7, the SHR (Shifter register) processes the data from the inherited SPI block. In order to
ensure the data sequence is integrated into the final MOSI bus of chip_4, we have to use three SHR macrocells
to output data in sequence. In our design, chip_1 is not equipped with a SHR block due to data first-in-first-out
principles, as shown in Figure 8. The total register length settings of the SHR blocks are set to 18. This
configuration is shown in Figure 13.

Properties % Properties X Properties X
3-bit LUT10/DFF/LATCH12/Shift Regi... 3-bit LUT9/DFF/LATCH11/Shift Regist... 3-bit LUT8/DFF/LATCH10/Shift Regist...

Type: Shift Register - Type: Shift Register - Type: Shift Register v
Register length: 2 — Register length: 8 = Register length: 8 =
:::: ok L s m 7ok 00000000 s ::‘,‘:' 7ok 00000000 -
s RESET o] - RESET |l e RESET .
Actvelevelfor [\ | | Activelevelfor [\ owievel v || | Acvelevelior [\owieve -
m Nonimverted (Q) m Norrinverted (Q)  ~ :oz""‘:;" Norvinverted (Q)  ~

Figure 13: Configuration for the SHR Block
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Referring back to Figure 7 and the schematics in the GP file, this design uses multiple combination blocks for
five control signals: SW_A_Ctrl, SW_B_Ctrl, J CS, SHR_ctl_A, and SHR _ctl B

1. The first combination block (SW_A_Ctrl) consists of CNT6 and LUT21. Output is assigned to control SW_A.

For Chip 1: CNT6 Counter data = 22. For Chip 2: CNT6 Counter data = 38.
For Chip 3: CNT6 Counter data = 54. For Chip 4: CNT6 Counter data = 70.
Properties %) Properties ®
12-bit CNT6/DLY6 (MF6) 3-bit LUT21 (MF7)
Mult-function [ oroLy v | | Mubifunction [y -
Mode: Delay = IN3 | IN2 | INl | INO  OuT
0 0 0 0 0
0 0 1 0
Counter data: 70 -
0 1 0 0
) i 0 1 1 0
?«;:;2;;“ N/D Eormula 1 0 0 0
Edgo modo Falling - ! 0 ! 0
1 1 o | 1 |
DLY IN init. value: = Bypass the initial ~ 1 1 1 0

Qutput polarity: Non-inverted (OUT ~

Up signal SYNC.

Keep signal
SYNC:
Mode signal
NG Bypass v
Connections
Standard gates Allt0 0

k e Ik. (Fi ~
Clock source: Ext. Clk. (From ma Defined by user  ~ Allto1
Clock divider: N/D Regular shape Invert

Clock frequency: N/D

Figure 14: Configuration for the first Combination Block

2. The second combination block (SW_B_Ctrl) consists of CNT4 and LUT4. Output is assigned to control
SW_B. All macrocells are given the same configuration. For chip_1~4: CNT4 Counter data = 22.

Properties 3 Properties ®
12-bit CNT4/DLY4 (MF4) 3-bit LUT4/DFF/LATCH6
Multi-function
ol CNT/DLY - Type: LT =
Mode: Delay - INS  IN2 INT INO OUT
0 0 0 0 0
e 0 0 1 0
Counter data: 22 -
0 1 0 0
ange: 1-
“ - 0 1 1 0
Delay time N/D o
(typical): - 1 0 o | 1 |
Edge mode 3 — 1 0 1 0
select: Falling
1 1 0 0
DLY IN init. value: | Bypass the initial ~ 1 1 1 0

Output polarity: Inverted (NOUT) ~

Up signal SYNC:

Keep signal
SYNC:
Mode signal
sYNG Bypass -
Connections
Standard gates Al 100

k source: Ext. Clk. (F -
cloe © (G2 Defined by user  ~ Allto 1
Clock divider:  N/D Regular shape Invert

Clock frequency: N/D

Figure 15: Configuration for second Combination Block
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3. The third combination block (J_CS) consists of CNT3, CNT4, LUT1, and LUT17. Output is assigned to
generate a variant CS signal forward to Pin10. All macrocells are given the same configuration. For chip_
1~4: CNT2 Counter data = 38.

Bropecties ® Properties ®
J2DItCHI2DIN2 (ME2) 3-bit LUT7/DEF/LATCHY
Multi-function
il CNT/DLY ~ | || Type: T =
Mode: Delay v IN3 IN2 IN1 INO ouT
0 0 0 0 0
Counter data: 38 A 0 0 1 0
0 1 0 0
tRemge— 46957
i 0 1 i | 0
Ma‘y “".‘e N/D Formula -
(typical): - 1 0 o [La |
Edge mode < = (=
S Falling 1 0 1 0
. 1 1 0 0
DLY IN init. value: | Bypass the initial ~ - -
1 1 1
Output polarity: Non-inverted (OUT ~
Up signal SYNC: None
Keep signal .
SYNC: =
Mode signal -
SYNC: Bypess
Connections
Standard gates Allt0 0
Clock source: Ext. Clk. (From ma' ~
Defined by user v Allto1
Clock divider: N/D Regular shape invert

Clock frequency: N/D

Figure 16: Configuration for the third Combination Block

4. The fourth and fifth combination blocks (SHR_ctl_A and SHR_ctl_B) are used to arrange the data transfer
sequences. For chip_1~4: CNT5 and CNT8 Counter data = 14.

SHR_ctl_A SHR_ctl_B =
Properties — — ® Properties — -_— ®
12-bit CNT8/DLY8 (MF8) 12-bit CNT5/DLYS (MF5)
Muhi-function Multi-function -

mode: CNT/DLY v mode: CNT/DLY

Mode: One shot - Mode: One shot v

Counter data: 14 = Counter data: 14 —

(Range: 1-4095) (Range: 1-4095)

Pulse width e Pulse width T

(sypical): o e (ypical): il :

Edge mode mode

select: Falling - m‘: Falling -

DLY IN init. value: | Bypass the initial ~ DLY IN init. value: Bypass the initial ~

Output polarity: Norrinverted (OUT ~ Output polarity: Norrinverted (OUT ~

Up signal SYNC: | None Up signal SYNC

Keep signal . Keep signal

SYNC: : SYNC.

Mode signal Mode signal .

sYNG Bypass - SYNC: Bypess
Connections Connections

Clock source: Ext. Clk. (From ma ~ Clock source: Ext. Clk. (From ma: =

Clock divider: N/D Clock divider: N/D

Clock frequency: N/D Clock frequency: N/D

Figure 17: Configuration for the fourth and fifth Combination Blocks
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As shown in Figure 6, the MISO bus of Chip 4 transmits data forward to the MCU. In Figure 18 it is shown that
SHR_reset is used to blank the CMD transfer in SW_A of Chip 4.

Fixed C.0.=14 (SHR_ CLK_ctr| 16bits) Fixed C.D.=14 (SHR_ CLK_ctr| 16bits)

JCLK b | — CLCD 4 R
- b« .

For Chip #4, C.D=70 (C: and+Dummy+Datal)—for 7: X 3

LW A Cin} o
&
3 §

W
for 72
) FOR1 | =
v’-v’.r-w’n 6/0LY6 g L 5 E BSW_ACri S
. - B OS o

P CS
Fixed C.0.=22 (Comma nd+*Dummy, command data flowto Host MOSI) —for 24

Fixed C.0.=38 (Command+Dummy+Data_16bits )} for 40

Figure 18: CMD Blank Block

For inspecting the sequence of data transfer in Daisy Chain SPI, we assign the FSM1 macrocell to store a
specific counter data. The design and configuration is shown in Figure 19.

For Chip 1: Counter data = 8,601 (h21, h99) For Chip 2: Counter data = 16,331 (h3F, hCB)
For Chip 3: Counter data = 9,173 (h23, hD5) For Chip 4: Counter data = 12,291 (h30, h03)

%:et:‘:leunmmurw1 (MF12) f

mhl\cim CNT/DLY v

Counter data: 973

(Range 1-65535)

Klekey thia 3.6696 ms

(typical): ==

Edge mode Rising v

select:

DLY IN init. value: | Initial 0

Output polarity:  Non-inverted (OUT ~

Up signal SYNC: | Bypass -
Keep signal

SYNC: Bypass

e After two OFF
FSM SET/RS’

Selection: Set to data

Figure 19: Configuration for Specific Data Inspection

The prototypical Daisy chain SPI is eventually completed. Next, we add the ADC block for multiple AFE
applications. As shown in Figure 20, we create four AFE channels associated with the ADC block. Three
external AFE channels are assigned to Pin 7, Pin 8, and Pin 9, respectively. The PGA macrocell is configured in
single-ended mode for the AFE channels. Additionally, the internal AFE channel is used to monitor the
temperature sensor.

Figure 20: Three External AFE Channels associated with ADC
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Figure 21 shows the configuration for the reference design. The ADC macrocell is configured with 14-bit
resolution and channel sampling period of 400 pys. ADC data is configured in Buffer Mode to transfer data to the
Buffer macrocells, and the Buffer data can be read via SPI protocol directly.

Properties % Properties & Properties ® Properties ®
PGA PGA PGA ADC 4
PIN1 Outs 10 PIN 13 Outs to PIN 13 =
?&’;‘»Tot:) 2 Disable i (GP:OQ;) Disable M (GPIO9) Disable Clock selection: | 0SC1 -
Out- 10 PIN 14 Out-to PIN 14 =T = Out- to PIN 14 Disable v )
(GPI010) Disable ~ | (cPi010) Disable (GPI010) Vref selection: | 1.62V internal Vref ~
anual PGA/ADC manual | _ PGA/ADC manual | -
mme: ' | isable v ,,S:, R Disable B mode enable: Disable AVDD divider: (1/8)AVDD
Manual channel ManualA channel 2
:Am‘; dnmel rmmps . b Channel 0 ~ selection: Channel 0 Resolution: 14bit B
Channels Channels | ~ Channeis Sample.pel 7 =
0 1 3 ekl
0ol1|2 |3 2N v B2 Channel 0 system |
calibration: isable >
S - mode: Single ended input ¥
Input mode: Single ended input ~ | | Input mode: Single ended et = = > Channel 2 oy$19. | Disabie -
. Mode: (6) Buffer - .
Mode: (6) Buffer v Mode: (6) Buffer Clock divider: /4 divider -
’ Gain: Gain: X
Gain: (s:m"“ i3 ):  125000ksps Eormul
IN+ source: PIN 8 (GPI04) = IN+ source: PIN 9 (GPIOS) v 3
IN+ source: PIN7(GPIO3)  ~ Delay between . .
IN- sowce: o IN- source: AGND channels: |
IN- source: NC Delay between
s 1 v
= 2-bit CNTO/DLYO (MFO = :
12-bi L)
e (M ) Delay: 100 us
Multi-function
made: CNT/DLY Data aligment: MSB >
Mode: Delay v N
Properties G  Properties X Properties ®
Counterdata: |3 : Data Bufferd RaaRufie Data Buffer2
. (Range: 1-4095) Mode: Storage = Mode: Storage - Mode: Storage -
(‘w‘a:;!'e 32ms Eormula
Ea0 2 Length: 1 word - Length: 1 word > Length: 1 word b
4 Rising v
select: Initial data: 0000h = Initial data: 0000h - Initial data: 0000h -
DLY IN init. value:  Bypass the initial ~
Input source: ADC = Input source: ADC v Input source: ADC v
Output polarity: Non-inverted (OUT ~ Load source: ADC ready 0 - Load source: ADC ready 1 v Load source: ADC ready 2 v
Load en sync: ADC clk = Load en sync: ADC clk - Load en sync: ADC clk v
Up signal SYNC: | Non
= OUT source: Data v OUT source: Dat v
Keep signal : OUT source: Data e ota
SYNC . Buff Buff
" = fer ready: 1 v fer ready: 1 v
Osdyo:(e:. signal Sret = Buffer ready: 1
Figure 21: Configuration of Multiple AFE Channel Block
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4. Simulation Results

The simulation of Chip 2 is shown in Figure 22.

The CS signal transmitted by the MCU can be reshaped to trigger the inherited SPI to prepare Chip 2 data.
CMD is received and forwarded to MISO.

The SHR block works to propagate the Chip data in turn.

The MISO signal from Chip 2 outputs CMD and the Data of Chip 1 and the Data of Chip 2.

This single chip simulation also applies to the behavior of the other Chips as well.

GreenPAK > 342 -» OUT

ariant CS to Pin3

GreenPAX - PIN § -» OUT [CLX]

SCLK (Pin 5)

R Command Dummy

GreenAK -» PN 10> OUT - Chip #2 outputs Data_#2
" Inherited SPI_MISO _
wnL(Pin 6 of Chip #2
e LLT0 Pin11

GreenPAX -» 3-bit LUTO -» OUT

MISO (Pin 11) w/ Data #1 Transfer to next chip MOSI

Figure 22: Simulation Results
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5. Design Verification Using Hardware Prototype

After programming the NVM on each chip, we can prepare four SLG47011V daughterboards and carry out the
wire connection, as shown in Figure 23. A Digilent ® ADP3450 Portable oscilloscope is set up to provide the
required SPI send/receive test-pattern and protocol analyzer.

Figure 23: Hardware Prototype and Bench

Basic Testing conditions: Vop = 3.3 V to the four chips; SPI SCLK frequency = 3.4 MHz (provided by the
ADP3450)

5.1 Inspection: Reading Data from DLY/CNT, [h0139, h013A]

To inspect the SPI communication and data sequence, the quad SLG47011V prototype is equipped with specific
data, independently. The specific data are regarded as check-code allocated to each individual chip’s FSM1
macrocell. From the validation results, the SPI MISO data sequence indicates the data permutations in
arrangement. The protocol analyzer collects all specific data by sending an SPI command [hA2, h26]. Every
chip reflects its individual data including [h01, h39] (FSM1_Data_MSB) and [h01, h3A] (FSM1_Data_LSB).

Chip 1: specific counter data in FSM1 macrocell is given h2199.
Chip 2: specific counter data in FSM1 macrocell is given h3FCB.
Chip 3: specific counter data in FSM1 macrocell is given h23D5.
Chip 4: specific counter data in FSM1 macrocell is given h3003.

.= _ 0T, <
Home Fn T Ready |57768sunghest 100 MHe 120050007 I54B02623365700 (161650 1¥10: 33 ¥
+ SH_MCU —_—Ti | |5 [ | |53 [he [heF |53 | |53 J— -+ MCUMOSI
+ SPL_P_MISO_#1 ———iél |3 [0 | Jres | [no0 [hon Jhoo Jnoo Jhon F— . chip.1MIsO
+ SHL_P_MIS0_#2 —_—l [n9 | Jnai Jiss [F [nce Jhon roo [ [ - . Chip_2 MISO
+ SP1P MISO_#3 N e —— ] [n9 [wo [t I3 [raF [ice [ [ros [her [ F— . chipsmiso
- SPL_P_MISO_H  — 111 oo [noo [rat ] [uF [ice [z [rs Trao Tno3 — . Chip_4 MISO
Selet ool | [~ . meucs
o N 1 T T o
R EXx Ny 7 N T S
Data #1 Data#2 Data#3 Data#4
I =h2199 =h3FCB =h23D5 =h3003
) 4 Sus Un‘ Sus 10w 15w Wus Bus N
Figure 24: Sequence Inspection for Daisy Chain SPI
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5.2 Capturing ADC Data: Reading Channel 0 from Buffer0, [h2202, h2203]

This validation shows that the protocol analyzer collects every chip’s channel_0 data by sending an SPI
command [h22, h02]. Every chip reflects its individual data including [h22, h02] (BUFFERQO_Data_MSB) and
[h22, h03] (BUFFERO_Data_LSB). BUFFERO Data collects the data from ADC channel_0.

Chip 1: Channel 0 is given 0.6 V, Buffer0 return ADC data= h17F1 for 0.6061 V
Chip 2: Channel 0 is given 0.2 V, Buffer0 return ADC data= h07C6 for 0.1968 V
Chip 3: Channel 0 is given 1.0 V, Buffer0 return ADC data= h27F8 for 1.0118 V
Chip 4: Channel 0 is given 0.0 V, Buffer0O return ADC data= h0002 for 0.0002 V

».=.8.1. 8

Home Fin T Ready 32760 smplest 100 MH: 120750307 155453645003 950 (16065 1¥10: 33 ¥
+ SH_MCU —_— |2 | [ | |5 | |5 |53 |5 | | }— + Mcumosi
+ SPL_P_MISO_#1 —i2 [ [0 [nr | [roo |10 [0 | [roo |10 F— - chip 1MIsO
+ SH_P_MIS0_#2 e V] [z | | [ret | =3 [ho [roo [roo [noo F— - chip2mMiso
+ SP1P MISO_#3 — I L [roo [ur ] [rn [ncs [ [i® [roo [no0 F— . chip.amMiso
- SP1_P_MISO_#4 —_—] [non [0 [z ] [ran [ncs iz [ Troo [noz F— - chipamiso
Selct w0l [~ . Meucs
Cink Ex_ [ A AL AL AL AR AL ARRATTL_ LA . MCUSsCLK
s X ¥ | S U S S | Chip_4 MISO
Data #1 Data#2 Data#3 Data#4
=h17F1 =h07C6 =h27F8 =h0002
X Su oug S 0w 15w D Bu D

Figure 25: Reading data from ADC channel O

6. Conclusion

Quad SLG47011V chips with Daisy chain SPI can be utilized to simplify the PCB layout and/or reduce the
number of required subnodes. A maximum baud rate frequency of 3.4 MHz for the SCLK is supported. Every
SPI command can force all SLG47011V chips to transfer individual ADC data synchronously. The validation
result shows the Daisy Chain SPI functionality collects the ADC data corresponding to each individual ADC
channel. To ensure ADC accuracy and reduce noise coupling, we recommended that fully PCB layout is
necessary.
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