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SAR_SPIM_USB Example Project

1.00

Features
e Dual SAR ADCs
e USBUART and SPI Master communication interfaces

e Exception Handling

General Description

This example project is also a PSoC Creator starter design. It uses two 12-bit differential SAR
ADCs in PSoC 5. Each ADC is configured with independent hardware multiplexers with 4
channels.

The USB host (PC) can select between the 4 channels on each of the 12-bit differential ADCs.
The data from the selected channel is then output over SPI and USB simultaneously to help you
validate the design.

To test this design, a test project (SAR_SPIM_USB_Test) is available as a separate example
project. It is already configured and ready to go. All of the tedious USB configuration has already
been done.

Development Kit Configuration

The following configuration instructions provide a guideline to test this Example Project. For
simplicity, the instructions describe the stepwise process to be followed when testing this design
with the PSoC Development Kit (CY8CKIT-001) and PSoC 5 processor module, but can be
generalized for the PSoC 5 Development Kit (CY8CKIT-050) as well.

1. Set LCD power jumper J12 to ON position and position jumpers for Vdd, Vdda and Vddd to
be at 5V for both the main and test board.

2. Attach a 24MHz crystal (Y2) to the PSoC 5 processor module on the main development kit,
along with appropriate capacitors C26 and C27 (~22pF).

3. In order to generate different voltages to test the Example Project, set up a resistor ladder
on the breadboard available on the PSoC DVK (See Figure 1 and Figure 3). Use 7
resistances of 10k ohm in series, followed by a 0 ohm resistor or jumper wire to ground.
Ensure that the LCD is connected to the LCD header P18 on both boards.

4. The SPI pin connections are as follows: P5[0] is SCLK, P5[1] — MOSI, P5[2] — SS, P5[3] —
MISO. Connect these pins to corresponding (same) pins on the Slave board.
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Alias MName Paort Fin Lock
WICD Char:-LODPort[6€:0]1% | P2[&€:0] Trace, Trace, Trace, Trace w55 .5%,1..2 b |7
WUSEULRT 1 :Dm\ D15[7] SWD:CE, USE:D- ¥ | zs |
\USEUART_1:Dp\ P15 [&] SWD:IO, USE:D+ w | 2z | v
Current Source PO[T7] IDAC:HI w173 | ¥
MISO pPs[2] |13 | v
MOST DE[1] w7 | v
Muxd_0 D1[7] w|zz | [
Muxd 1 P1[&] w|z7 | ¥
Mux0_2 P1[4] JTAG:TDI |z | W
Mux0_3 P1[2] XRES w |2z | v
Muxl 0 PO[&] IDAC:-HT w | 78 | ¥
Muxl 1 PO[5] OpRmp- | 77 | v
Muxl 2 P0[3] OpRmp-, DSM:-ExtVref w72 | v
Muxl 3 PO[1] OpRmp:out w7z | ¥
Pin Ground FO[D] OpRAmp:-out |71 | ¥
SCLE DE[0] | 1& | ¥
55 DE[2] w |z |

Figure 1. Pin connections for the SAR_SPIM_USB project
5. Ensure that the grounds of the two boards are tied together using a short wire.

6. Build the SAR_SPIM_USB project and then program the hex file onto the Master board,
and repeat this for the SAR_SPIM_USB_Test project with its corresponding board. After
programming is complete, disconnect the MiniProg3.

7. Connect a USB cable between the PC and USB port J9 on the main development board.

8. Reset both the master and the slave devices.

To access the PSoC via USB follow these steps:

1. Connect the PSoC DVK to the PC using a USB cable (if not already done so in step 7
above).

2. Select the SAR_SPIM_USB.inf file from the project directory, as the driver for this example
once Windows asks for it.

3. Go to Start > Devices and Printers and identify COM port number associated with the
project.

4. Open a terminal emulation software such as “PuTTY” or “HyperTerminal” and open the
COM (Serial) port number identified in previous step. Ensure that the speed is set to 9600
bps. See Figure 2.
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5. The input window will open with a blank screen. Type in a channel value.

ﬁ PuTTY Cenfiguration - - W = ﬁ
Category:
=8 Session | Basic aptions for your PuTTY session |
i ~ Logding Specify the destination you want to connect to
[=- Teminal —
.. Keyboard Serial line Speed
 Bell Com4 9600
N - Features Connection type:
= Window () Raw ) Telnet () Rlogin () SSH @) Serial
ﬂppea@nce Load, save or delete a stored session
- Behaviour
- Translation Saved Sessions
- Selection
- Colours :
Default Settings
= Connection Load

e
Teine

- Rlogin
- 55H
\ - Seral Close window on exit:
©) Aways () Never (@) Only on clean ext
i
r About [_Geon J[ Corce

=
|

Figure 2. Putty window
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Project Configuration

4ch dual SAR ADC with SPI Master and USBUART Example Project: Schematic (page 1/2)

USB UART SPI Master
The mux channel to be read is decided by This is the 16-bit SPI master which is used to
the USE host device, and then the transmit converted ADC data. Only MOS! and SCLK
converted ADC value is shown, are used in this design
SPIM
SPI Master
USBUART 1 SUN I
USBFS MISO [ miso mosi [=] MOSI

sclki-——+5 SCLK

» Q > 88~——o-[=] S5
Clock [} [ clock

1MHz

[0} {reset
r_interruptt=)
te_interruptts)

TE-oit

LCD display

The LCD display serves as a tool for
debugging the design

LCD Char
Character LCD/

4ch dual SAR ADC with SPI Master and USBUART Example Project: Schematic (page 2/2)
Setup to generate and convert analog voltages
IDACE
IDACE
ADC are configured to
be triggered, so that
@— Eﬁgﬂt——ge—umg ——————————— = each conversion is
E 1 started in software
S L AMux_0
IDAC output is T l__________M_uxOJ |
connecledtoc 0000000 F-o-------- 1 Muxd 2 — — SAR
dedicated pin PO[7] P [ERE D —— XD 2 -
- = MuxD_3

___________ e ettt L s | [ soc
22 eocHE]l
- [:4

12-bit

—————————— o
2>, ! AMux_1
Tg L,,,,,,,,,Ml"’d;om —1a ADC_SAR_1

————————— 1 Muxd 1 = ADC_SAR
£2w 0 Emmspms-----= =
e P P ) SAR
s LT —

f: __________ : / eocE]l
a2 - 12+bit
=

Pin_fGround -
Vss

Figure 3. Main project top design schematic
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SAR_SPIM_USB PSoC® Creator™ Example Project

Configure "SPI_Master' ilil

Name:  [SPIM

Configure ]/-.ﬁ.d'u'anced ]/Built—in ] q I

s ] B
MOSI  _jpis}pi4ip1afp1a}orjprofs os fo7 ) os ) os {0 jos fo2 o1 foo |
MISO | Jp15{o14fprafo1alor1jpiofos fos o7 o5 |ps {04 jos o2 ot foo )

Sample

Mode: [CPHA=0,CPOL=0 =
Data Lines:  |MOSI +MISO x|
Data Bis: |16 =] Shift Direction: | MSB First =l

Bit Rate: 1.2 Input Clock Freguency

Datashest | (0]:4 Spply | Cancel |

Configure "SPI_Master' 21|

MName:  [SPIM

s

Cunﬁgure)/ﬁ.dvanﬂed }/Euilt—in ] [+
— Clock Selection: =

™ Intemal Clock % BEdemal Clock

— High Speed Mode:
™ Enable High Speed Mode
— Buffer Sizes:
R Buffer Size (16bit words): |4 =
T Buffer Size (16-bit words): |4 ﬁ

— Intermupts:
[” Enable Tx Intemal Intemupt [” Enable Rx Intemal Intemupt

™ Intemupt On 5PI Done ™ Intemupt On Fx FIFO Full

Datashest QK Spply Cancel |
A

Figure 4. SPI Master configuration

The top design schematic is shown in Figure 3.
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SAR_SPIM_USB PSoC® Creator™ Example Project

The SPI Master Full Duplex Mode macro is used for the SPI Master; the default settings are
retained, except that the data bits parameter is set to 16, and an external 2 MHz clock is used.
See Figure 4.

The IDAC is set to source current in the 0-31.875 pA range and initial value of 10pA. This value
can be adjusted according to the input range of the ADC and the value of the resistors in the
resistor ladder.

Mame
Configure ]/-Built—in ] q bk

IDAC
— Polarity — Speed

¥ Positive (Source) {* Low Speed

i~ MNegative (Sink) " High Speed

" Hardware Controlled ~ Data Source
— Range " DAC Bus

' 0-31875uA (1/8uA/bit) & CPU or DMA (Data Bus)

 0-255ufA  (1ufvbit)

— Strobe Mode
r 0-204mA {B uﬂ.-'b[t} r" Extemal
¥ Register Write
— Value
U I'ID ™ Hardware Enable
8hbit Hex: |50

Mote: Changing any value
field recalculates the others

Datashest | QK Spply Cancel

4

Figure 5. IDAC configuration

The analog and digital pins are retained with their default settings. The analog hardware mux is
chosen to multiplex the 8 differential inputs to the SAR ADC. This facilitates arbitrary input
channel selection via firmware. Note that the sampling mode for the SAR is set to ‘triggered’, and
hence each ADC conversion needs to be started either in software using the StartConvert() API,
or via a rising edge on the ‘soc’ input of the SAR ADC component.
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Name:  [ADC_SAR_{|
Configure ]/-Euilt—in ] q
— Modes — Sample mode 1=
r\- .
Resolution (bits): |12 - SR
¥ Software trigger
Conversion rate (SPS): |‘|1]-|]-|]-|]-|} 3:
™ Hardware trigger
Actual rate (SPS): 101852
ual conv. rate (SPS) —Clock source
Clock frequency (kHz): |15:Du & Intemal
" BEdemal
— Input
Input range: (0.0 +/- Vdda (Diferential) -Input +/-Vdda ¥
Reference: IIntemaI Vref j
Valtage reference: IE_:::: 3: Valts (Vdda) e
Datashest | QK Apply | Cancel |
A

Figure 6. SAR ADC configuration

The USB component uses an external 24 MHz crystal oscillator (See configuration instruction
2), and requires some modifications to the ‘Clocks’ section in the design-wide resources file in

PSoC Creator. These include enabling the 100 kHz ILO, setting the USB clock to IMO*2, and
enabling the 24Mhz external crystal - Figure 7.
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Cc-nflgure System Clc-cl-:s ﬂll

i Configure |

3.000 MHz 1%

YYyY
_p.||_ Master Clock
IMO (24.000 MHz) =] [PLL_OUT (33.000 MHz) =l

 Freq & Divider

MHz | =
1
Bus Clock

© 1kHz I

" 33kHz IMOx2-48000 MHz =] © Feq  Divider

& 100kHz I | Divide by 2 f1
L J ; k J L J ¥
IMO ILO XTAL 3IkHz XTAL FLL_OUT MASTER. CLK BUS_CLK (CPLT)

0K | Cancel I

4

Figure 7. System clock configuration for the master project

Figure 8 and Figure 9 show the test project configuration. This project is basically a simple SPI
slave, and serves to test the SPI interface of the master device.
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4ch dual SAR ADC with SPI Master and USBUART Testbench: Schematic (page 1/1)

SPI Slave LCD display
This SPI slave serves to test the SPI master data
output
SPIS
LCD_Char

SRS Character LCD

MOSI_1 [} = —  —|mosi miso———=[x] MISO_1

SCLK_1 [mu+———sclk

SS 1 [m} +— —s8
[0} —|reset

rx_interrupt=
tx_interruptt=

16-bit

Figure 8. Top design schematic for test project

Mame: I
Configure ]/ndvanced I/Eluilt-in ] q bk

S [
sewe, [T HIUHUHUHIL
MOSI pis§p14jp13fp12)o11dpiafoe fos fo7 | Ds |os f o4 {3 fp2 o1 Joo |
MISO | Jp1sfo14jprafpralorijpiof s fos fo7 o6 fos foe fos [o2 f o foo

Sl N |

Mode: [CPHA =0,CPOL=0 =

Data Lines: IMOSI = MISO v|
Data Bits: |16 =] Shit Direction:  [MSE Firs =l

Bt Rate: {500 =

Datasheet | QK I Lpply | Cancel |

Figure 9. SPI Slave component configuration
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Project Description

The analog voltages generated by the IDAC and resistive ladder are input to the two 4ch analog
hardware muxes. The USB host device chooses which channel to read. This voltage is
converted by the ADC, and transmitted over SPI using the SPI master and also back to the USB
host device. This digital value is also displayed on the Character LCD.

The receiver board has a pre-configured SPI slave which waits for data from the SPI master.
When data arrives, this is displayed using the Character LCD. The functionality can be verified
by checking the data displayed on the computer screen, and the main and test board LCDs (at
the same time).

Expected Results

The user should be able to select the ADC channel to be read via the terminal emulation
software. The converted value should then be displayed on the terminal emulation window as
well as the Character LCD on the Master and Slave boards. This value is the hexadecimal
representation of the analog voltages from the resistor ladder.

& COMS - PuTTY EIEIT)

Figure 10. Expected output on terminal window
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Related Material

Example Projects
e ADC_16Channel

e DelSig_I2CS

e DelSig_SPIM

e SAR_SPIM_USB

e ADC_DMA_VDAC

Application Notes

e AN57294 - USB 101: An Introduction to Universal Serial Bus 2.0

e AN57473 - PSoC® 3/ PSoC 5 USB HID Fundamentals with Mouse and Joystick
¢ AN56377 - PSoC® 3 and PSoC 5 USB Transfer Types

Component Datasheets

¢ Full Speed USB (USBFS)

e ADC Successive Approximation Register (ADC_SAR)
e Serial Peripheral Interface (SPI) Master

¢ Serial Peripheral Interface (SPI) Slave
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This Source Code (software and/or firmware) is owned by Cypress Semiconductor Corporation (Cypress) and is protected by and subject to worldwide patent protection (United States and
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WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE. Cypress reserves the right to make changes without further notice to the materials described herein.
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support systems where a malfunction or failure may reasonably be expected to result in significant injury to the user. The inclusion of Cypress’ product in a life-support systems application
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