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BEEPROLOGIC
CPLD DEVELOPMENT SYSTEM
Data Sheet
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TheBeeProLogids asimplified CPLD development systerti allows the user to explore

progranmable logt with built in LEDs Pushbuttons, Digital to Analog Converter and Flash on a
single stand alone bahr

TheBeeProLogidoard is equipped with dntel 5M240 PLD; which is programmed using the
Intel QuartusPrimesoftware. TheCPLD has240 Logic Elements which is equivalent180
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Macrocells. An on board0 MHz oscillatorprovides all the timing for useode.The board also

includes the following parts.

1 Intel 5SM240 in the TQFP 100 pin package

1 10MHz oscillator

1 5user Input/Outputs

1 ElevenRGBLEDOGSs accessible by

1 SevenPushbuttorswitches accessible by the user

1 8 Bit DAC accessible using SPI Bus

1 4 Mbit Flashaccessible using SPI Bus

1 Block Diagim
> |
+3.3V ‘ ‘ : i ‘
i VVVVVVVYVYVYYVYY
5M240 CPLD SBIBUS
MCP1725 33V

SUPPLY
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+1.8V POWER
SUPPLY
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8 BIT DAC

USER LEDS

+3.3 POWER SUPPLY
8Mb FLASH

MAX V CPLD

USER INPUT/OUTPUT
CONNECTOR

USB FOR POWER

USER LEDS

USER PUSH BUTTON

+1.8V POWER SUPPLY
10MHZ OSCILLATOR

USER LEDS
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2 Mechanical Dimensions

BEEPROLOGIC PCB DIMENSIONS
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All dimensions in mm (0.0mm)
3 Pin Mapping
Pin Mapping letweenConnectorsMAXV CPLD andUser code
J7 Connector
BeePrologic BeedPrologic BedPrologic BeedPrologic
Connector-Pin # | Net Name CPLD Pin CPLD User Code
Number Signal Name
J7-1 DAC_VOUT NA NA
J7-2 FG_GPIO1 41 LB_COMM [1]
J7-3 FG_GPIO2 42 LB_COMM [2]
J7-4 FG_GPIO3 47 LB_COMM [3]
J7-5 FG_GPIO4 37 LB_COMM [4]
J7-6 FG_GPIOS5 38 LB_COMM [5]
J7-7 +3.3V NA NA
Page
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| I8 GND NA NA
J6 Connecto
BeePrologic BeePrologic BeePrologic BeeRologic
Connector-Pin # | Net Name CPLD Pin CPLD User Code
Number Signal Name
J6-1 +3.3V NC NC
J6-2 JTAG_TMS 22 TMS
J6-3 JTAG_TDI 23 TDI
J6-4 JTAG_TCK 24 TCK
J6-5 JTAG_TDO 25 TDO
J6-6 GND NC NC
Net Name Mappig between components
Component Pin Net Name Pin on CPLD Signal in EPT
Project Pinout
10MHz Osdllator 3 GCLK1 12 CLK _10MHZ
Reset NC NA 43 RST
Swi 2 SW_USER1 52 SW_USER1
SW2 2 SW_USER2 51 SW_USER2
SW3 2 SW_USER3 50 SW_USER3
Sw4 2 SW_USER4 49 SW_USER4
SW5 2 SW_USER5 34 SW_USER5
SW6 2 SW_USER6 33 SW_USER6
SW9 2 SW_USER7 99 SW_USER7
D8 1 LED GR 1 N 54 LED[0]
D5 1 LED_GR 2 N 48 LED[1]
D6 1 LED_GR 3 N 40 LED[2]
D7 1 LED GR 4 N 53 LED[3]
D12 1 LED_ GR 5 N 69 LED[4]
D9 1 LED_GR 6 N 39 LED[5]
D10 1 LED GR 7 N 36 LED[6]
D11 1 LED GR 8 N 35 LED[7]
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D13 LED_GR 9 N 95 LED[8]
D14 LED_GR 10 N 96 LED[9]
D15 LED_GR 11 N 97 LED[10]
u22 2 DAC_CS 61 DAC_CS
3 DAC_SCLK 58 DAC_SCLK
4 DAC_SDI 57 DAC_SDI
5 DAC_LDAC 56 DAC_LDAC
u27 1 FLASH_CS 66 FLASH_CS
6 DAC_SCLK 58 DAC_SCLK
5 DAC_SDI 57 DAC_SDI
1 FLASH_SDO 55 FLASH_SDO

4 Pushbutton switches

There aresevernpushbuttorswitches on th&eeProLogicAll are momentargontact switchs.
They include a 1uF cap ground to deboundecth switches.

Component Net Name Pin on CPLD Signal in EPT Project Pinout
Swi SW_USER1 52 SW_USER_1
Sw2 SW_USER_2 51 SW_USER2
SW3 SW_USER 3 50 SW_USER3
SwW4 SW_USER 4 49 SW_USER 4
SW5 SW_USERS5 85 SW_USERS5
SW6 SW_USER 6 30 SW_USER_6
SW9 SW_USER7 27 SW_USER7
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4.1.1 User LEDs
The Wser LEDs areleven GreehEDs. These LEDsare for use ony with +3.3V.
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USER LEDS

USER LEDS

Eachseriesresistoruses a 220 Ohm in eesistorarray. In ordeto light up theeach LED, the user code

must assert a zero on the associatgdasfor the LED. To turn off theLED, assert High Z on the signal.
¢tKSe dzaS (GKS bodox LkhQa Ff2y13

gAUK | wHHAn hKY &SN
current through the LEDS
L. Vo~V
LED — R
_ 3.3V — 2.0V
LED T 220
ILE.D = 5.9?7114.

The LEDsignals are @janized on the flowing pins from the M\X V chip:
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LEDNumber Spnal Name MAX VPin Number
D8 LED _GR_1 N 54
D5 LED GR 2 N 48
D6 LED GR_3 N 40
D7 LED_GR_4 N 53
D12 LED GR 5 N 69
D9 LED _GR 6 N 39
D10 LED_GR_7 N 36
D11 LED_GR_8 N 35
D13 LED GR 9 N 95
D14 LED_GR_10 N 96
D15 LED GR 11 N 97

+3.3V

5 Inputs/Outpus

There @ae 5 General Purpodaputs/Outputsavailable to the usefhe user code can dectaa
pin to be inputputput or tristated. The Pin Planner Tool under Quartus can be used to connect
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the pin of the CPLDo the &lected signal on the board.

TN
‘ 122
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- a8 BT X
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Each 1/Opin of the J7 connectds connected to a pin on the CPLD

BeePrologic BeePrologic BeePrologic BeePrologic

Connector-Pin # | Net Name CPLD Pin CPLD User Code
Number Signal Name

J7-2 FG_GPIO1 41 LB_COMM [1]

J7-3 FG_GPIO2 42 LB_COMM [2]

J7-4 FG_GPIO3 47 LB_COMM [3]

J7-5 FG_GPIO4 37 LB_COMM [4]

J7-6 FG_GPIOS5 38 LB_COMM [5]

6 Osdilator

INPUT/OUTPUT
CONNECTOR

Thereis al0MHz oscillatoron theBeeProLogi¢ This oscillator has the fdlowing Vendor and

P/N
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1 10MHz, Renesis Electronics America In®/N: ASDMB-10.000MHZLC-T

The oscillatoris connected tothe Global Clock inputon the FPGAThedeviceprovide stable
clock for theCPLD&s user codeThe user can access ttleck sairceby callingthe net
connetedto theCPLD pin.

Component Net Name Pin on CPLD Signal in EPT
Project Pinout
10MHz Osc GCLK1 12 CLK_10MHZ

10MHZ OSCILLATOR

ASDMB-10.000MHZ-LC-T

PARAMETERS MAX (unless otherwise noted
Frequency 10MHz
Supply Voltage (VDD) 3.3V
Input Current (IDD)
>9.900 ~10.100MHz 25 mA
StandbyCurrent 10 pA
Page
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Output Symmey (50% VDD)

>9.000 ~12.00MHz 40% ~ 60%

Rise/Fall Time (10%/90% VDD Levels) (TR/TF)

1.000 ~15.000MHz 6 nS

Output VoltaggVOL) 10% VDD
(VOH) 90% VDD Min

Output Load (HCMOP 15pF

Startup Time (TS) 10mS

Frequency Stalbty +25ppm

Operating Temperate -40°C ~ 85°C

7 8 Bit Digital to Analog Converter

The BeeProLogiboard features the MCP4091ght bit Digital to Analogchip. It isasingle
channekight bitDAC. It includes a potentimeter which variethevoltage applied tthe VREF
pin of the DAC.This provides a amplitude control for theutputof the DAC.

+3.3V
DAC_CS DAC_VOUT
DAC_SCLK VREF >>
DAC_SDI | 433y
DAC_LDAC N )2

]

1l

The SPI interface allows easy contien with an Arduino using the SPI library.
1 8 Bit DAC from MicroChip:MCP4901E/MC

Thedevicebecan shut dowiy setting the Configuration Registat. In Shutdown mode, most
of theinternal crcuits are turned off for powerdags, andhe output amgfier is configured to
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present a knowhigh resistance output load (509 kypical).

The devicanclude doublebuffered registersallowing synchroous updates of the DAC output
usingthe LDAC pin These devices also incorporateoweron Reset (POR) ciuit to ensure
reliable powerup.

The devicautilizes a resistive string architecture, wits inherent advantages of low Differential
Non-Linearity (DNL) error and fast settling time. Tdeviceis specified over the extende
temperature rangg-125°C).

7.1.1 SPBus

The MCP490Xkhiputilizesa3wi r e synchronous serial protocol
output values from the digital source. Theaerotocol can be interfaced to SPI or Miciliosv

peripherals that are common on many microcontrollaraddition to the three serial

connections (CS, SCK and SDI), the LDAC pin synchronizes the analog G4@uf) with the

pin event. By bringingthe DAC pin down Al owo, tingsanti@M@t i nput
register are latched into the output régrisand the analog output is updated.

The MCP4901 chip is an SPI Slayeay SPI host can communicate with the chip at spapde
20 MHz. Tre chiphas no minimum SPI clock speékhe chip will espond to any SPI slave at
any clock rate alng as itdoesnot exceed 20 MHz. The table belowmlays the SPI
paraméersfor the chip.

Parameters Sym Min Typ Max Units
Clock Frequency FCLK 20 MHz
Clo&k High Time thi 15 ns
Clock Low Time tio 15 ns

CS Fall to First Rising Cl  tcssr 40 ns
Edge
Page
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Data Irput Setup Time tsu 15 ns
Data Input Hold Time tho 10 ns
SCK Rise to CS Rise HG  tchs 15 ns
Time
CS High Time tesh 15 ns
LDAC Pulse Widlt tio 100 ns
LDAC Setup Time tLs 40 ns
SCHdle Time before CS| tipie 40 ns
Fall

SCK Mode 0.0" _
| =y | %o [
=1 Fr
MSBin e W A LsBin )
T
£ —_—
2T b1
[DAC \
-l g |w-— Lo

7.1.2 LDAC Signal

The LDAC (latch DAC synchronization input) pinused to transfer the input latch register to
the DAC register (output latches, VOUT). When thisipifow, VOUT is updated with inpu
register corgnt. This pin can bed to low (VSS) if the VOUT update desired at theising
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edge of the CS pin. This pin can be driven byxternal control device such as an MCU I/O pin.

7.1.3 Analog Output (VOUT)

VOUT is the DAC analog output pin. TR®¥AC output hasn output amplifier. The fulscale
range of the DAC outpus from VSS to G*VREF, where G is the gain selection option (1x or
2X). The DAC analog output cannot go higher than the supply voltage (VDD).

7.1.4 Voltage Reference Input (VREF)

VREEF is the voltageeaference input for the device. The reference on this pitilized to set the
reference voltage on the string DAC. The input voltage can range from VSS to VDD. This pin
can be tied to VDD.

7.1.5 VREF &entiometer

TheEPT-4901-DA-S1 board includes a 20K fotiometer. This potorms a voltage dider
with a second rastor tovary the voltage applied to VREF. iShvaried voltage providesa
amplitude control fothe AnalogOut voltage.

———{  >DAC_REF

VCC

DAC_VOUT

VouT

VSS

DAC_REF

VREF

LS I s T e =)

LDAC
PAD

R1
=i 1 20KOhm Pot

PAD1
“N-8

By varyingthe VREF, the accuracy othe DAC canbe improved. This is lmause th@nalog
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outputstep size between each DA@idal word is reduced. For example, if the VREF is set to
5V, the analogutput sep size is 5V/25@Digital Steps) = 0.0195er step. Ithe VREF is s¢

to 2.5V, the analog output step size is 2.5V/@BRyital Steps) = 0.00976V per stéfhe smaller
the analogstep size (or quantahe more accurate the analog signal loe.

7.1.6 ANALOG OUTPUT VOLTAGE (VOUT)

The DAC input coding of these devices is stralghary. Equation 4. shows the DAC analog
outputvoltage calculation.

¥V w I
Vour = ‘—“””1” L
Where: )
Veer External voltage reference
D, DAC input code
G Gain Selection

2 for <GA> bit = 0
1 for <GA= bit= 1
DAC Resolution
8 for MCP4901
10 for MCP45911
12 for MCP4912

MCP4901 (n = 8)
(a) OV to 255/256*VREF when gain setting = 1x.

(b) OV to 255/256*2*VREF when gain setting = 2x.

7.1.7 INL ACCURACY

Integral NonLinearity (INL) error is the maximum deviah between an actual code transition
point and is corresponding ideal transition point, after offset and gairs have been removed.
The two endpoints (from 0x000 and OxFFF) metrsdsed for the calculation. Figureldshows
the details. A positivéNL error represents transition(s) later than idAanegative INL error
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represents transition(s) earlier thideal.

INL =0

11— .
Actual |
110— Transfer [r-- —~

Function :
101 — \ - _+_.

| -
Digital 100 — -
Input ! '
Code 011

|deal Transfer

Function
M= 1=

001

000 L]
—h-‘ |--— IML =0

~o— DAC Output — A

ar

7.1.8 OUTRIT AMPLIFIER

The DACG6s out put -power, pracfsiboneCMOSamplifier. ihisamplifierw

provides low offset voltagand low noise. The output stage enables the égwioperate with

output voltages close to the power suppalys. RefertoSet i on 1. 0 AEl ectri cal
for the analog output voltage range and load conditions. In addition to resistiveiload dr

capability, the amplifier will also drivegih capaci ti ve | oads without c
strong output allow®/OUT to be used as a programmable voltage reference in a system.

Selecting a gain of 2 reduces the bandwidth of the amplifigtultiplying mode. Refer to

Section 1. OChi&d ectternicati cso for thenlodul ti pl yir
conditiors. 4.2.1.1 Programmable Gain Block The-taitail output amplifier has two

configurable gain options: a gain of (x 1) or again of 2x( = 0). The default value is a gain of

2x (= 0).
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8 4Mbit Flash
The BeeProLogic includes a 4 Flash chip.

1T M25PX80VMNG6TP

9 BeeProLogiPower

TheBeeProLogiaan be powered from the USB bus of a tHe& or the optional barrel
connector. The USB suppliesrea x i mum o f  + 5 The c@m@nénts ofahé s .
BeeProLogianug share this power with the useode that will run insile theCPLD along with
any external power use.

5V_USB

+3.3V
MCP1725

usB +3.3V POWER
SUPPLY

1 =L +1.8V
: MCP1725
+1.8V POWER J

SUPPLY
L
9.1 Core Board Power Budget
Device Part Number +1.8V Power +3.3V Power
CPLD 5M240 ???Defined by user | ??7? Defined ypuser code
code EPT-Transfer . EPT-TransferDemo
Demo code: 50mA code: 50mA
AMbit Flash M25PX8GVMNG6TP
8Bit DAC MCP4901E/MC 2 mA (write current)
1 mA (read current)
Page
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10MHz Oscillator | CB3LV-31-66M0 10mA
User LEDs 550 mA
Total 50mA 705.5mA

*Theoritical Values only. This data needs to bedeatied

9.2 Core Board VUSBwer Bdget

Device Part Number VUSB

+1.8V Power Supply | MCP17251802E | 70mA

+3.3V Power Supply | MCP17253302E | 815mA

Total 885mA

* Theoritical Values only. This data needs to be validated
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