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The DSO 100M (EPT-4CE6-DO-U2) is a complete Digital Storage Oscilloscope development
system. It provides four channels of analog input and four 80OMSPS ADC chips. The board
connects to a USB Port on a Host PC. And, accepts commands and transfers data to the Host PC.

**NOTICE**

The DSO 100M is provided as a hardware development platform. The firmware and software are
provided as is and Earth People Technology makes no warranty concerning the operation. The
DSO 100M is not intended for use a calibrated test and measurement device. It is only intended
for use as an educational tool.

The DSO 100M board is equipped with an Altera FPGA EP4CE6E22 FPGA; which is
programmed using the Altera Quartus Prime Lite software. The FPGA has 6,272 Logic Elements
along with 276Kbits of RAM. The Board includes on board 66 MHz and 100 MHz oscillators.
The board also includes the following components.

Four Separate 80MHz 8 bit ADCs with dedicated bus into FPGA

Altera FPGA EP4CE6E22 FPGA in the TQFP 144 pin package

66 MHz oscillator for driving USB data transfers and users code

100 MHz oscillator for user clocking

FTDI FT2232H High Speed USB to Serial Chip

Four Impedance Matched BNC connectors for Common Oscilloscope Probes

Each channel analog front end uses OPA1602 35MHz Ultra Low Distortion Op-Amps
Each Channel includes a bias amp and gain amp with digital selectable gain

On Board FPGA Configuration using the using Altera FPGA Quartus.

Bi-Directional High Speed Data Transfer over USB.
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1 Block Diagram
EPT-4CE6-DO-U2 Block Diagram
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The DSO 100M communication path provides a method for the host PC to send commands to the
FPGA and receive digital samples from each channel. This path consists of an Altera FPGA and
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USB to Serial chip. This communication path reaches the host PC by the USB Micro-B
connector. The USB path is compatible with the USB 2.0 Spec.

2 Hardware Description

The DSO 100M hardware is designed to provide a simple, easy to use, accurate platform that
educates the user on the mechanics of the modern Digital Storage Oscilloscope. The main
aspects of a DSO are:

e Analog bias and signal conditioning
¢ Analog amplification

e Analog to Digital Conversion

¢ Digital sample storage

e Data Transmission

EPT-4CE6-DO-U2 Component Location
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DSO 100M COMPONENT LOCATIONS
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3 Mechanical Dimensions

Y o

104.14
53.34
27.94

,‘7;&" 63.5 55.88
119.38

ALL MECHANICAL DIMENSIONS IN MILLIMETERS
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4 Pin Mapping

The following section shows the connectors on the DSO 100M. It also provides a guide as to where the

pins of the connectors are connected on the board.

Analog Input
Net Name Signal Input Ref Des Pin Number
Connector Name
J11 DSO_AINO CHO_IN PW UI8A 3
J12 DSO_AINI CH1_IN PW U20A 3
J18 DSO_AIN2 CH2 IN PW US1A 3
J19 DSO_AIN3 CH3_IN PW US3A 3
ADC Signal Path
ADC Ref Des ADC Data Pin Net Name Cyclone 10 User Code Signal
Number FPGA Pin Name
Number
u36 20 ADAO 144 ADC _BUS_CHI1]0]
u36 19 ADAI 143 ADC BUS CHI[1]
u36 18 ADA2 142 ADC BUS CHI1[2]
U36 17 ADA3 141 ADC BUS CHI1J[3]
U36 141 ADA4 135 ADC BUS CHI1[4]
u36 13 ADAS 129 ADC BUS CHI1J5]
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uU36 12 ADAG6 128 ADC BUS CHI[6]
U3e6 11 ADA7 127 ADC BUS CHI[7]
uU36 7 ANALOG 0 IN P NC NC
u36 6 ANALOG 0 IN N NC NC
ADC Ref Des ADC Data Pin Net Name Cyclone 10 User Code Signal
Number FPGA Pin Name
Number
u37 20 ADBO 127 ADC BUS CH2[0]
u37 19 ADBI1 126 ADC BUS CH2[1]
u37 18 ADB2 125 ADC BUS CH2[2]
u37 17 ADB3 124 ADC BUS CH2[3]
u37 141 ADB4 121 ADC BUS CH2[4]
u37 13 ADBS 120 ADC BUS CH2[5]
u37 12 ADB6 111 ADC BUS CH2[6]
u37 11 ADB7 110 ADC BUS CH2[7]
u37 7 ANALOG 1 IN P NC NC
u37 6 ANALOG 1 IN N NC NC
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ADC Ref Des ADC Data Pin Net Name Cyclone 10 User Code Signal
Number FPGA Pin Name
Number
U38 20 ADCO 73 ADC_BUS_CH3[0]
U3s 19 ADCI1 74 ADC BUS CH3[1]
U38 18 ADC2 75 ADC BUS_CH3J[2]
U3s 17 ADC3 76 ADC BUS CH3[3]
U3s 141 ADC4 77 ADC BUS CH3[4]
U3s8 13 ADCS 83 ADC_BUS_CH3[5]
U3s 12 ADC6 84 ADC BUS CH3[6]
U3s8 11 ADC7 85 ADC_BUS_CH3[7]
U3s8 7 ANALOG 2 IN P NC NC
U38 6 ANALOG 2 IN N NC NC
ADC Ref Des ADC Data Pin Net Name Cyclone 10 User Code Signal
Number FPGA Pin Name
Number
U39 20 ADDO 59 ADC BUS CH4[0]
U39 19 ADDI1 60 ADC BUS CH4[1]
U39 18 ADD2 64 ADC BUS CH4[2]
U39 17 ADD3 68 ADC BUS CH4[3]
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U39 141 ADD4 69 ADC_BUS_CH4[4]
U39 13 ADD5 70 ADC_BUS_CH4[5]
U39 12 ADD6 71 ADC_BUS_CH4[6]
U39 11 ADD7 72 ADC_BUS_CH4[7]
U39 7 ANALOG 3 IN P NC NC
U39 6 ANALOG 3 IN N NC NC

Digi-Pot Amplifier Gain Chip

Digi-Pot Ref Des Digi-Pot Pin Net Name Connection Chip | Connection Chip
Number Ref Des Pin Number
u40 12 [2C_SCL_IN BIAS U3 104
u40 11 12C SDA IN BIAS u3 100
u40 2 CHO RG IN Ul18B 6
U40 3 CHO_RG OUT U18B 7
u40 23 CH1 RG IN U20B 6
u40 22 CH1 RG OUT U20B 7
U40 5 CH2 RG IN U51B 6
u40 6 CH2 RG OUT USIB 7
u40 20 CH3 RG IN U53B 6
u40 19 CH3 RG OUT U53B 7
Page

10




@ !EAR'I;HPEPPLE
B £ n o O g Y

Data Sheet DSO Development System

Digi-Pot Ref Des

Digi-Pot Pin

Net Name

Connection Chip

Connection Chip

Number Ref Des Pin Number
u32 12 12C_SCL_IN_BIAS U3 104
u32 11 12C_SDA IN BIAS u3 100
u32 2 CHO BS IN UI8A 5
u32 23 CH1 BS IN U20A 5
U32 5 CH2 BS IN US1A 5
u32 20 CH3 BS IN US3A 5

5 Pushbutton switches

There is one pushbutton switch on the DSO 100M. It is a momentary contact switch.
Includes a 0.1uF cap to ground to debounce the switch. The pushbutton switch is

configurable as inputs only to the Cyclone IV. The user code can read the state of the
switch or use it as an event to trigger some action in the code.

Component Net Name Signal in EPT Ref Des of Pin Number
Project Pinout Cylcone 10
SW1 DSO_RESET RESET u3 87

6 Input Power

The DSO 100M is designed to be operated from one power source:
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e Standard USB cable from Laptop/PC.

This provides +5VDC power for a high-efficiency switching regulator on-board to provide +3.3
VDC and the +1.2VDC. The power supply provides reliable power under dynamic loads and
high frequency switching internal to the FPGA.

7 JTAG Header

A 10 pin, 5x2 connector is included on the DPL to provide JTAG programming of the Cyclone
IV. The default programming method is via the Configuration Flash. JTAG programming the
FPGA directly is provided as a secondary option. An external programmer must be used access
this JTAG header. The header follows the standard Altera FPGA pinout. So, any USB Blaster
compatible programmer can be used to connect directly to this header and program the FPGA.
No other jumpers or configuration is needed, just connect the programmer and the Quartus
software will recognize the FPGA.

JTAG connector pinout:

TCK 4 4| 2 |- GND
™O - 3| 4 | vCC(TRGT)
T™S 5|6} NC
NC 27| 8= K
™ - 9|10} GNDp

8 Cyclone IV FPGA

The DSO _100M includes the Altera FPGA EP4ACE6E22C8N, operating internally with 1.2V and
2.5V, and externally at 3.3V being 3.3V tolerant. Operates corner to corner logic in 9ns. 392
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configurable logical/logic array blocks, 6272 logical elements/cells, 270Kbit internal RAM, 15
multipliers to support DSP processing-intensive applications, 2 PLLs.

9 Analog Input

It is highly critical that the analog input, bias, amplification and conversion are performed with
the lowest possible noise and distortion. The DSO 100M analog front end has been designed to
provide these functions with an accurate representation of the input signal.

The Analog Input uses the following chip to provide signal conditioning

Manufacturer Part Number Bandwidth Voltage Input Current
Offset Input Bias
Texas Instruments OPA1602AIDGKR 35MHz 100uV 20nA

The Analog Input is dependent on digital potentiometer to dynamically change the gain of the

bias and input amps

Manufacturer

Part Number

Resistance

Control

Channels

Analog Devices
Inc.

AD5263BRUZ50

50K

12C

4

The core of this accuracy is the OPA1602 Op-Amps used in the bias and amplification circuit.
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DSO_AINX
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You can see from this picture below that the input signal in blue is around 3V peak to peak
centered around zero reference point. The yellow signal is the signal after all gain and bias has
been applied from the analog signal conditioning circuit. It is around 320mV peak to peak
centered about the zero reference point.
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10 Analog to Digital Conversion

The DSO 100M includes four 80 MSamples per Second Analog to Digital Converters. One chip

per channel provides 8-Bit conversion.
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The DSO 100M Analog to Digital Conversion uses the following chip:

Manufacturer Part Number Number of Bits Max Conversion
Analog Devices AD9283BRSZ-RLS80 8 80 MSamples per
Second

11 Oscillators

There are two oscillators on the DSO_100M, 66MHz and 100MHz. These oscillators have the
following Vendor and P/N

1. 66MHz, Renesas Electronics America Inc; P/N: XLH536066.0000001
2. 100MHz, Renesas Electronics America Inc; P/N: XLH536100.0000001

These oscillators are connected to the Global Clock inputs on the FPGA. Both devices provide
stable clock for the FPGA’s internal DLL’s. The user can access these clock sources by calling
the net connected to the FPGA pin.

Component Net Name Pin on FPGA Signal in EPT
Project Pinout
66MHz Osc GCLK1 23 aa[l]
100MHz Osc GCLK7 88 CLK 100
XLHS536066.0000001
Page
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PARAMETERS MAX (unless otherwise noted)
Frequency 66MHz

Supply Voltage (VDD) 3.3V

Input Current (IDD)

>50.000 ~ 67.000MHz 25 mA

Standby Current 10 pA

Output Symmetry (50% VDD)

>50.000 ~ 170.000MHz

40% ~ 60%

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

18

1.000 ~ 80.000MHz 6 nS

Output Voltage (VOL) 10% VDD
(VOH) 90% VDD Min

Output Load (HCMOS) 15 pF

Start-up Time (TS) 10 mS

Frequency Stability +25ppm

Operating Temperature -40°C ~ 85°C
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XLH536100.0000001
PARAMETERS MAX (unless otherwise noted)
Frequency 100MHz
Supply Voltage (VDD) 3.3V
Input Current (IDD)
>50.000 ~ 67.000MHz 47 mA
Standby Current 10 pA

Output Symmetry (50% VDD)

>50.000 ~ 170.000MHz

40% ~ 60%

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

19

1.000 ~ 80.000MHz 6 nS

Output Voltage (VOL) 10% VDD
(VOH) 90% VDD Min

Output Load (HCMOS) 15 pF

Start-up Time (TS) 10 mS

Frequency Stability +25ppm

Operating Temperature -40°C ~ 85°C
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12 USB to Serial

The FT2232HQ is a USB 2.0 High Speed (480Mb/s) to UART/MPSSE IC. The device features
two interfaces that can be configured for asynchronous or synchronous serial or parallel FIFO
interfaces. The two channels can also be independently configured to use an MPSSE engine.

This allows the two ports of the FT2232HQ to operate independently as UART/Bit-Bang ports or
MPSSE engines used to emulate JTAG, SPI, 12C, Bit-bang or other synchronous serial modes.

The chip is powered by +3.3V and includes an internal +1.8V regulator to power the chip core. It
uses +3.3V /O interfacing and is+5V Tolerant. Operational configuration mode and USB
Description strings configurable in external EEPROM over the USB interface. USB to parallel
FIFO transfer data rate up to 8 Mbyte/Sec. FT245B-style FIFO interface option with bi-
directional data bus and simple 4 wire handshake interface. Asynchronous serial UART interface
option with full hardware handshaking and modem interface signals. Fully assisted hardware or
X-On / X-Off software handshaking. UART Interface supports 7/8 bit data, 1/2 stop bits, and
Odd/Even/Mark/Space/No Parity.

SERIAL COMMUNICATIONS PATH

UART BUS
p
USBDP o8 Fr2232H
UsB USB INTERFACE CYCLONE IV EPGA
1 3

CONN < USB DM
JTAG SIGNALS
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13 DSO 100M Power

The DSO 100M can be powered from the USB bus of a Host/PC or the optional barrel connector. The
USB supplies a maximum of +5V @ 500mA’s. The components of the DSO 100M must share this power
with the user code that will run inside the FPGA along with any external power use.

USB DP
o FT2232H
USB INTERFACE
CONN USBDM
VBUS
————p  TOUSER
POWER
—
- 3.3V >
TO FPGA
1.2V o POWER
2.5V I
3.3v 1.2V l_’
S5V TO 3.3V SVTO 1.2V SVTO 2.5V
POWER POWER POWER
SUPPLY SUPPLY SUPPLY
13.1 Core Board Power Budget
Device Part +1.2V Power +2.5V Power +3.3V Power
Number

FPGA EPACE6GE22 50mA 10mA 50mA

Flash M25P40 15mA (During the
Write Status, Sector
Erase, and Bulk Erase
cycles)
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USB Chip FT2232H 60 mA (no sink
current supplied to
1/Q’s)

USB EEPROM 93LC56 2 mA (write current)

1 mA (read current)

66MHz Oscillator FXO-HC536R-66 47 mA
100MHz Oscillator FXO-HC536R-100 47 mA

Bus Transceivers 74LVC8T245PW,118 36mA
Digital Pots AD5263BRUZ50 58mA
OPAMP AUDIO OPA1602AIDGKR 6mA
35MHZ

ADC 8BIT 80MSPS AD9283BRSZ-RL80 120mA
Total S0mA 10mA 442mA

*Theoritical Values only. This data needs to be validated

13.2 Core Board VUSB Power Budget

Device Part VUSB
Number

+1.2V Power ISL9205IRZ | 70mA

Supply

+2.5V Power NCP360MU | 12mA

Supply
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+3.3V Power LTC2952 442mA
Supply

Total 524mA

* Theoritical Values only. This data needs to be validated
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