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Features

The SDR Block HF is LF to HF band Transceiver based on the Key Features
SDR technology. SDR is consisted of 20 or more items of signal
processing blocks on the FPGA. Connections of these SDR RX/TX Frequency Range: 10kHz~ 32MHz
blocks are recombined by software control without FPGA RX/TX Bandwidth : 32MHz(64Msps)/ch
compile and configuration. ADC: 10bit 64Msps x2ch for RX input

ADC: 12bit 1Msps for Audio input
To recombine SDR blocks and capture wave data to PC, The DAC: 10bit 64Msps for TX output
SDR Block HF are providing easy access to user USB PWM: 11bit 64ksps for Audio output
connection. Sensitivity: =110dBm/10kHz typ. S/N=10dB

TX output: 1Vp—p diff (No Load)

NCO: 64Msps S5Hz resolution x2ch

Digital filter: CIC x2ch Variable Decimation

AGC: Variable 17 speed response

AWG: 12bit x 4096 x 2ch

Wave Capture: 12bit x 1024 x 2ch via USB

Other blocks: Adder, Mixer, Square, Square Root and
Constant level.

USB: FTDI FT232HL SPI in MPSSE mode

Power: DC 5V 500mA via USB available

By using SDR Block HF own EXCEL macro SDR_ASM, SDR
blocks are recombined and capture wave data easily via USB. A
documented USB bridge FT232HL SPI allows developers to
create new applications.

The SDR Block HF provides SDR experiment features ideally
suited to industrial, scientific and educational applications.

Generate 5Hz to 32MHz 5Hz step Large 18 x 17 size matrix Size: 3.0 x 1.4 inch 2 x 28 pin DIP
Sin wave. Adjustable Amp, Phase connection of SDR blocks is build
and DC offset independently. from 17 rows and 18 columns of . .

Applications

12bit parallel BUS.

Amateur Radio Transceiver, Spectrum Analyzer, VNA,
4 steps CIC filter is adjustable Each SDR blocks are able to AWG, Signal Generator, Ultra Sonic Rader, Logger

decimation rate 1 to 32000. select 17 steps of Clock
frequency independently.

12bit x 4096 x 2ch AWG LNA is TI OP amp LMH6626.
Clock adjustable 128MHz to 2kHz. GBW 1.5GHz, 1nV/4 Hz.
Gain 40dB and 20dB buffer amp.

Rewriteable CONFIG data Up to 12Mbps available allows
accompanied with updating developer create real time signal
FPGA revision. processing applications on the PC.

Controller of the SDR Block HF

SDR ASM -rree

The SDR_ASM on the EXCEL controls recombination
of SDR blocks, change parameters and clocks, AWG

data transfer and capturing wave data.

Ll

Time domain I/Q FFT

18x17 Matrix BUS Switches




Quick Start

1. Install FTDI Driver (Windows10
https://www.ftdichip.com/Drivers/D2XX.ftml

Future Technology Devices International Ltd.
THE USB BRIDGING SOLUTIONS SPECIALISTS

Home » D2XX Direct Drivers
m This page contains the D2XX drivers curremly available for FTDI devices.
Drivers

VCP Drivers For Virtual COM Port (VCP) drivers, please click here.

D2XX Drivers
Installation guides are available from the Installation Guides page of the Documents section of this site for selected operating systems.

D2XX drivers allow direct access to the USB device through a DLL. Application software can access the USB device through a series of DL
function calls. The functions available are listed in the D2XX Programmer's Guide document which is available from the Documents section

Android
EVE

MCU
of this site.

Sales Network

Web Shop
Newsletter

Programming examples using the D2XX drivers and DLL can be found in the Projects section of this site.

Currently Supported D2XX Drivers:

Processor Architecture
Operating = Release | x86(32- = x64 (64-
System Date bit) bit) ARM MIPS SH4 Comments
WHQL Certified. Includes VCP and
D2XX.
Windows* | 2017-08-30 | 21228 [ 2.12.28 . - Available as a setup executable
C I | C k Please read the Release Notes
and Installation Guides.
A guide to support the driver
Windows RT | 2014-07-04 1.0.2 - 102 - - (AN_271) is available here
1.4.8 ARMVS5 soft-float
148
1.4.8 ARMVS soft-float | 1ogas If unsure which ARM version to
uClibc soft-float use, compare the output of
readelf and file commands on a
1.4.8 ARMV6 hard- 1438 system binary with the content of
Linux | 2018-0622 | 148 145 | floal(SulsRaspberry | - yips3y release/build/libftd2xx it in each
) hard-float package.
1.4.8 ARMVT harg- Readlte
float 1.4.8 MIPS
openwrt- Video Install Guide
i = EEINT- -1 ertified - o x
LS -2 =5 - @
B FFaxvh & b7 EXCEL
predsp_pp1 fft FPGA .
G2 DVD-ROM(ZE nios2e_blk = ||
2 ROM(E2 ios2e_t =es
EmE
FFIAVE 1360
¢ st IRTEM
tatic
. OneDrive [ frazoch ZOIANT-ROFATOREBE 8KE =
FFaxh 3 frdibus e 7K =
2 Ei 4] ftdibus wybPyTiES 6KB =
AT =/ ftdiport t¥aY74 H50y 7KB =
] fidiport TPy TIER 6KB =
= pC
3 3D ATYIIH
s Fovo-F
m TAIT
FFaxvh
= E9Fv
BUFA
da-vvy
£.0s(C)
- DATA (D)
() DVD RW F317 (E) D\
) i S
8EQREE

Unzip and locate download file to Desktop or any folder.
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2. Connect PC and SBH-1 board via USB

[

[ R

e

(I I N () T ) R W

T
I

Ive Ira

Launch an Excel sheet “SDR ASM” and open Worksheet “Blocks”.
Then click “Update” button to send any data to SBH-1 board.

After Success o "
Power ON Gonnect USB Check LED after click “Update” button.

D2 : Divided master clock 1sec interval
D3 : NCO Reset. 0:Reset 1:Run
D4 : SPI CE 0:Enable 1:Disable

D5 : SPI CLK 0:No Clock 1:Clocking

D6 : FTDI 12MHz CLK



3. Execute Diagnostic (DIAG

(ﬁ

.
1 A B | € | D | E | F [ G H o 1 ) C | IC k ™ N o Bl R [ s T
j DIAG  To check 64Msps decice. Do not connect any PIN
|3 | max [ w0zs [ 23 | we [ ws | 1 | e |
4 Mn [ 1024 | 1024 | 468 | 31 | 2 | 40 | DIAG
5
7
& NCOOuput |  MXOuwpwt | ADCOWot | 1500 1000 s
9 cHi | oWz | om | ow o [ owe | a00 -
10 [ 1023 %08 -4 40 4 ) 1000 00
11 1 198 -1005 18 17 0 4 250
2 2 430 -903 136 -85 -12 20 500 o
13 3 -952 -375 -19 56 -20 8 w0
14 4 -om 326 -8 -19 ) ) ° o 0 w
15 5 542 87 -124 67 32 2 0 200
1o ] 147 1013 19 -4 -8 18 400
17 7 766 678 -87 109 -56 16 ~1000 -600 0
[ 18] 8 1023 a1 4 140 12 20 -800
1 9 807 -630 65 75 44 20 -1500 1000 00
20 10 214 -1001 19 3 36 12 1500 500 500 1500 1000 500 500 500 -250 0 250 500
21 n -480 -905 102 -62 -32 2
2z 12 -951 -386 13 -38 -8 2
£3 13 -975 314 -31 -94 -12 12 PASS Sample PASS Sample PASS Sample
24 1 546 864 -105 -59 24 12
25 15 139 1014 -138 2 -32 2 500
£5 18 753 693 12 -16 -32 48
27 1" 1022 4 0 40 -8 2 250
Z 18 810 -627 -14 -16 -4 -4 -
29 19 226 1000 % 16 2 -8
30 20 469 -909 [ 0 -20 0
EXE 2 -948 401 59 -170 24 [ .
32 2 -979 03 43 -113 64 2
33 2 555 863 -87 -50 24 2 20
139 | 2 127 1015 -7 22 -16 20
35 2% 750 696 51 -62 ) 2
36 2 1022 53 0 ) 2 4“4 250
37 2 817 617 12 15 -20 B -
|38 ] 2 28 -997 256 45 2 4
39 2 462 -915 -10 “ -28 -20 Testing NCO Phase . Amp, DC offset and Testing Mixer Gain, Amp and Clock timing Testing LNA Gain. Noise, DC offset and Clock
:(l) 0 340 404 6 -19 -28 20 Clock timing error. emror. timing error.

Disconnect all of the SBH-1 pins except USB. Launch an Excel sheet “SDR ASM” and open
Worksheet “DIAG”. Then click “DIAG” button to diagnose the SBH-1 board itself automatically.

4. Build AM RADIO

AM Radio

Loop Antenna

P2-3 ANT
P2-4 GND

P2-17 PWM
P2-21 GND

Headphone or
Speaker

usB

14 1Gosdfor
15 1ok~ 16MHz

Prac

18
19
20 S
21

X1 Tt 1

MOX1 Tt 2

X1 Gain

MOX2 It 1

MOX2 it 2

X2 Gain

GIo1 It

Gio2 put

SR

saRz

40D nput 1

40D g 2

SRt

B

user

usez

ace

oAc

‘“""'““"‘“"’“““’"

Windows 10

Free

T2z

Er

oz

e

Audio out

2w

o

e

00
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a1z

Tes

e

e L e

EXCEL “SDR ASM”
Worksheet “EX-AM”

Connect Loop antenna and headphone to SBH-1. Launch an Excel sheet “SDR ASM” and open
Worksheet “EX_AM”. Click “Update” button to build AM RADIO circuit on the FPGA.




1. Define Block Diagram

Define Blocks

] [z ] [s] [ s | [ ] [a] [s5]
Update X X
[oor ] [loe |
’ int in2 in3 J ind inS in6 in7 in8
 —
aoc [ 0 |y pp [t ° o o ) o o o o —
1Msps
MHz kHz Hz
fral 0 [ 810 | ooo i
Phase| 0 |deg _, out2 A I
s NCO.1 o ° o o o o o o
oc [ o |s
fral 0 [ 810 | ooo —
Phase| 90 |deg | ooy [—-2utd o o o o ° ol o o |—
Amp 10 (%
oot o Ix | | / '
inl N
in2 MIX1 outd .
. - o > o '—| ° o '—
i3 | j[ Click to connect > |
WV
ind | | | —
::: |22 o o o o o o o o —
T

A FPGA on the SBH-1 consists of 20 items of signal processing brocks and 18x16 matrix BUS
switch. BUS switch is software controlled via USB like above. Click to connect BUS on the cross
point on Worksheet “Blocks”.

The above example is shown as follows.

<AD

NCO
810kHz Odeg

810kHz 90deg

NCO

CIC

CIC




2. Define Clock Frequency

1 ] & Gd ] g G G Gd Gd G =]

Update
X oor | [oon] [Sam] [ ] [0 | [N (N
1 1 1 1 1 1 1 1
‘m ‘\n i Lo i Lo ‘m |in |in in ‘m ‘
oK1 |, out
128MHz

i
B64MHz.
CLK3 | _ out
32MHz
(=]

SDR signal processing blocks are able to select 17 frequency clocks. 2kHz to 128MHz. ADC and
NCO are fixed 64MHz. It becomes possible to change CIC filter cutoff, adjustable AGC response
and adjustable AWG speed.

Recommend Clock frequency is 64MHz or lower. Be careful, as the operation is not guaranteed
128MHz clocks.

3. Define Test points

[e] [=] ]
Updats
= o = L= C=] [ G G
1 1
in in’ in in i in’ in’

64Msps.

Test points (USB 1/2) can be placed in the circuit where you want to place. Results are displayed
time domain like a Oscilloscope or frequency domain like a Spectrum analyzer on the EXCEL sheet.

—CH1

Level (dB)

Amplitude

800 -20
0E+00 2E-02 4E-02 6E-02 8E-02 1E01 1E-01 1E01 -0.04 -0.03 -0.02 001 0 0.01 0.02 0.03

Sec Freq (MHz)

Time domain I/Q FFT



AWG

Arbitrary Waveform Generator

AWG1 and AWG2 blocks are the arbitrary waveform generator (AWG). Waveform editing and update wave data to RAM can
be done with Excel “”SDR ASM” worksheet “AWG”. AWG clock is selectable 2kHz to 64MHz.

[ tengtr [ 48 J--Maxa0ss

Update
Put data on cells B10/C10 or below

0 1000 0.000
1 1000 97.545 1500
2 1000 191.342
3 1000 277.785 1000
4 1000 353.553
5 1000 415.735 800
6 1000 461.940
7 1000 490.393 600
8 1000 500.000
9 1000 490.393 400
10 1000 461.940 . . “ ”
1 1000 415.735 200 This is worksheet "TAWG".
12 1000 353.553
13 1000 277.785 0
e | o Available data is signed 12bit —2047 to 2047.
16 1000 0.000
17 1000 -97.545 -400
B o0 -ferae Data length up to 4095 words each.
19 1000 -271.785 -600
20 1000 -353.553 ) 4 8 12 16 20 24 28 32 36 40 44 48
21 1000  -415.735 “ ’”
2 1000 -461.940 Push “Update” to update wave data to RAM.
23 1000 -490.393
24 0 -500.000
25 0 -490.393 . .
% T AWG continue generate wave repeat with the
27 0 -415.735 . g
P 0 o specified Data length.
29 0 -277.785
30 0 -191.342
31 0 -97.545
32 0 0.000
33 0 97.545
34 0 191.342
35 0 277.785
36 0 353.553
37 0 415.735
38 0 461.940
39 0 490.393
40 0 500.000
41 0 490.393
42 0 461.940
43 0 415.735
44 0 353.553
45 0 277.785
46 0 191.342
47 0 97.545
4R
L]
- [ ] ] [ o |
1 1 1
. . “ ”
This is worksheet "Blocks .
64Msps
Here is an example for using the AWG1 and
AWG2.
64Msps

Waveform data of the AWG is output to the
USB1, USB2 and DAC also.




SPI command

SBH-1 board

Windows PC + Excel

FT232HL MAX10 FPGA

1. SPI Timing Chart

Command Return Data |
[0s Tz Jw[o][s[7[e[s[a4]3[2]1Jof[s[1a][mn[iz2z][n]w]es[s]7z][e[s][4]s]z]1]o]

. [

s [va ] ]ufulw]s]a]s]e]s|a]a]z]1]0]
SRX

‘15|14‘13|12‘11|10|9|8|7|6|5|4|3|2|1|O|
STX

2. SPI Command List

Command Return Data
15[14[13]12[11]10[9[8[7[6[5[4]3]2]1]0]15[14[13[12[11]10]9]8]7]6[5]4[3]2]1]0

Func Parameter 16bit data
0 Capture Reset 0/0|0]|0 Mode | ADC 5bit | RAM CLK Not use Select ADC, Select Capture Clock, Reset RAM address
1 Read RAM 0|{0|O0|1|CH RAM Address 11bit Write ADRS Return RAM Data 12bit Select RAM CH, Read RAM data in FPGA to PC
2 NCO frequency 0| 0 1] o[cH|Range 3bit] Freq 8bit Not use Select NGO CH, Set Frequency
3 Constant value 0|0|1(1 Const value 12bit Not use Set Constant value signed 12bit ~2047~2047
4 Blocks define o[1]|0|0 X Sbit Y Shit Not use Define Blocks (X :Input BUS line. Y:Output Bus line)
S Clock define 0O|1|0(1 X Sbit Y Sbit Not use Define Clock (X :Input BUS line, Y: Output Bus line)
6 NCO Phase O|1|1|0]|CH Signed Phase 11bit Not use Set NCO Phase 0~804 (0~180deg)
7 NCO Amp/DC O[1|1]|1|CH|DC Signed Amp/DC 10bit Not use Set NCO Amplitude or DC offset  0~1023 (0~ 100%)
8 CIC Bit shift 1/0(0|0 CIC1 6bit CIC2 6bit Not use Specify the BIT position to extract the signal
9 AWG!1 data update 1/0(0]|1 AWG1 write data 12bit Read ADRS Not use Write AWG1 data to RAM in the FPGA with increment address.
10 AWG2 data update 11010 AWG2 write data 12bit Read ADRS Not use Write AWG2 data to RAM in the FPGA with increment address.
1 AWG Size 1101 ]1 AWG Data Size 12bit Not use Set AWG data length and Reset RAM address.
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3. Detail of the SPI Command

0. Capture Reset

Command Return Data
15[14[13]12][11]10[9[8] 7|6 |5|4]3]2]1]0]1514]13]12]11]10[ 9|8 [7]|6]5]4][3]2]1]0
Func Parameter 16bit data
|[o]o]o|o] Mode | ADCSbit | RAMCLK | Not use

Before capturing the waveform in FPGA to RAM, execute this command and Reset both address to CH1 and CH2.

At the same time, set the following parameters related to waveform capture.

Mode (Capture mode)
0 Single Stop capturing 2048 words in RAM

1 Stream Continually capture waveform repeatedly in RAM

0 PWM OFF PWM output serves as a noise source, the PWM signal is stopped.
1 PWM ON Release PWM stop.

ADC (1Msps ADC)
0 Analog IN Select the input pin of the MAX10 ADC to Analog IN(AIN).
1 ADC1 Select the input pin of the MAX10 ADC to Analog IN(AD1).
0 ADC2 Select the input pin of the MAX10 ADC to Analog IN(AD2).
1 ADC3 Select the input pin of the MAX10 ADC to Analog IN(AD3).

olo|o|o
olo|o|o
olo|o|o
—|=|o|o

RAM CLK Set the clock for loading the waveform into the RAM in FPGA.
Not Available
128MHz
64MHz
32MHz
16MHz
8MHz
4MHz
2MHz
1MHz
500kHz
250kHz
125kHz
62.5kHz
31.25kHz
15.63kHz
7.81kHz
3.9kHz
1.95kHz

Y N N [ N N (N i) puing e ol e B =1 K= K= K=l K= K=}
O|l=|=|=|[=|lO|CO|OC|O|O|=|=|=|=|O|OC|OC|O
—|Oo|=|O|=|O|=|O|=|O|=|O|=|O|—=|OC|—=|O
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1. Read RAM

Command Return Data
15/14]13[12|11]10] 9|8 |7 |6|5|4[3|2]1]0|1514]13]12]11]10] 98] 7[6]5][4]3]2]1]0
Func Parameter 16bit data
[o]o]o]1[cH] RAM Address 11bit | Write ADRS | Return RAM Data 12bit

Specify the CH and address of the RAM to be read and obtain its contents as Return.

CH Select CH of RAM to be read.
0 CH1
1 CH2
RAM Address 11bit Return the RAM contents of the address specified here as Return Data.

oO(0j0|0O|O|O|O|O|O|O]|O Address=0
0|0|O0O(O|O|OfO|O|O|O]1 Address=1

1111 (1|1 [1|1{1|1([1]0 Address=2046
T (1 (1|1 (1|1 (1]1][1 Address=2047

Write ADRS Return the upper 4 bits of the address currently written to the RAM. This is for Stream captureing mode.
0|0|0 (1 Writing RAM address 128 or upper.
0O|O0O|1]|0 Writing RAM address 256 or upper.
oO|1(0(|0 Writing RAM address 512 or upper.
1/0[0]|O0 Writing RAM address 1024 or upper.

Return RAM Data 12bit It returns the data of the specified RAM address in 2's complement.

O 1T |1 ( 1| 1|1 (1]|T[1|1]1(1 Data=2047
0O|0|O0O|O|O]O 0|0|0(1 Data=1
ojojojojo|ojOo|lO|O|O|O]|O Data0
1|11 (1 (1|1 |1|(1{1|1]|1]|1|0 Data=-1
1/0(0[{0|O|O|O|O|O|O|O|O Data=-2047
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2. NCO Frequency

Command Return Data
15|14]13]12|11]10[ 9] 8] 7]6]5]4]3]2]1]0[15]14[13[12]11]10] 9|8 |7 |6|5[4[3]2]1]0
Func Parameter 16bit data
| 0] o] 1] o0 |cH[Range 3bit] Freq 8bit Not use

Set the NCO frequency.

CH Set channel of the NCO .
0 CH1
1 CH2
Range (Freq range) Set the freq data of 24 bits by dividing it into 8 bit by 3 times.
0[0]|O0 LOW Lower 8 bit data F1= Round( Fo and OxFF) Fo = Round( F * 0.205887) F(Hz)
0|01 MID Middle 8 bit data F2= Round( Fo and 0xFF00 ) / 0x100
o(1]0 HI Upper 8 bit data F3= Round( Fo and 0xFF0000 ) / 0x10000
1(1]0 NCO Reset ON After set NCO, this reset is always executed to synchronize the phase CH1 and CH2.
1111 NCO Reset OFF Release of NCO reset.
Freq 8bit Frequncy data F1, F2 or F3
0O([0|O0O|O0O[O0|O0]|0O|1 1
O([0|O|O[O|O]|1]|O0 2
11|11 [1]|1]1]|0 254
T {111 [1]1]1]|1 255
Command Return Data
15[14[13]12][11]10]9[8]7]6]5[4]3]2]1]0]1514]13]12[11]10] 9[8[ 7[6]5]4[3]2]1]0
Func Parameter 16bit data
| 0 | 0 | 1 | 1 | Const value 12bit Not use

Set the constant value. Sometimes it is taken as DC offset.

Const value 12bit
O 1T |1 (1|1 |1 (1 |1T|1(1]1]1 Data=2047
0/0|O0O|O[O|0O]|O 00|01 Data=1
o|0|j0|lO|O|O|OfO|O|O|O|O Data0
T(1 |1 |11 (1|1 [1|1|1({1]0 Data=-1
110(0|0|O0O|O|O|O|O|O|O]|O Data=-2047
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4. Blocks Define, 5. Clock Define

Command Return Data
15|14]13[12]11]10] 987 |6 |5|4[3]2]1]0]|15[14[13[12[11]10]9]8]7|6]|5|4[3[2]1]0
Func Parameter 16bit data
0O(1(0]|0 X Sbit Y Sbit Not use
0|1]0(1 X 5bit Y 5bit Not use

Define Blocks or Define Clock.

X Sbit Y Sbit
o(ojfo|jo0|O0|0O[O|O|O]|O X=0 Y =0
0/0|0|Of1[0|0O|O|O|1 X=1 Y =1

6. NCO Phase, 7. NCO Amplitude or DC Offset

Command Return Data
15[14[13]12]11]10]9]8]7]6]5][4]3]2]1]0]15]14]13]12]11]10[9]8]7|6[5[4]|3]|2]1]0
Func Parameter 16bit data
O(1(1]|0]|CH Unsigned Phase 11bit Not use
O|1]|1|1|CH|DC Signed Amp/DC 10bit Not use

Set the NCO phase, amplitude and DC offset.

CH Set the NCO channel.
0 CH1
1 CH2
Ralation betoween freq and phase resolution.
Signed Phase 11bit Set the NCO phase MHz  Phase
oj0|j0|lO|O|O|O|OfO|O]|O 0 Phase = 0.0 deg 1 5.6
0|0|O0O(O0O|O0O|Of|O|O|O|O]1 1 Phase = 0.2 deg 5 28.1
10 56.3
O(1(1]0|0|1|0|O0|0O(1|1 803 Phase = 179.8 deg 16 90.0 «—Limit of I/Q
o|1|(1(0jO0|1|0|0Of1|O]|O0O 804 Phase = 180.0 deg 32 180.0 «—Limit of Generate
DC Select Amplitude or DC offset
0 Amplitude
DC offset
Signed Amp/DC 10bit Set the NCO Amplitude or DC offset.
O 1|1 {1 |1 |T[1|1T]1(1 1023
0|{0]|O0 0 0|01 1
0|0|O0O|O|O|O|O|O|O]|O 0
T(1 (1|11 [1]|1[1|1]0 -1
1/10({0|0|O|OfO|O|O]|O -1023
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8. CIC Bit Shift

Command Return Data
15|14[13|12]11]10] 9|8 |7 |6|5|4|3]2]1]0|15[14[13[12[11]10]9]8]|7|6|5|4[3[2]1]0
Func Parameter 16bit data
[1]o]ofo] cciepit | cic2ebit | Not use

Specify the position to extract 12 bits from the internal register of the CIC.

CIC1 6bit CIC2 6bit
0j0|0|O0O|O|O|O|O|OfO|O|O CIC1=0 CIC2=0
0|0|0|0O|O|1T|O0O|O|O[O|O|1 cici=1  cCIc2=1

1111|101 |[1T(1T|1]1[0]|1]1 CIC1=59 CIC2=59
111|111 ]0|0(1]|1[1[1]0]|0 CIC1 =60 CIC2 =60
T When CLK IN = 64MHz CLK IN = 2kHz, the gain is maximum 60dB

9-10. AWG1/2 Data Update, 11 AWG Size

Command Return Data
15[14[13]12]11]10] 9[8[ 7[6]5]4[3]2]|1]0]15[14[13[12]11]10] 9|8 7]6]5[4]3]2]1]0
Func Parameter 16bit data
1/0]0]|1 AWGT1 write data 12bit Read ADRS Not use
1/0|1]0 AWG2 write data 12bit Read ADRS Not use
11011 AWG Data Size 12bit Not use

Transfer AWG data to RAM in the FPGA.

AWG1/2 write data 12bit Data is written to RAM of AWG 1/2, and write address is counted up
O 1|1 (1T |(1 1|1 |1 [1T[1]1]1 Data=2047
0|0]|0 0 0(0|0O|O|1 Data=1
o|0o|jo0fOjO|O|O|OfO|O|O]|O Data0
111 (1 {1 1|1 |(1{1|1|1]|1|0 Data=-1
110/(0[{0|0|O|OfO|O|O|O|O Data=-2047

Read ADRS Returns the upper 4 bits of the address currently being read by the RAM. This is for Stream transmit mode.
00|01 Reading RAM address 128 or upper.
0|01 (0 Reading RAM address 256 or upper.
0(1]1]0]|0 Reading RAM address 512 or upper.
1/{0|0]|0 Reading RAM address 1024 or upper.
AWG Data Size 12bit Set the data length of AWG after writing data, write address is reset

0|0|O0O|O|O|O|O|OfO[O|O]1 Size = 1
o|0o|jO0O|lO|O|O|O|OfO|O|1]|O Size = 2
1)1 (1|1 |1 |1 |(1{1|1]|1]|1|0 Size = 4094
11 (1 (11|11 {1[1]|1]|1][1 Size = 4095
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Sample Program (VBA)

This sample program is to read the waveform from the RAM in the FPGA and list the numerical value on the EXCEL sheet
when Button is pushed.

Sub Oscillo_Click()
Dim clk As Long

' Read Setting CLK and PWM ON/OFF
clk = Cells(3, 5)
pwmsw = Cells(12, 10)

' Open SPI BUS
cmd = OpenSPI(0)

' RAM addres reset
'ret = rxSPI(512 + clk + 1024 * pwmsw, 0) ' Continue mode
ret = rxSPI(clk + 1024 * pwmsw, @) ' Single mdoe

' Start Capture
ret = rxSPI(4096, @)

' Read RAM CH1
ch =0
For n = @ To 1023

ret = rxSPI(ch * 2048 + 4096 + n, 0)
dat = (ret And 4095) ' ADC data
adrs = (ret And 61440) ' RAM current address

If dat > 2047 Then Cells(n + 10, 3) = dat - 4096
If dat < 2047 Then Cells(n + 10, 3) = dat
Next

' Read RAM CH2
ch=1
ret = rxSPI(ch * 2048 + 4096 + n, @)
For n = @ To 1023
ret = rxSPI(ch * 2048 + 4096 + n, 0)
dat = (ret And 4095) ' ADC data
adrs = (ret And 61440) ' RAM current address
If dat > 2047 Then Cells(n + 10, 4) = dat - 4096
If dat < 2047 Then Cells(n + 10, 4) = dat
Next

' PWM ON
ret = rxSPI(0Q, 0)

' Close SPI BUS
CloseSPI

End Sub
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P1-01
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P1-07
P1-08
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P1-14
P1-15
P1-16
P1-17
P1-18
P1-19
P1-20
P1-21
P1-22
P1-23
P1-24
P1-25
P1-26
P1-27
P1-28

GNDA
GNDA
RX2 IN
GNDA
CH2P NU
CH2N NU
GNDA
GND

3V OUT
oV IN
10110 NU
I0111 NU
10112 NU
I0113 NU
10114 NU
10124 NU
10127 NU
GNDA
ANAINT
VREF
ADCINT
ADCIN2
GNDA
3V OUT
GND

oV IN
uSB DM
uUSB DP

. ‘»n i~‘

s
~

SRCRETEE

) E-

= A
L
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PIN Layout

JTAG-1 TCK
JTAG-3 TDO
JTAG-3 TMS
JTAG-7 NC
JTAG-9 TDI

P2-01
P2-02
P2-03
P2-04
P2-05
P2-06
P2-07
P2-08
P2-09
P2-10
P2-11
P2-12
P2-13
P2-14
P2-15
P2-16
P2-17
P2-18
P2-19
P2-20
P2-21
P2-22
P2-23
P2-24
P2-25
P2-26
P2-27
P2-28

4
a0
»
Ll
”
T
EN

»
-~
v

€3 §3

JTAG-2 GND
JTAG-3 3V
JTAG-4 NC
JTAG-5 NC
JTAG-10 GND

GNDA
GNDA
RX1IN
GNDA
CH1P NU
CHIN NU
GNDA
GND

3V OUT
oV IN
1070 NU
1069 NU
1065 NU
1064 NU
1060 NU
1059 NU
1058 PWM
1057 NU
1056 NU
1055 NU
GND
GND
GNDA
3V OUT
GND
TXP OUT
TXN OUT
GNDA

NU means Not Use pin but wired on the board. When you want to use it, you can use it by definition or added parts.

CH1P/N and CH2P/N are differential 64Msps ADC input to pass the 40dB LNA.
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Specifications

Min Typ Max Remarks
Frequency Range 10kHz 32MHz Nyquist Limit = fsmp/2
10kHz 16MHz I/Q Limit = 90deg
Resolution 5Hz
RX ADC x2ch 10bit 64Msps AD9218-80Msps
AF ADC x1ch 12bit 1Msps MAX10 ADC
TX DAC x1ch 10bit 64Msps DAC900 165Msps
TX Output 1Vp—p Differential, No Load
RX Gain 60dB Total
40dB LNA LMH6626 x2ch
20dB Defferential OP amp ADA4940 x2ch
Noise Floor -160dBm/Hz RX input 1MHz
PWM Output 1Vp—p Differential, No Load
11bit
62.5ksps
Power Supply 500mA Vcc=5V, depend on FPGA circuit.
Board Size 75%x35mm
Block type 20 items
Clock type 1.953kHz 128MHz | 17 types, 128, 64, 32, 16---MHz
CIC gain 0dB 60dB Depend on Decimation rate.
Decimation rate 1 32000
AWG data size 4095 12bit x 4095 word x 2ch
Interface to PC USB 2.0 FT232HL 12Mbps
RXI1 - LPF ,> o LPF ,> . ADC N PWM Audio output
R 64Msps 10bit
T e ~> —| LPF >> ADC >

64Msps 10bit FPGA < »| UsB e » PC
MAX10 25000LE FT232HL

fc=30MHz LNA 40dB fc=30MHz AMP 20dB

10k~ 32MHz

T 10bit 1Vp-p differantial SN L

<

DC~1MHz AFIN 12bit 1Vp-p MAX10 ADC

ADC
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