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Part 1: 2-Channel High Speed AD Module AN9238

ALINX high-speed AD module AN9238 is a 2-channel 65MSPS, 12-bit
analog signal to digital signal module. The AD conversion of the module adopts
the AD9238 chip of ADI Company. The AD9238 chip supports 2-channel AD
input conversion, so one AD9238 chip supports 2-channel AD input conversion.
The analog signal input supports single-ended analog signal input, the input
voltage range is -5V~+5V, and the interface is an SMA socket.

The module has a standard 0.1 pitch 40-pin female header for connecting

to the FPGA development board
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Figure 1-1: AN9238 Module Product Image

Part 1.1: AN9238 Module Parameter Description

The following are the detailed parameters of the high-speed AD module
AN9238:
» AD conversion chip: 1 piece of AD9238
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AD conversion channel: 2 channels;

AD sampling rate: 65MSPS;

AD sampling data bits: 12 bits;

Digital interface level standard: +3.3V CMOS level
AD analog signal input range: -5V~+5V

Analog signal input interface: SMA interface

Measurement accuracy: about 10Mv

YV VYV VY VY V V V V

Working temperature: -40°~85°

Part 1.2: AN9238 Module Size Dimension
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Figure 1-2: AN9238 Module Size Dimension
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Part 2: AN9238 Module Function Description

Part 2.1: AN9238 Module Hardware Block Diagram
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Figure 2-1: AN9238 Module Hardware Block Diagram
For the specific reference design of the AD9238 circuit, please refer to the

AD9238 chip manual.

Part 2.1: Single-ended Input and Operational Amplifier

Circuit

The single-ended input AD1 and AD2 are input through two SMA headers,
J5 or J6, and the voltage of the single-ended input is -5V~+5V.

On the FPGA development board, the input voltage of -5V~+5V is reduced
to -1V~+1V through the AD8065 chip and voltage divider resistors. If the user
wants to input a wider range of voltage, just modify the resistance of the
front-end voltage divider resistor.

Conversion Formula: Vour = (1.0/5.02)*Vn
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The following table is the voltage comparison table after analog input signal

and AD8065 operational amplifier output:

AD Analog Input Value | AD8065 Operational Amplifier Output

-5V -1V
oV oV
+5V +1V

Part 2.2: Single-ended to Differential and AD
Conversion
The input voltage of -1V~+1V is converted into a differential signal (VIN+ -

VIN-) by the AD8138 chip, and the common mode level of the differential signal
is determined by the CML pin of AD.

6/17 _
www.alinx.com



ALINC

AD_IHA Rz0 . 490 1%

2-Channel High Speed AD Module AN9238 User Manual

R52 498 1%

_I_—\/\/\/

Ess I
E.1uF
400 1% RZE_. a0
=10 I
1 S
I b
2 7
voCMz |— YOCM M
g
HN 7 B apgias
s P
{n] o
R3f . 400 1% R an

AD_WIN A

Py AD_WIN_A-

F
‘ ot AD VIN A%y s VIN_ A+

S

SR

The following table is the voltage comparison table after analog input signal

to AD8138 differential output:

AD Analog AD8065 Operational AD8138 Differential Output
Input Value Amplifier Output (VIN+-VIN-)

-5V -1V -1V

oV oV oV

+5V +1V +1V

Part 2.4: AD9238 Conversion

The default AD is configured as offset binary, and the value of AD

conversion is shown in the figure below:

Table 16. Output Data Format

Input (V) Condition (V) Offset Binary Output Mode
VIN+ — VIN— < —VREF-0.5LSB 0000 0000 0000
VIN+ — VIN- =-VREF 0000 0000 0000
VIN+ — VIN- =0 1000 0000 0000
VIN+ — VIN— =+VREF - 1.0 LSB 11111111 1111
VIN+ — VIN— >+VREF — 0.5 LSB 1M111111 1111
717
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In the module circuit design, the VREF value of AD9238 is 1V, so the final

analog signal input and AD conversion data are as follows

AD Analog | AD8065 Operational | AD8138 Differential | AD9238 Digital

Input Value Ampilifier Output Output (VIN+-VIN-) Output
5V -1V -1V 000000000000
oV oV oV 100000000000
+5V +1V 1V 11111111111

From the table, we can see that the digital value converted by AD9238 is

the smallest when -5V is input, and the digital value converted by AD9238 is the

largest when it is +5V.

Part 2.6: AN9238 Digital Output Timing

The digital output of AD9238 dual-channel AD is +3.3VCMOS output mode,

2 channels (A and B) independent data and clock. AD data converts data on the

rising and falling edges of the clock, and the FPGA end can sample the AD data

with the AD clock.

IC\.UlllJllllg’ l.dl.)d\.llulb ULl OO 1L allud NCrD.

ANALOG INPUT
ADCA

ANALOG INPUT
ADCB

CLK A=CLK B=
MUX_SELECT
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Part 2.7: The Pin Assignment of AN9238 Module

Only the signals of the 40-pin extension interface are listed below. For

specific users, please refer to the schematic diagram

Pin Number | Signal Name Description
1 GND Ground
2 +5V 5V Power Input
3 CH2_CLK AD Channel B Clock.
4 CH2 DO AD Channel B Data DATAO
5 CH2 D1 AD Channel B Data DATA2
6 CH2_ D2 AD Channel B Data DATA2
7 CH2 D3 AD Channel B Data DATA3
8 CH2 D4 AD Channel B Data DATA4
9 CH2 D5 AD channel B data DATAS
10 CH2 D6 AD Channel B Data DATAG
11 CH2 D7 AD Channel B Data DATA7
12 CH2_ D8 AD Channel B Data DATAS8
13 CH2 D9 AD Channel B Data DATAS8
14 CH2 D10 AD Channel B Data DATA10
15 CH2 D11 AD Channel B Data DATA11
16 CH2 OTR The Voltage of AD Channel B is Out of Range
17 - NA
18 - NA
19 CH1_D1 AD Channel A Data DATA1
20 CH1_DO AD Channel A Data DATAQ
21 CH1_D3 AD Channel A Data DATA3
22 CH1 D2 AD Channel A Data DATA2
23 CH1_D5 AD Channel A Data DATA5
24 CH1_D4 AD Channel A Data DATA4
25 CH1 D7 AD Channel A Data DATA7
26 CH1_D6 AD Channel A Data DATAG
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27 CH1_D9 AD Channel A Data DATA9
28 CH1 D8 AD Channel A Data DATAS8
29 CH1_D11 AD Channel A Data DATA11
30 CH1_D10 AD Channel A Data DATA10
31 CH1_CLK AD Channel A Clock

32 CH1_OTR The Voltage of AD channel A is Out of Range
33 - NA

34 - NA

35 - NA

36 - NA

37 GND Ground

38 GND Ground

39 - NA

Part 3: AD Sampling DEMO Program Description

The program dynamically displays the waveform generated by the signal
generator to the software Signaltap (chipscope), and also sends the data
collected by AD to the serial port regularly, and the serial debugging tool on the
computer displays the actual collected AD data value.

The whole program contains a top-level module ad9238_test.v and three
sub-modules: AD conversion module (ad.v), data conversion module
(volt_cal.v), serial port sending program (uart.v).The AD conversion module
ad.v completes the collection of AD data; the data conversion module
volt_cal.v completes the voltage and hexadecimal to decimal format conversion;
the serial port sending program uart.v completes the serial data transmission of

the ASIC code of the collected data.
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FPGA

SigalTap/
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Here is a brief introduction to the functions of each module used in the
FPGA program:

1) volt_cal.v

The function of the data conversion module is to convert the 12-bit data
collected by the AD module into 20-bit decimal voltage data. The high bit of the
12-bit data collected by the AD module is the positive and negative sign bit.
When calculating the voltage, you need to remove the high sign bit first, and
then convert the remaining 11bit data into a voltage value. The bcd.v program
converts 16-digit hexadecimal data into 20-digit decimal data.

2) uart.v

The serial port transmitting program regularly transmits 26 characters to the
serial port to display the voltage value of channel 1 and channel 2. When the
serial port transmits the decimal voltage value, it needs to be converted into
ASIC code. In the program, the serial port transmitting program and the serial
port clock generation program are called, and the voltage value is transmit to the

PC upper computer according to the baud rate of 9600.
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Part 4: Hardware Connection and Testing

The hardware connection between AN9328 module and FPGA
development board is very simple, just plug the 40-pin interface with the
expansion port of the development board (AX301B/AX4010 connect to J1 port,
AX309 connect to J3). The following is the hardware connection diagram of

ALINX AX301B FPGA development board and AN9328:

The FPGA development board is powered on, and the signal generator

generates a positive wave of -5V~+5V with a frequency of 200Khz.
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Part 4.1: Take the AX301B Development Board as an

example

Open “signaltap” in the Quartus software and download the

“ad9238_test.sof” file.
ASignal Tap Logic Analyzer — E:fProjectftest/an9238/ad9238_test ~ [stpl I ] 3
ISearch altera.com e

Eile Edit Xiew Project Processing Tools Window Help

|B-EMDC |8 > e
Instance Manager: 1' Ql _4| QI I)acquire X | JTAG Chain Configuration: |JTAG ready

x
o |Stat |l |
natalce L Hardware: |USE!-E!I.aster [UsB-0] j SEtup...
[

: auto_signaltap © Mot running
Ll scan Chain

Device: |@1: TOCLODE(Y| Z) 10CLO10(Y| Z).. [Dx020F 1000}

E2S | S0F Manage él M }nject}t stfand238/output_files/ad9235_test sof J

e 3|

log: Trig (@ 201 8/08/02 12:4BEE [9001 elapsed} clickta insert time bar

Type | Alias Hame 9 255 512 iga 1924 1229 1538 17gz|
f S
i

=3 E-ad1_in[11..0] ; z

_4] 3

F Data I &, Setup I

Hierarchy Display: % | I” Dataleg L?!. =

-] ® adgz3s_test auto_signaltap ©

After downloading, run signaltap, the waveform interface will display a

positive wave signal
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zer ~ E:/Project, /test/an9238/ ad8238_test —

File Edit Yiew Project| Processing Tools Window Help

[BHD C*=e8(r |0

Instance Status Mediurn: 12430 | Large: ©/0
auto_signaltap o Offloading acq 793 cells 98304 bits Oklocks 12lacks ©Oblacks

Memory: 98304 | Small 0/0

|

Type| Alias Name [ 128 256 384 512 840 758 285 n024 1152
B 2d1_in[11.0] /\/\/\/\
& ad2_in[11.0]

Change the signal transmitter to generate a square wave of -5V~+5V, and

the ad channel will display a square wave.

ASignal Tap Logic Analyzer — E:/Praject/test/an9238/ad9238_test - ad9238_test - [stpl stplx

Eile Edit View Project Processing Tools Window Help

B [D =00

stanceanager [ [ ] | e mmasen
Instance |Sbatus Enabled LEs: 733 Memory: 35304 | Small: ¢f0 IMed\urﬁ: 12§30 ILarge: o0
----- auta_signaltap_ 0 Offloading acq 793 cells 98304 bits Oblocks 12 blocks Oblocks

log: Trig (@ 201 8/0B/02 12:51 20 [0:0:0.1 elapsed) #3 ‘

Type | Alias Hame ] 138 256 384 512 840 758

S B ad1_in[11.0]

= - adz_in[11.0]

Here we can observe the signal in hexadecimal, set it to hexadecimal and

display as follows.

Part 4.2: Take the AX309 Development Board as an

example

The following is the hardware connection diagram of ALINX AX309 FPGA
development board and AN9328:
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Download the "ad9238_test.bit" file in the Impact software, then open the
"chipscope" software, and open the "ad9238 test.cpj" project in the

chipscope.

ElChipScope Pro Analyrer [449238 test]
Eile View JTAG Chain Device TrgogerSetup vaveron BusBlot Window  Help

52 @ | TiogerRunMode: Repetitve <[ b om TI B | G @ 9 | &2 2 5

@Tﬂfeﬂﬁﬁjem {EiChipScope Pro Analyzer — Open Project B x|
JTAG Ghain = :
£ DEV-D MyDeviceD (XCHSLIG) 4 I adaz3e_test [ SHER
£ UNIT:0 MyILAQ (IL#)
Trigger Selup g, =g
Waveform S _Xmsgs
Listing ORI incore_dir
Bus Plot iseconfig
sres
¥nx_auto_0_xdb
x4 xst
Signals: DEV: 0 UNIT: 0 [ 209238 _testep)
- Data Port -
ad_ch1
ad_ch2
omLow
- EHIGH
~-CH: 42 DataPort[48]
L CH: 49 DataPort[49]

with: | )
SiHEE: [chipscope project fles ¢ p) ]| B

© -CH: 51 DataPort§1]
| CH: 52 DataPort[2]
| CH: 53 DataPort53]
! . CH: 54 DataParti&4l

[
: [
- -CH: a0 DataPort[s0]
!
!

Click the "Open Cable/Search JTAG Chain" button to connect to the FPGA

development board

& ipScope Pro Analyrer [ad962T_test]
File Wiew JTAG Chain Device Window Help
=

Pi Open CablefSearch JTAG Chain

JT‘G Chain

Open the "Bus Plot" interface, and the waveform interface will display a sine
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wave signal.

i Chipsco

yzer [d9238_test]
Flle View JTAGChain Device IriggerSetup Waveforn BusPlot Window Help

@ | Tiaoer R wose: [Remeiive ]| p m 1| 2| I

Proect ade20_test o o5t houn
745 Chain e
s DEVO WyDevie0 (BB

¢ UNIT:0 MylLAD (L&) e
ot
e ey
S0 oo e R
4 Dataport = |
Bpil]
o Low 200!
Lo f
CH: 48 DataPort[48]
CH: 49 DataPort(49]
CH: 50 DataPort(50]
CH: 51 DataPort(51] oo
CH: 52 DataPort[52)
23Dt
CH: 54 DataPort[54]
CH: 55 DataPort(55] L
CH: 56 DataPort[56]
7 Darorts
CH: 58 DataPort[58]
28Dt
CH: 60 DataPort{60]
CH: 61 DataPort(61)
CH: 62 DataPort[62]
CH: 63 DataPort(63)
CH: 64 DataPort[54] [ |
CH: 65 DataPort(65) Minfax
CH: 86 DataPortae] ¥in
CH: 67 DataPort(67) El o 1023]
CH: 68 DataPort[68]

E o |
CH: 69 DataPortoe] = —
CH: 70 DataPort7o]
CH:71 DatapoT1]

The specific data (hexadecimal data) sampled by AD is displayed in the

waveform window.

€iChipScope Pro Analyzer [2d9238_test]
File View JTAG Chain Device TriggerSetup Waveform Gu

Window  Help

® | Trooer Funboce: [Repetive ]| b m T R[S 9 |8 LR

Project: ad9238_test

111 1 Bus Piot - DEV:D MyDeviced (xCosLxe) UNIT:0 MyiLAG (L)

JTAG Chain £
4 DEV0 WyDeviceD ((CESLIE) it
& UNIT0 MyLAD L&) ® datavs time

© datavs data

Cm—

Bus Selection

Signals: DEV: 0 UNIT: 0
 Data Port

3000,

2500,

CH: 51 DataPorls1] 2000/

ccoo
2222
2EEF

1500,

o
2
2

o
2
g

o
2
g

(2] Waveform - DEV:D MyDeviceD (XCOSLXI) UNIT:0 MylLAD (LA)

o
2
g

[03 504 505 506 507 508 509 510 511 512 513 514 515 516 517 518 510 520 52 522 523 52 5
CH: 0 DataPori[a0] BusiSignal X0 i L L L L h I I I L I I
CH: 1 DataPort(a1] o ad_eht Fe| Fe

o
2
g

CH: 63 DataPorta3] e ==
GH: 64 DataPortad] = [ o0m| 000
CH: 65 DataPortos] (e 5| =
CH: 66 DataPorloe]
CH. 67 DataPorta7] [T DDl T ]
GH: 68 DataPortos] Waveform #4 captured 2010--81356:54 x
CH: 69 DataPortg]
GH: 70 DataPort70] x S zsor
L 71 Datapazil |

Part 4.3: Serial Display Voltage

In addition, we can see the converted voltage value through the serial port,
and the baud rate of the serial port is set to 9600. For example, AD input DC

voltage +3.3V, the display is as follows (different modules will have certain

deviations).
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ot Bl E 1.3 =loi x|

AD1:+3. 264V AD2: 0. O02VADI:+3. 284V AD2:+0.0DZVADL:+3.259% AD2:-0.002¥ o]

w A [ooe =] |Man1:+3 282y #he 40 OOOVAD +3.264¥ ADZ'+0. ODZVADL:+3 269V ADZ 40 DOO¥
. AD1:+3. 261V ADZ: 40 O04VADI 43, 261Y  AD2:+0.ODOVADL:+3. 264V  AD2:+0. 000V
b [a600 =] | fmt 43 261y Wzt +0 o02VADI 430264 ADZ 40 00ZVADL 43 ZB1V A2 40, 002V
e AD1:+3. 264V AD2:+0.DOOVADD :+3. 264V  ADZ:-0.DOZVADL:+3. 261V  ADE:+0. 002V
1t [Fone GB) =] M1 #3 761v A2 +0 00OVADI 43 264 ADZ +000ZVADI 43 261¥  ALZ.+0.000¥
S D143, 265V ADZiH0.DORVADD 43,261V  ADZ:40.00OVADL:+3, 281V ADZ:+0, 002V
iRty AD1:+3. 264V ADZ:+0. ODDVADI :+3. 261¥  AD2:+0.ODOVADL:+3. BEAV  AD2:+0. 004V
B AD1:+3. 261V ADZ:-0. ODDVADI :+3.261¥  ADZ:+0.0DOVADL:+3. 261V ADZ:+0. 000V
=101y AD10+3. 261V ADZi-0.DORVADD 43,260V  ADZ:40.00OVADL:+3. 259¥  ADZ:+0. 000V
AD1:+3. 251V AD2Z:+0. ODDVADI :+3. 261¥  AD2:+0.ODOVADL:+3. 259V  AD2:-0. 002V
@ AD1:+3. 260V AD2:H0.DOZVADD +3.261¥  ADZ:-0.0D4VADL:+3. 50¥  ATE:+0. 002V
' AD10+3, 264V ADZIHD.DOZVADD 43,261V ADZ 40, 00ZVADL:+3, 280V  ATZ:+0, 00OV
—— (AD1:+3. 261V  WDZ:+0.ODOVADD +3. 269V AD2:+0. O0OVADL:+3. 264V  ADZ:+0. 000

BEERE | [BHE oo 261y she'+n 000vADI 43 281V AIZ 4D 0DAVADI 43 2B1¥  AT2 40 00OV
Eles AD10+3. 261V ADZIHD.DORVADD 43,264V  ADZ:-0.000VADL:+3. ZEEY  ADZ:-0. 002V
2 LIT AD1:+3. 250V ADZ:+0. ODDVADI :+3. 261¥  AD2:+0. ODOVADL:+3. 2B4V  AD2:+0. 000V
F BiE= AD1:+3. 261V ADZ:+0. ODZVAD] :+3. 264Y  AD2:+0. ODOVADL:+3. BEAV  ADZ:+0. 002V

S i
e [rone o]

ferranie | B |
|- \COMDATAY

=
FaEl | [BEE | =]
CEenRE  Fanmi |
s -l

Bt o =9 EsEsy | [EEEERTE st |

A | STATUS: COM3 Opened 9600 Wome 8 1 Rz 142740 |Tx:0 HEET | B Bt |
When the DC voltage is changed to -3.3V, the display is as follows (different

modules will have certain deviations).

e RO mF 1.3

W 0oz = -3
#iE [ss00 —| | rpiE
BERfe [one Go) =] | |40t <3 9057
L || e

=101 ]

. O00VADL: o+, 000VADL ;-3 308V ADZ 40, 002V _:J
. 000VADL : =3, (+0. 000YADL :-3. 308V ADZ:+0. 000V
.O00VADL :=3.305Y  ADZ:+0. 000YVAD]:-3. 305V ADZ:+0. 000V
CO0ZVADL ;=3 305V ADZ:-0.000VAD1:-3.300¥  ALZ:+0. 000V
CO00VADL ;=3 308V ADZ:+0. 000VAD] ;-3 305V AL :+0. 002V
CO0ZVADL -3, 300%  ADZ:+0, 000VADL . -3, 308Y  ADE:+0, 002V
CO00VADL -3, 310V ADZ.+0, 000VADL ;-3 308Y  ADE:-0, 002V
CO02VADL :-3.305Y  ADZ:+0. 000VAD1:-3. 303V ALZ:+0. 000V

ol e _O02VADL -3 308%  ADZ:-0. ODZVADL:-3 305¥ ADZ:+0. 00OV
=101 AD1:-3. 305V _OODVADL -3 308Y  ADZ:+0 ODOVADL:-3 308Y ADZ:+0. O0ZY
AD1 3. 303V _ON2VADN -3 305 ADZ:+1 O0ZVADL:-3 305Y ADZ:+0. 00OV
@ E=@ESE0 | ADL -3 303V .00O0VADL =3, 305V ADZ:+0. QOOVADL:-3. 308V AD2:+0. 000V
' AD1:-3. 308Y LOODVADL:—3,308Y  ADZ:+0, QOOVADL:-3, 310%  ADZ:-0. 00OV
E——— AD1:-3. 305V _OODVADN -3 303F ADZ:+0 ODOVADL:-3 305V  ADZ:+0. 000V
o o |$§IHIIXJ ADL:—3. 308 _O02VADL -3, 308Y  ADZ: 0. O0OVADD :-3. 308Y  ADZ:+0. 00ZY
Etes | pousanw _OODVADL:-3 308¥ ADZ:+0 ODZVADL:-3 30S¥  ADZ:+0. 004V
2L AD1:-3. 310V _ON2VADN -3 308Y  ADZ:+1 O0ZVADL:-3 310%  ADZ:-0. 000Y
" BiEe AD1:-3. 308Y _OODVADN -3 308Y  ADZ:+0 O0OVADL:-3 305Y ADZ:+0. 00ZY
AD1:-3. 310V LOODVADL:—3,308Y  ADZ:+0, OOZVADL:-3, 3009V  ADZ:+0. 00OV

[~ +7=ilET ADL:-3. 308V
v TN () e

isirae | ez | [0 3 300

CO0ZVADL -3, 303Y  ADZ: -0, 000VADL . -3, 305V ADE:+0. 000V
CO02VADL ;-3 304%  ADZ:+0. 000VAD]:-3.308Y  ADZ:+0. 002V
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