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YsRORD A

I : b
PRECISION_DAC1 3 4 PRECISION_DACO
PRECISION_DAC3 5 & PRECISION_DAC2
WREF_4v094 7 8 VREF_2V5
— 9 10 —t
EXP_CLK_P 11 12 EXP_CLK_N
— 13 14 —
EXP_IOAQ_P 15 16 EXP_IOAD_N
EXP_10AL_P 17 18 EXP_IOA1_N
EXP_IOAZ P 19 20 EXP_IOA2Z_N
— 21 22 —+
EXP_I0A3 P 23 24 EXP_IOA3_ N
EXP_10A4_P 25 26 EXP_lOAd4 N
1 27 28 WCCIO_2V5
! 29 30 I —
EXP_IOBO_P a1 32 EXP_IOBO_N
EXP_IOB1_P a3 34 EXP_IOB1_N
EXP_IOB2_P as 36 EXP_IOB2_M
EXP_I0OB3 P a7 38 EXP_IOBI_N
b— 39 40  |—e
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— 49 50 —4
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BISRAF A
ADC (18EW . 15Msps)

ALPHA15(%. 2DMD&ER (15Msps) . m0fiERe (18Ew k) ADC (077074 - /)\/ 12 XLTC2387-18) %
NELTWET,

ADC AF3(E SMA JRISICINO & IN1 EFRRENTWVET, AHEDCHESSTN. IMQ THIHEENTL)
x9,

AN, BEHNEARANETE+8V (CHIEITDBEBETH T L vH(C K> TRESNTLET,
ABL>S(F RF_ADCx RANGE_SEL {EETEIRTEEY (0=2Vpp/1=8Vpp) -

FPGA
RF_ADCO_RANGE SEL
RF_ADCO_EN
LTC2387-18
18-bit 15 Msps ADC
IN+ PO [
IND '~ TESTRAT RF_ADCO_TESTPAT
) TWOLANES, RF_ADC_TWOLANES
1M0 g -
DA RF_ADCO_DA
RF_ADCO_DB
DCo RF_ADCO_DB
RF_ADCO_CNY ———a=| CNV
€K RF_ADCO_CLK

RF_ADC1_RANGE SEL

1 RF_ADC1_EN
LTC2387-18
18-bit 15 Msps ADC

7D

IN1 I‘:‘ TESTPAT RF_ADC1_TESTPAT
1Mo TWOLANES  [~—
DA RF_ADC1 DA
DB

RF_ADC1_DB
DCo RF_ADC1_DB
RF_ADC1_CLK

RF_ADC1_CNV ———=| CNV

ALPHA15 ADC front-end and interface

ADCO & ADC1 @ ALPHA15 T>O— R - JOvJFENENIOY D - X5 A} RF_ADCO_CNV &
RF_ADC1_CNV mofftie=nzxzd,

ADC (Z FPGA D 110 )\>27 34 (25vO> WD) (CA>A—T1T—RAE=ND, ImxT0ONIILIE
(LTC2387-18)(Cie&H SN TULET,
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RF DAC

RF &)L - 7300 - A2I\—F—(C(F 2 DOEANHD D, HEEEF 16 Ey b, RXB>TUST -
L — & 250 Msps T9 (Analog Devices AD9747) . tHHDSANJL(E OUTO & OUT1 T, SMA IxRTA

(AW TWET, BHA>E—4F>X(E50Q0TT, A 18V HBXDIBEBEX XIS T I DB EELTY
TLYHTREZNTLET,

HAL>Z(E. 50Q08EI CTHRA1.5V ppTI. ZHUE. O>TrF21L—>3>SPIJURDDACH A > &M
UCHRETEFT, T IAINEETIE. DACIES0QERE TV ppZEHULET,

AD9747
Dual 16-bit 250 Msps DAC

P1D = DAC_P1D
outo(©) IOUT2 From Bank 35
P2D [=—> DAC_P2D

oun@<—< -«— I0UT1 LK |le—— R DAC cLK

SP| [-e—SPI_CFG

ALPHA15 RF DAC interface

DAC Y >JU>odo0voE. 20vF22I0S X5 /D RF_DAC _CLK iSiftieEnExd., AH5—
A« SA IFFPGADIIOINI35(CA>AF—TT—ASNTVEYT, TNE3.3VDI2ARDS > I)LIT >
R« SA4>2THEBRENET,

RFDAC (0> J+«4Fa1L—>3> SPI/\ATHESIND, HETBC++ RSA/)\—DY—XO— R(&
Github(C D ZFE T,
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oav*F>9
oaOvF*>2 - SRAFA BEAME ) X - 20OV - L —%— (Texas Instruments LMK04906)
ZEHRDCHEBERESNTWET, S17IILPLLEY MNPy ITHMEREINTWD, AIDIL—TF (&, BIEAME 1
XVCXO (ABLNO-V-100.000MHz) =E#¥oOwvo(COvoUEd., CNEEEOIOVIDMNE /A X -
J—F—&UTHBELE T,

2BEB®DIL—T(E. LMK04906AEEIVCO (2.37~2.6GHz) ZVCXOlCOv o ULZEY ., 0OV IDAEZRICK
D, FEDORIKRHM TRADDIOY JZEMRTETET,

LMKO04906
Ultra-low phase noise
clock generator

CLKI @ T CLKINO CLKOUTO @ CLKO
CLKOUT1 p——= RF_ADCO_CNV

CLKOUT2 [ RF_DAC _CLK

FPGA_CLK_OUT ——a=| CLKIN1
CLKOUT3 j—— FPGA_CLK_IN

TEXO 10 MHz e CLKOUT4 |—— RF_ADCI1_CNV
CLKOUTS f—— EXP_CLK

5P
a OSCIN  CPOUTL

12C0 VCXO 100 MHz
ALPHA15 ALPHA15 Clocking system

o0OwvD - DTRL—F(FMOMHzOBEEIOY JZRIFTAND KD ([CERETSNTNET,

-—= 5PI_CFG

HEIOYVIYV—-X(ELUTDOEDTY :

- Bt EDCLKI SMAA A, 8K2.5V pp (10 dBmM)DACEEZZIFTAND50 Q1> E—F > A, A>
MR—ROSBEESRI>/\L—4 (890 Mbps) (CLD. ZRMRIOvVY - US/NUNTEIEE, ESDIRES
ncunxds,

- FPGANMRMH T 200Y U T RFT LAZRIET DIEHDFPGA_CLK_OUTES.,

ZA > R— RMOMHZREE #ESE K EFIR (TCVCXO) o ;@7KE|E%?E‘Z%§(&" EZXERESH (-40
~+85°C) T*280ppbEWV\DEVWEREHEZIFTO> TLET ., T—>>20(Fm A TER+1ppm. 12C0/ XM Sl
filcsN3DACEFERAL T, H/&A%FT&“(LDH”?Z;L_c‘:b\‘cgia“o

o0vY - xR —F—EFUTDOOYIZEMUET :

- CLKO SMAE A THIHBIRERALVCMOSZ O 2, THOHEHIL ESD IRESINTLET,
- LVDS E5 & LTHEENS RFADC Y>> - 0w RF_ADCx_CNV,

- LVDSIES & UTHEESNSBRF DACHY> U >4 4~0Ow2RF_DAC_CLK.

- FPGA_CLK_IN(ZFPGALDLVDSAHOOY I TTY,

« EXP_CLKIILER ORI A DLVDSOU OV I TY,
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=#aEDAC
EAEEDACF4F v >RIL, 16Ew RDAC (777074 - /{112 XAD5686) TJ.

HAOBEEHE(F0~2.5VT. 1F v RILBZDERR20mMAZHIE TSNy T 7 ZmA TLET.
HHIESDIRE SN TLE T,

AD5686
16-bit DAC

VOUTA —> PRECISION_DACO
SP|_PRECISION DAC ~——| sp| VOUTB = PRECISION_DAC1
VOUTC —>= PRECISION_DAC2
VOUTD = PRECISION_DAC3

ALPHA15 Precision DAC interface
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ALPHA15 Temperature sensors. Voltage reference in blue, board in red

ZyngRET2EFPGALDXADCZFERA U CEZSY—1FEJ, TemperatureSensor RS -1 /\Z({ERAT D &,
LEEDIDDBREZEIS TEET ., EHEEDEVEMEDIZHICIE. T1<70°C. T2<85°CTHDZ & =R
LTLIEE0N,
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EERE=S—

ALPHA15(C(Z. 2DD/VDJD—F=4— (Texas Instruments INA230) HMEFEH =N TL\F I, 4\ E012VEIREE
o0vF > OIS RAFAEBRO2DDL —I)ILHAEZSFEND. EESDBEE. ER> v > MEFLF10MQ
T9Y9, mADERE=SY—(E. PowerMonitor RS- /\—%&7T L TI2C0/\AMNS 77Tt XEJEETY,

EEPROM
ALPHA250(64kbit EEPROM (Microchip 24AA64T-IIMC)%=#5# L CUL\ET . Zhid. Eeprom RS /{EN
LTI2CO/NX TP REIHET T,

EEPROM(Z2DDEFD (CHONNTWVET, THI7 RL XL, Koheronhikal> —4 ERIET — A =& D
EOICERLET, EM177 R X (0x10004 L) (&1 —H— - 7T UH5—3>HATY, EEPROMY W
7T RLYSDIEFTFRICRESNTUVET,

Description Offset Range
Identifications 0x000 0x100
Precision DAC 0x100 0x100
RF ADC channel 0 0x200 0x100
RF ADC channel 1 0x300 0x100
Clock generator 0x400 0x100
RF DAC channel 0 0x500 0x100
RF DAC channel 1 0x600 0x100
User application 0x1000 0x100

ALPHA15 EEPROM map addressing

Zynq 1/O

Zynq XC7Z020-2CLG400l(C(d. OS5 TIL - OZwIREDIOINOR2DH 0D (J\>734£35) . £
NTN48 10ZMBR TLET,

1DDI\N>0 (JND0) (& LEEIO (MIO) (> —TJ1—AZmATTYUES RF LAERTY., RU
JI3)IEA2F—T—R - J\ZADTY hMEUTICRUEY,

DDR3L
SDRAM
| Q5P Flash
FLASH I 64 Mb

P! R
AD5686 SPI_PRECISION_DAC 00 CLK33 Clock
16-bit precision DAC 33MHz
sD
ADCO_DA *—-E
. ADCO_DB
LTC2387-18 s - USB 2.0 Y
18-bit 15 Msps ADC ADCD CLK o § USB3320
~
P Zynq = ETHERNET PHY
ADC1 DA o 0 g > Ksz5031RN
LTC2387-18 ADC1 DB 5
ADC1_DCO a 7020 Qlegme [ Oiglent
18-bit 15 Msps ADC ADEL LR header
- UART FTDI
SPI_CFG FT231%Q
LMK04906 FPGA_CLK_IN
Clock generator FPGA CLK OUT 12¢co Secure
Bank 35 (3V3) :lEEPROM
l Vref |_<_"_‘_| Real-time
- T sensar clock
AD9747 DAC_P1D 18
Dual 16-bit 250 Msps DAC Board User
ua i Sps DAC_P2D 16 l T® seraor |‘1—1 —P[ EEPROM
EXP_|0A 10 TCXO Main suppl
. wning [ monitor
Expansion _EXP OB 1§
- GPIO Clock suppl
Connector 12C1 [ expander |““"“"’| onitr | |

ALPHA15 Zynq peripherals and communication buses

/O (Eports.xdc T 7 ML CEEEINE T,
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ADCFT—4 - J\X

RF ADC (ZLVDS 7—4 « JARICKD T\ 34 (CA>A—TT—ASNTWVWET, T TAJIL KT
LTC2367 17 (F2L —>HHE— RTEMEL. T—Z(F2ADS 1 >DA (FHEw ~H) DB (BF#HEwW ~
) TEmXENEY,

# RF ADCO (Bank 34)

# Clock output

set_property IOSTANDARD LVDS_25 [get_ports adcO_clk*]
set_property PACKAGE_PIN P20 [get_ports adc0_clk_out_n]
set_property PACKAGE_PIN N20 [get_ports adcO_clk_out_p]

# Data inputs
set_property IOSTANDARD LVDS_25 [get_ports adc0_d*]
set_property DIFF_TERM TRUE [get_ports adc0_d*]

set_property PACKAGE_PIN P18 [get_ports adc0_db_n]
set_property PACKAGE_PIN N17 [get_ports adc0_db_p]
set_property PACKAGE_PIN W20 [get_ports adc0_da_n]
set_property PACKAGE_PIN V20 [get_ports adc0_da_p]
set_property PACKAGE_PIN U20 [get_ports adc0_dco_n]
set_property PACKAGE_PIN T20 [get_ports adc0_dco_p]

# Control pins
set_property IOSTANDARD LVCMOS25 [get_ports adc0_ctl*]

set_property PACKAGE_PIN V15 [get_ports adc0_ctl_range_sel]
set_property PACKAGE_PIN Y19 [get_ports adcO_ctl_twolanes]
set_property PACKAGE_PIN W18 [get_ports adc0_ctl_testpat]
set_property PACKAGE_PIN W19 [get_ports adc0_ctl_en]

# RF ADC1 (Bank 34)

# Clock output
set_property IOSTANDARD LVDS_25 [get_ports adcl_clk¥]

set_property PACKAGE_PIN P19 [get_ports adcl_clk_out_n]
set_property PACKAGE_PIN N18 [get_ports adcl_clk_out_p]

# Data inputs
set_property IOSTANDARD LVDS_25 [get_ports adcl_d*]
set_property DIFF_TERM TRUE [get_ports adcl_d*]

set_property PACKAGE_PIN T15 [get_ports adcl_db_n]
set_property PACKAGE_PIN T14 [get_ports adcl_db_p]
set_property PACKAGE_PIN U17 [get_ports adcl_da_n]
set_property PACKAGE_PIN T16 [get_ports adcl_da_pl
set_property PACKAGE_PIN P16 [get_ports adcl_dco_n]
set_property PACKAGE_PIN P15 [get_ports adcl_dco_p]

# Control pins
set_property IOSTANDARD LVCMOS25 [get_ports adcl_ctl*]

set_property PACKAGE_PIN W15 [get_ports adcl_ctl_range_sel]
set_property PACKAGE_PIN Y17 [get_ports adcl_ctl_testpat]
set_property PACKAGE_PIN Y18 [get_ports adcl_ctl_en]
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RF DAC/\S L JLIKXX

ALPHA1S

RF DAC (&, LVCMOS 3V3 XS LIJLIKRI(CELD>TIN> T 35 £A>2HF—T1—ASNTWVD, EF v 2RI
DT—2FE16 SA>DBITNXTHEENFES., I>TrFal—>3a>FE A>T«rFa1L—>3>SPI

INRZNTUTRITSNE T,

# RF DAC

set_property IOSTANDARD LVCMOS33 [get_ports dac_*]
set_property DRIVE 8 [get_ports dac_*]

# Channel 0

set_property PACKAGE_PIN D18 [get_ports {dac_0[0]}]
set_property PACKAGE_PIN E17 [get_ports {dac_0[1]}]
set_property PACKAGE_PIN E19 [get_ports {dac_0[2]}]
set_property PACKAGE_PIN E18 [get_ports {dac_0[3]}]
set_property PACKAGE_PIN A20 [get_ports {dac_0[4]}]
set_property PACKAGE_PIN B19 [get_ports {dac_0[5]}]
set_property PACKAGE_PIN F17 [get_ports {dac_0[6]}]
set_property PACKAGE_PIN F16 [get_ports {dac_0[71}]
set_property PACKAGE_PIN B20 [get_ports {dac_0[8]}]
set_property PACKAGE_PIN C20 [get_ports {dac_0[9]}]

set_property PACKAGE_PIN L17 [get_ports {dac_0[10]}]
set_property PACKAGE_PIN L16 [get_ports {dac_0[11]}]
set_property PACKAGE_PIN D20 [get_ports {dac_0[12]}]
set_property PACKAGE_PIN D19 [get_ports {dac_0[13]}]
set_property PACKAGE_PIN G18 [get_ports {dac_0[14]}]
set_property PACKAGE_PIN G17 [get_ports {dac_0[15]}]

# Channel 1

set_property PACKAGE_PIN F20 [get_ports {dac_1[0]}]
set_property PACKAGE_PIN F19 [get ports {dac_1[1]}]
set_property PACKAGE_PIN J16 [get_ports {dac_1[2]}]
set_property PACKAGE_PIN K16 [get_ports {dac_1[3]1}]
set_property PACKAGE_PIN G20 [get_ports {dac_1[4]}]
set_property PACKAGE_PIN G19 [get_ports {dac_1[5]}]
set_property PACKAGE_PIN K18 [get_ports {dac_1[6]}]
set_property PACKAGE_PIN K17 [get_ports {dac_1[7]}]
set_property PACKAGE_PIN H20 [get_ports {dac_1[81}]
set_property PACKAGE_PIN J20 [get_ports {dac_1[9]}]
set_property PACKAGE_PIN M18 [get_ports {dac_1[10]}]
set_property PACKAGE_PIN M17 [get_ports {dac_1[11]}]
set_property PACKAGE_PIN H18 [get_ports {dac_1[12]}]
set_property PACKAGE_PIN J18 [get_ports {dac_1[13]}]
set_property PACKAGE_PIN G15 [get_ports {dac_1[14]}]
set_property PACKAGE_PIN H15 [get_ports {dac_1[15]}]

10
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aA>J14F21L—>3>SPUR

#%B SPI/{R(&, RFADC. RFDAC, 7OV - XL —4~DA>TJ«4Fa1L—>3>8FHETI, U
J7L>X - THA>TlE

CDINRADBEIC HOL OF7MMERENTVET, 1259 —TJ1T—XZUTFI(C

LMKO04206

Clock generator

set_property PACKAGE_PIN R17 [get_ports spi_cfg_sdo]
set_property PACKAGE_PIN R16 [get_ports spi_cfg_sdi]
set_property PACKAGE_PIN W16 [get_ports spi_cfg_sck]

set property PACKAGE PIN U12 [get ports spi_cfg cs rf dac]
set property PACKAGE PIN T12 [get ports spi_cfg cs clk gen]

AL ET .
cmd byte
87 |B6 |B5 |84 [B3 B2 [B1 |BO
RESERVED N1 |NO |Al |AD

MSB LSB
| e .
: Configuration 5P| : >
[ ! ¥
: s_axis_tready : o
" . . 1 Sp_cig_cs_rf_cik_gen
' s_ax!s_tvalld cs[0] -
1 | s_axis_tdata[31:0] cs[1] ' -
1 | emd(7:0] sclk Spd.ctg ack -
] . ' i_cfg_sdi
' Sdl . <pr cfg_si >
. 1 SPi_cfg_sdo

pL €
i g e

ALPHA15 Configuration SPI bus
HEIT 7L

AD9747
Dual 16-bit 250 Msps DAC

O>TJ4Fa2L—>3>SPUNRE(F/\>234(C2.5VDLVCMOSIES TSN TULET,

# Configuration SPI (Bank 34)
set_property IOSTANDARD LVCMOS25 [get_ports spi_cfg_*]

11
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X7

OVEIESZIAFERTY., FyINSIO>TIasFal—>3>ZmPHtEITEFHDER AL s_axis_tready
ESE. APV DXYE—DRELZELRT U, FILLWXA Y E—SHIRETDIERHY TS 2SI B
DICERTEET,

O77(31. 2 3FTZ(F4)\A bDFT—HZXRETED. X T D/ MIE cmd /N« bDEW kB2 &£ B3
ZERALT, UTORICREODTEELET,

N1 NO Description
0 0 Transfer one byte
0 1 Transfer two bytes
1 0 Transfer three bytes
1 1 Transfer four bytes

Configuration SPI byte transfer count

FvT LIk - PRLXE cmd )\ hDBO Ew h&B1 Ey bZEFERLUT, FRICEO>TEELE
ED

Al A0 Description
0 0 cs=0
0 1 cs=1

Configuration SPI chip select address

BRX SNeT —4 (s _axis_tdataE > [CEHRSVRINUEIRS T, BRiX(d s_axis_tvalid E>DIIBTFHD
ITwv>ThURH—aNET, 177(& SpiConfig RS /\THIfHIENET,

FSEDAC SPIJLX
FBZDACADT —AERiX (L. \RASOMHzETO OV 7Y JeJREIRSPUNRA&EFER L TIThNEI ., =5

(C. SYFEZLDACEZZFEALU T, 4F v RILEDZEBRNICEHRLEI, YIF7L2R - FTHA>T
(&, BROHDLOVAMER=NTWE T, 12— —RZUTFITRUEFT,

]

: Precision DAC SPI ' AD5686
]

X ' 16-bit DAC

: data[f,aO] sync : spi_precision_dac_cs »| synC

' ] spi_precision_dac_sck -

! valid sclk X spi_precision_dac_sdi ] SCLK

: sdi | — | SDIN

I cmd[B'O] ldac : spi_precision_dac_ldac »| LDAC

]

]

ALPHA15 Precision DAC SPI bus
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HEI7I

=AEEDAC SPIE > (3/\>234(C1.8VDLVCMOSIES TIEFESN TULE T,

# Precision DAC (Bank 34)

set_property IOSTANDARD LVCMOS25 [get_ports spi_precision_dac_*]

set_property PACKAGE PIN V17 [get_ports spi_precision_dac_cs]
set_property PACKAGE_PIN V18 [get_ports spi_precision_dac_sck]
set_property PACKAGE_PIN T17 [get_ports spi_precision_dac_sdi]
set_property PACKAGE_PIN R18 [get_ports spi_precision_dac_ldac]

X7

ALPHA1S

validh'Highdfl. J7(dE>FT—SDIETDACTF v RILEEHFUET, T—4 - ESD64E Y M. 4DDF v 2%
JLISERTESNB4x16E Y MDEDEEZSHET . FroRIWEETFI16EY T, Fr>xRIL1. 2. 3&H<, 4

Fv oRIDT—FZEFELUEE. 07 (ddaccSvFUET. cmd = 1DHE. T—F (FEHANICEFHF . cmd =3
DHZE. FILWMENBIZ T D EHINEHFEINET, I77(EVerilogTENNTULET . PrecisionDac RS-/ THIEIE

nx9,

PSd7

IR R AL/ N\=ROTHAEENTVEY (PLEICERETESY I MOV EEHRNTY)
PSO7(F/\D0DMIOE> A > H—T T —ASNTVET, OZvILALEFELVCMOS 1.8VTd, MIOO> T+

FalL—>23aYIR—-RKR-O>TosFa2L—>3> - T7AILTHE

Peripherals
* | Quad SPI Flash
>
>
> /| Ethernet 0
» || Ethernet 1
4lusBo
usel
» /1500
> |8D1
» S 5PIO
> /5Pl
» /| UART 0
» |UART1
ri/lizco
»l/licl
> caN O
>[lcanl
/| TTco
TTEL
7| swDT
FITAG
> TP
> /| GPIO MIO

GPIO EMIC

Bank 0 LVCMOS 1.8V v

0 1 2 % 4 5 6 7 B 8 1011 12 13 14

Quad 5P Flash

ALPHA15 Zynq peripheral I/0 pins in Xilinx Vivado

PSOHIKIT 7 AL :

set_property CFGBVS GND [current_design]

‘Eankl LWVCMOS L8Y v

Enatd

set_property CONFIG VOLTAGE 1.8 [current_design]

it

FITAS

15 16 17 18 19 20 21 22 23 24 35 26 27 28 29 30 31 32 33 34 35 36 37 B 39 40 41 42 43 44 45 46 47 48 45 S0 Sl 52 51 EMID

SWDT  EMID
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12C0
C D)\ IFALPHA250 BB TIERA SN, HRIRITINSETFITCATEFEEA. 12C0NRDT RL WS >I(ERDE
HOTY

1100100 / 1011100: Secure EEPROM

1010001: RTC registers

1010100: User EEPROM

0100000: GPIO expander

1000001: Main power supply monitor

1000101: Clocking subsystem supply monitor
1001000: Voltage reference temperature sensor
1001001: Board temperature sensor

0101111: TCXO control voltage

12C1
12C1/ R SRR TIRHATT . 2.2kQTILT W FIFE33VLRILS TH—HN)N 00D > —T 1T —ARIRML
F9, 12C1O7(F, @EYRPSO> J4Fa1L—>3>2(CkD. CANIZCANOICESX DT ENTEET,

ENETO
A —B2Ry k- RUTTSIUEENETOMACO P EA A —T T —RENFT,

USBO

USB 2xU4(FUSBOO 7 &A 2 F—TT— AN TUVET,
SDo

SDA—R(ESDOO7 EA>HF—TT— RSN TCVET,
UARTO

S U7 ILik— b7 )\WDUSB >4~ —J 1T —XIFUARTOO 7 (CHEficsNE T,
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