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The designation of SiP prototype verification platform based on FPGA

Yang Chuwei , Zhang Meijuan , Hou Qingqing
(The 58th Research Institute , CETC, Wuxi 214035, China)

Abstract: With the growing demand of embedded system miniaturization and the performance of analog—to-digital/digital —to—analog
converter(ADC/DAC), it is a big problem how to improve the reliability of ADC/DAC signal transmission, increase the function
configurability and signal processing reconfigurability on the premise of reducing system volume and power consumption. Thus, this
paper designs a system in package(SiP) prototype verification platform based on FPGA, used to verify the feasibility and reliability
of this SiP architecture. This SiP is based on the ADC+SoC+DAC architecture, PowerPC470 is the internal processor of system on
chip (SoC), which integrates various common peripherals and the reconfigurable algorithm unit. The design and function verification
of bare machines IP and ADC/DAC based on reconfigurable IP are carried out on the built FPGA platform. It is verified that this
SiP can effectively reduce routing deley and noise interference to improve the transmission reliability of signal, rich peripheral inter-
face improves configurability of ADC/DAC, integrated reconfigurable algorithm increases the reconfigurable performance of signal pro-
cessing through software and hardware co-verification experiment, laying a basic technical foundation for later SiP design and testing
for integrating more devices.

Key words: system in package (SiP) ; analog —to —digital/digital —to —analog converter (ADC/DAC) ; prototype verification ; reconfigurable
algorithm ; bare machines IP ; FPGA

0 4, ., PCB
[1-2] [5] R ,
k . SiP ,
B3 ’ 5 ,
PCB ADC+SoC+DAC FPGA
SiP SiP , SoC :

84 —www.ChinaAET.com

http://www.chinaaet.com



http://www.chinaaet.com

M EFHEAR

s SoC s 1
[6-7]
, o ’ PowerPC470
SiP s SCI
1 SPI
FPGA ADC +SoC + CAN
DAC SiP, Sip 2 4 16 GPIO 170
ADC 2 2 16 DAC 1 SoC,SiP Gji‘f)ACC
9 1 - SoC IBM PowerPC470 DAC
91, AHB : .
(1)SCI .SPI .CAN .GPIO . GMAC 5 (2)
( IP); (3)ROM . Flash .SRAM Sip ,
5 SiP 1 o SiP oy _
. 2
siP
Sl FPGA SOC
N cPU Other SiP o FPGA
Memory PowerPC Deviee
@ @ @ XCVU440-FLGA2892-1-C,
Sl AHB 2 So ’ 2 °
16{ADC E 16(7DAC ADC  DAC Sip . FPGA
RX TOP A E P |— 3 s FPGA .ADC  DAC
PRI —! ! G
16{i ADC 16{DAC , SCI  PC ,GMAC
1 Sip 2 FPGA
1P AHB s
4M
AHB P ° BRAM/Mb 88.6
Ip N SPI
.DPSK/PPM . ADC DSP48E2 slices 2 880
P . DAC PCIEIP 6
o 1P 2 5 1P 3
FPGA SoC . SoC  ASIC SerDes 48
FPGA ,  SoC JADC DAC 170 1456
e
FIR R A A AR
ZH B Neo N il AN mimetm L .
DLJD> i V] V] W V] e [T askopscs [[T] MALE Ft DA DA>
33— i i
< REG BUS [>
REG2AHB
N
2
[==]
2 P
) 2022 48 1 — 85

http://www.chinaaet.com



METFHEA

http://www.chinaaet.com

Microelectronic Technology

FPGA
ITAG I
SCI J“\I I J:wf 12 J;*FH th’ L‘s( 15 th’ 16| (e AL
Power PC _ -
ITAG HLRFREE
 — P2 —p] SPl4—p
ADC SPI2 FPGA < i DAC
——DATA— —DATA—»
] —SP13— —SP 15— DAC
ADC | —DATA—
r—= -
| GMAC -’_“Plﬂl l_“l"ll l— CAND | [ -'\\“
'y
RJ45 =
3 FPGA
RJ45 PC 1 Spy ADC DAC 1s1
21 CAN  SPI 3.2 FPGA
o FPGA FPGA .
SoC 1P, MATLAB s
,ADC , )
,  SoC , o SiP
, , DAC , SiP 4
DAC . . FPGA . bit \
PC , SPI SoC o Eclipse
3
SiP SoC ASIC
FPGA , FPGA , 1 8%
Sip SoC 1 -
| mcin || Fazn |
3.1 FPGA
FPGA , FPGA
, ASIC FPGA PCAKE -4
1 E FPGARHIEF-5& IE
1) ’ e
5 (2) 5 (3) ADC I DAC R
: : @] [FA)]
ASIC FPGA ,ASIC FPGA '
' +Memory 4 FPGA
10, ,PLL ASIC
, Ip , CPU ; FPGA 1ol ,
ASIC Memory Complier (1) Xilinx SiP
, FPGA Memory L, , bit .
ASIC  Pad ASIC ; (2) confpro bit FPGA
FPGA  1/0, ASIC FPGA , A
FPGA , ) (3) Eclipse 0

86 —www.ChinaAET.

com

http://www.chinaaet.com



http://www.chinaaet.com

(4) P
(5) P
FPGA SiP , P
P
5 o
| FPGA{RID | | CAGHS |
| !
Xilinx A SiPER S0 Eclipseiliizt,
L PG AR ER Y LA
| |
[ koo || et |
| !
e Xilinx F R85 HEALITAG IR 285
FPGAHLF FPGAHLF
| ]
|
| Faocksrecal |
| (EAR I TCPURLHCR T B 1 |
|t romscpmiansRiEs R |
5 SiP
3.3 SiP
SiP (1) P
, FPGA
:(2) P
6 o

CPU

3.3.1

P

1P

BootLoader

SCI.SPI,CAN ,GPIO .GMAC,

BootLoader

BootlLoader
(1)FPGA
(2)
(3)

Flash

RAM

Flash i
[EREN RN B

, BootLoader

W HE A

Microelectronic Technology

, CPU o

Flash

o

, BootLoader

AR R

A5 Flash RIS IKAY
L FIRAM A

e 8 UARTH: 1

EiFRAMH PG

7 BootLoader

1P

JTAG

Debug
, Debug

o

SCI.SPI.CAN ,GPIO

USB

GMAC
10/100/1 000 Mb/s
, RJ45

’

) 2022

http://www.chinaaet.com

USB2XXX .

Ip
P o
PHY 88E1111,
, GMIL \MII .SGMII

o

PHY

48 1 —87



M EFRAR

http://www.chinaaet.com

LWIP,
3.3.2 IP
P P SiP
o P
5 . SiP ;s MATLAB
, ; ADC
s 1P ; 1P ;
DAC,DAC °
1P :
(1) , CPU Flash , CPU,
1P SPI | N \ADC/DAC
2) MATLAB
300 MHz DS 20 MHz
, 8 , ,
(i a1
i
8 ADC
(3) ADC . ADC
,  RXTOP
) Ip o
(4) P SDDC ,
DS DS DS ,
s CORR ,
DAC .,
(5)DAC o
9 9 b

9 DAC

88 —www.ChinaAET.com

4
SiP ADC/DAC
. , ADC
DAC SiP
FPGA ADC +SoC +DAC
SiP o SoC
ADC/DAC
, ADC/DAC o ,
RN SiP
, SiP
[1] , , .. CPU  DDR SiP
[J1. ,2015,34(4):79-83.
(2] , , . SIP [J].
,2021,57(5):216-221.
[3] , , .. Sip
[J]. ,2018,44(12):17-19,24.
[4] .SiP [J]. ,
2017 ,43(7):47-50, 54.
[5] , , JTAG SIP
[J]. ,2018,43(4):316-320.
(6] , , ARM Cortex-M3  SoC
[J]. ,2019,26(2):55-58.
[7] , FPGA  ARM SoC
[J]. ,2015(6):15-18 ,21.
(8] 4 SIP [D].
,2017.
[9] s s PowerPC
[J]. ,2021,47(3):79-82,90.
[10] ) ASIC  FPGA [J].
,2006(7) : 56-59.
[11] , , ..
[J]. ,2016,38(9):57-60,
66.
[12] , , ..
[J]. ,2018,35(7):87-
91.
[13] , , ) ATE  FLASH  FPGA
[J]. ,2018(10) : 46-47.
[14] . , . SoC FPGA
[J]. ,2018 ,44(6) : 124
128.
[15] , ) 32 MCU  FPGA 1.
( 93 )

http://www.chinaaet.com



http://www.chinaaet.com

M EFHEAR

10

1220.7 Hz
107.8 dB
69.63 pW

4

0.18 wm
Sigma—Delta 0
. MATLAB s Verilog
,  Modelsim s o
ADC 10 MHz .5 MHz.2.5 MHz 1.25 MHz,

[1] HOGENAUER E.An economical class of digital filters for
decimation and interpolation[J].IEEE Transactions on Acoustics
Speech & Signal Processing, 1981,29(2):155-162.

(2] , , 2-A ADC

[J]. (
40(12):1421-1425.

[3] SCULLEY S, FIE T.Digital COMB filter implementation for

), 2007,

the II XA A/D converter[J].ISCAS, 1996 ,2 :281-284.

[4] Tan Nianxiong, ERIKSSON S, WANHAMMAR. L A novel
bit—serial design of comb filters for oversampling A/D con-
verters[ C].IEEE International Symposium on Circuits and
Systems , 1994 : 259-262.

[5] CANDY J.Decimation for sigma delta modulation[]].IEEE
Transactions on Communications , 1986 ,34(1):72-76.

[6] , , .Sigma —Delta SIMULINK
[J1. ,2007 ,26
(11):1-4.

[7] LYONS R G.Understanding digital signal processingM].2nd ed.
Englewood Cliffs , New Jersey : Prentice Hall,2004 :258-260.

[8] , . [M]. 2

,2000.

[9] WANG Z,ZHENG T H,LU D,et al.Configurable incre -
mental sigma—delta ADC for DC measure and audio con-—
version | C|//IEEE Custom Integrated Circuits Conference ,
2014 :1-4.

[10] HARTLEY R 1.Subexpression sharing in filters using canonic

signed digit multipliers|[J].IEEE Transactions on Circuits
and Systems II: Analog and Digital Signal Processing, 1996,
43(10):677-688.

( :2021-04-30)

(1993-), , ,

(1969-), ,

( 88 )
,2020,20(1):41-47.
[16] , ARM SoC  FPGA [J1.
L2011 ,34(3):247-251.
[17] .SoC FPGA [1].
,2017,17(11):7-10,13.
( :2021-04-28)

) 2022 48 1T —93

http://www.chinaaet.com



http://www.chinaaet.com

hRAX 7= BR

ZAEH A, KRBT FE & W EAEER BT (o THA LAY
&, LAZKRT|H @R BETIM. LARFNDATFIZE L. ILh.
FFRATIE S ML, RERTPFERZ, FE—WEFENLE TR
TG AEE A KFERB L,

AEHA, AL LEZRBE T B2 HEE (CNKL). 773K
FHifRS-F 6. F AP SR E (45 ). DOAT. £E (&5 A4&
T8N IST B AFEFARIR M SR B 52038 A LK.

st F ik BB B AT A SRR R LA . AR FAA, KT
PRI —4) ok Bk AT R IE B ARz

R

CRETFRORNHD) Jn
F E TR R REH R A R NPT

http://www.chinaaet.com





