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Test Dilemma

= 4 circuit cards

— 2 with NIOS processors
— 1 with an STM32F4
— All with FPGA:s.

= Complex circuit cards - simulation is not available to create
test and diagnostics

" Need to create tests quickly that have good coverage and
meaningful diagnostics.

Solution: Leverage Microprocessors and FPGAs to
enhance tests

USE THE BUILD-IN SMART

0 Ur}bﬁ

ublication Release ID: 5523
istributio SttmtAApp ved for Public Release;
istributio unlimited.
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FPGA and MCU

" FPGAs are ideal for wide variety of applications

— Each series of FPGA include different features, such as
embedded memory, DSP blocks, high speed transceivers,
high speed IO pins, etc.

" FPGA loads configuration into its configurable logic
cells when first powered up.
— Can be re-programmed with no changes to the hardware
— Can implement logic structures in parallel
" MCU executes program loaded in its Flash memory
— Can load different programs at run time. L yg a8l 0ne

— Can execute instructions sequentially

ublication Release ID: 5523
tribution Statement A; Approved for Public Release;
tribution is unlimited.
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* When power is first applied, the FPGAs
must be loaded with their configuration
before the circuit card can function.

= Non-volatile memories are used to store
FPGA configuration when power is off.

" A temporary configuration can be loaded
into the FPGA that will be lost when
power is removed.

®" Both non-volatile memory and temporary
configurations can be programmed
through the JTAG interface using a USB
POD or Di.




ISP — using DI or PODs

Programming routine in SVF format FPGA manufacturers programming software
May need to reload pin memory if large Should be close to device theoretical speed
amount of data needed v
Standard S9 tester hardware “ Third party hardware built in ITA

No diagnostic message running SVF Generate useful message during execution

v

Teradyne Technical Interchange Meeting



Programming Pods

>

Platform Cable USB USB Blaster |l ST-LINK®

1 * Programmer for * Programmer for

* Programmer for Altera® devices STM8 and STM32
Xilinx® PROM, * JTAG interface family
FPGA and CPLD * USB control e JTAG interface
devices * USB control

* JTAG interface
e USB control

JTAG TO DEVICE, USB TO PC

®Xilinx is a registered trademark of Xilinx Corp., San Jose CA
®Altera is a registered trademark of Altera Corp., San Jose CA
®ST-Link is a registered trademark of STMicroelectronics International N.V.
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= QIsE

€ XILINX

ALL PROGRAMMABLE~

Xilinx iMPACT® Quartus® ST-LINK® Utility

* Programmer for * Programmer for e Supports S19, HEX
Xilinx PROM, Altera devices and binary format
FPGA and CPLD * Erase, program,
devices view and verify

e Part of Xilinx ISE
Design Suite

OFFERS COMMAND LINE INTERFACE

®Xilinx iIMPACT is a registered trademark of Xilinx Corp., San Jose CA
®Quartus is a registered trademark of Altera Corp., San Jose CA
®ST-Link is a registered trademark of STMicroelectronics International N.V.
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ge~Z]  Create programming command

= XILINX iMPACT® and ALTERA Quartus® can create
command file from GUI

setMode -bs

setCable -port auto

Identify

attachflash -position 1 -spi "N25Q32"

assignfiletoattachedflash -position 1 -file
"C:/Production/1553B/1553Btest/Build/Xilinx_Runtime/CM_1553 _FPGA ITR3_1.mcs"
Program -p 1 -dataWidth 4 -spionly -e -v -loadfpga

quit

e ST-LINK® requires user to create BATCH file

C:\"Program Files”\ST-LINK Utility"\ST-LINK_CLI-Q -c UR JTAG
FREQ=9000 -ME -P
C:\Production\1553B\1553Btest\Build\ST_Runtime\Functional_Test.hex
0x08000000

-V "after_programming"

> C:\Production\1553B\1553Btest\Build\ST_Runtime\Test.log

®IMPACT is a registered trademark of Xilinx Corp., San Jose CA

®Quartus is a registered trademark of Altera Corp., San Jose CA

®ST-Link is a registered trademark of STMicroelectronics International N.V.
Publication Release ID: 5523

Distribution Statement A; Approved for Public Release;
Distribution is unlimited.



Launching programmer

= Using Visual Studio’s CreateProcess() to launch programmer
in background. Use ‘CREATE_NO_WINDOW’ flag to suppress
black command window. Wait for process to terminate

before continuing. Collect messages to display on Test Studio
console window.

bSuccess = CreateProcess(NULL,
szCmdline,// command line
NULL,// process security attributes
NULL,// primary thread security attributes
TRUE,// handles are inherited
CREATE_NO_WINDOW,// creation flags
NULL,// use parent's environment
NULL,// use parent's current directory
&siStartinfo,// STARTUPINFO pointer
&piProcinfo);// receives PROCESS_INFORMATION

* Getresult of ISP programming

GetExitCodeProcess(piProcinfo.hProcess, &ExitCode)

Publication Release ID: 5523
Distribution Statement A; Approved for Public Release;
Distribution is unlimited.



NAVSEA Example Commands

DAHLGREN

&€ XILINX = Configure FPGA with IMPACT

ALL PROGRAMMABLE«

impact -batch
C:\\Production\\1553B\\1553Btest\\Build\\Xilinx_Runtime\\1553B_U8_Tactical.c
md

/NBTERA, * Run Quartus programmer Command File

quartus_pgm
C:\\Production\\SM1553\\SM1553test\\Build\\Quartus_Runtime\\SM1553_FPGA
_Erase.cdf

e Run ST-Link Batch File

I , I CMD /C C:\\Production\\1553B\\1553Btest\\Build\\ST_Runtime\\Tactical.bat

®Xilinx is a registered trademark of Xilinx Corp., San Jose CA
®Altera is a registered trademark of Altera Corp., San Jose CA
®ST is a registered trademark of STMicroelectronics International N.V.
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Example Test Studio console window

= Power cycle and live board with
configuration/program

Jﬁ\e Edit View Go Executon Tools Help

w e

”%El"ﬁi!nn ”lbl« bom o000 W M ED R M g Hl{c:-oe

E [ 15538 Tests
E Instal Fixture
X, Fixture Selftest
@ Install UUT
Test Setup Instructions

= 5 SOFTests

[, Fixture Continuity
[, Shorts

[, Cpens

Initislize Functional Test

‘ 4.2.4 ANALOG IN-CIRCUIT

Load Test Software

Memory TEST
Relay TEST

1553 Controller TEST
System Bus TEST
Arbitration Bus TEST
Software Load TEST
Tactical TEST

End of Test

Home Links Properties Status Setup Help

Status: FPGA Configuration TEST Ps

FUNCTION NAME ENABLE DIAG.

FPGA CONFIGURATION TEST

Wed Mar 28 12:04:41 EDT 2018
Status___________________________ &=

Run Node | Run F'arentl Breakpointsl Resst I Prirt Help I
Xpress Project Home

' Checksum Test
PASSED. Measured: 6asce7IsaTedsriect
ne)

1TR3.1
CM_1553_FFGA nu
Belease 12,7 -
Copyright (c) 1995 20;
Preference Table
Name
StartupClock
AutoSignacure

29352004802¢. EXDECTEd: 6a5C6735878ASr26c2322935200402C

13 Xilinx, Imc. ALl rights resezved.

ConcurrentMode
UseHighz
ConfigOnFailure
UserLevel
MezasgeLevel
svfUseTime false
SpiByresusp Auta_Correction
AutolInfer £alsz
iaplayCommenca taise
oL

default 6 MHe regardless of esplicit arguments supplied for sstting the baud
zates

Connecting ©o cable (Usb Fort - Uil

Checking cable dri

Driver file xusb leZ

deat=2301
10.2.1.0. WinDriver v10.21 Jungo (¢} 1397 - 2010 Build Dave: Aug 31 201

Caple PID = 0008.

quested during enumeracion is 300 mA.

“Cable Type = 3, Revision = 0.
Setting cable speed to § Miz.
Cable connecticn estaplisned.

0013/daTa/Kush_xpz.hex = 2401,

LabToola/Lal
1.

zia 1D = Xilinx x=6=1xl6, Versisn @ 4

Clear Print Save

ncenta...t00: : Manufa

Idmncifying
INFO:AMPACT:1

I” st Failing Pins ¥ petailed Messages

I Pause FailBurst [ Pause on Burst

prompt>

Teradyne Technical Interchange Meeting



NAVSEA | am alive!
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[ sz e vy =
Nﬂm Tie Tk Ve Taga ST Gommaionde Fiep
| OlE 213 @5
® Memory daplay Dever STMIF 4100
Adtes: [coamooonnn ] soe: [ G0 Owea Wit [0 3] oo i
s Urioown
Devce Mencry 508000000 - |srary e I vetpcnte
< 10209299900 0268011
= - Address 0 4 s I3 |asca
= — » 00000 000520 o041 0ONZND  OBNZNF . AN..8..¢
. = oowowio |ooni  cem3  czs oo s..s..s
3 \ o e
e 0080 0800319 OO0 GMOONIE  OSOBID  e...e.k
0000000 [0%02589 oS omnzr  0M0ES  eS..%..W..o%
oomo0s0 (o002 caoozs0  omnsAl  0ROISAS % %..%.¥%
oomoe0  osonasio  GHOZA0  0M0SE  OMONSES  ©%..-%.z%.u%
v oo [mos om0 omosct ouscs . 4%, A% A%
oomoxes  |onoascs  oeomsco  csonashr osoexsos  £%..4%..A%.0%

ALL PROGRAMMABLE~

HOW DO | EXECUTE TEST
AND GET RESULT?

®Xilinx is a registered trademark of Xilinx Corp., San Jose CA
®Altera is a registered trademark of Altera Corp., San Jose CA
®ST is a registered trademark of STMicroelectronics International N.V.
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e mEm . ; . Ij:m e—
_“ % o ‘-,;:., - 0 B ,.,m,_\;“m oo
f: ;f::_ ’ » i ‘T o:: !L_J - 5
5.. :. \ |bE .‘. Nios 11 . s , .—:ﬁTI &
& XILINX '-””” - B Haa
|

ALL PROGRAMMABLE. “ - - “

FPGA now have test Communicate thru Communicate thru
configuration NIOS® terminal Open OCD

Use Di to provide 10

control, and acquire M@RE (COM P[Lﬂ(CATE

Same as any digital test

®Xilinx is a registered trademark of Xilinx Corp., San Jose CA
®NIOS is a registered trademark of Altera Corp., San Jose CA
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-zl Communication with NIOS Processor

= Using the NIOS® terminal to display I
messages from MCU — (R o s

" FPGA based NIOS® processor had avery 7., JNHF -
small memory to store test program. e m,“““:‘w -

W==PreplUG BP  TRCE  PORT =

Created many small test programs that
could be loaded and then executed out of
internal FPGA memory.

®NIOS is a registered trademark of Altera Corp., San Jose CA

lic t n Release ID: 5523
ri SttmtAApp ved for Public Release;
i unlimited.



NIOS Terminal capture routine

= Using CreateProcess() to launch NIOS® Terminal in
background.

— Use ‘CREATE_NO_WINDOW’ flag to suppress black command
window.

— Collect messages to display on Test Studio console window
— Wait for MCU to send pass fail status

= Test Studio will terminate process when status is received
= Example: running memory test

CMD /C
C:\\altera\\13.0sp1\\nios2eds\\\"Nios Il Command Shell.bat\"
nios2-download -g /cygdrive/c/Production/SM1553/SM1553test/Build/Quartus_Runtime/MemTest.elf

®NIOS is a registered trademark of Altera Corp., San Jose CA

Publication Release ID: 5523
Distribution Statement A; Approved for Public Release;
Distribution is unlimited.



NAVSEA NIOS TERMINAL OUTPUT

DAHLGREN

Example Test Studio Console Window

SM1333test - Teradyne Test5St

Ei|E Edit EiE'.N QD Egecuﬁon IDD|S ﬂE'D ;Eiéililtj’r}iii é;i;,’76317, UB18 and UB13 ON for SM1553... =
Using csble "USS-BlasterII [USS-1]17, device 1, instance 0300
- b Pausing target processor: OE
= E’“ é @ .}{: _N: I' M > H M E:J Eﬁ @ % '= Q: ;:icializing CPU cache (if present)
Dewnloading 08020020 ( 0%)Downloading 0B030000 (S0%) Downloaded 7
X Home Links Properties Status Setup Help ';ezi:'¥ing 0OBOZ200Z0 | cs:)i:ezify;ngsgegigzaa (50%) Verified OK
tarcin rocessor at a ress 132 2z
[ SM1553 Tests nicoi-tezminai: fea ta tezget using JTAC UART on
. Insta" Fi)(b_“'e nicsZ-terminal: "USB-BlasterII [USB-1]1", device 1, instance 0O
rminal: (Use the IDE stop button or Ctcrl-C to terminate)
: Status: 4.2.12.2 Zam (mas, me7T) Teow
ﬂ Fixture Selftest M .I_ES.I_ TS - Testing Data Bus...
@ Instal UUT eme(}w COMNVE aTUDIe Testing Rddress Sus. ..
Test Setup Instructions :
= 5 SOFTests
B, Fixture Continiity FuncTIONNAME  |EwnaBLeDiac.
a string of numbexrs
[, shorts LAST RUN TIME Wed Mar 28 14:09:30 _ =1
[, Opens STATUS Passed SDREM (Ulo, U14) Test
B Initialize Functional Test Temting mmmresoTadiL.
B 4.2.4 ANALOG IN-CIRCUTT RunNode | RunPart | Beskports |  Rest | Pir wmaing oant
4,2.5 POWER SUPPLY TESTS : Wziting OmEEEE. ..
Xpress Project Home Hziting oxoooo...
= BSCAN Test Walking Zeros._ . _
I Erase Configuration Memory Priting = string of numherso--
ziting = =
B TaPIT Tooan (mi2) Memesy Tese
‘ VIT Testing Deta Bus. .
Testin: Address Bus. ..
[ 4.2.6 REGULATOR TEST Hriving omaamm. .
@ 4.2.7RESET TEST Nriving owsrer
@ 42.3BUSTEST Waixing omas. ..
B 4.2.10 FPGA Configuration TEST T Bt e
@ 4.2.12.6 Eight Bit COM TEST Wziting = tisl
1553B (Ul1Z) PASSED
@ 4.2.12.2 Memeory TEST DASSED Memory Test
Disconnecting all Keithley instrumentcs!
. 4.2 12.?RE|E‘,I’TE5T Elapsed Test Time (minutes): 5.704
@ 4.2.12.10 MIL-5TD-1553 TEST Test Result: PASSED ~
@ 4.2.12.8 RS485 TEST _ _
@ 4.2.12.15M Interface TEST Clear Print Save
@ End of Test
3 3 [ List Failing Pins Iv Detailed Messages
[ Pause FailBurst [ Pause on Burst

.iJM £ > prompt>

Idle g

Publication Release ID: 5523
Distribution Statement A; Approved for Public Release;
Distribution is unlimited.



Communication with MCU - Open OCD

T
WARFARE CENTERS
DAHLGREN

" The Open On-Chip Debugger(OCD) is going to run as a
daemon process on a host PC, making use of a JTAG
compliant hardware interface that connects to the target

system

Outside PC | Inside PC OpenOCD

STLink USB Driver Target [_| Flash
K Module Module ‘N
A ]
—
) ’ 272
Line Interface)

JTAG

Clg file to describe. )
how OpenQCD should
use the JTAG adapter -
(STLink)
Cfg file to define
the microcontrolier 'éela.lnett
Cig file to define en
board specific things GDB \
(like external memory .
chips connected to the Client
microcontrolle

\
2 ’ -
’ = execute
How b ( $ T lclscrlpts
t GDEB GUI . imote

Publication Release ID: 5523
Distribution Statement A; Approved for Public Release;

Distribution is unlimited.
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Semihosting enables code

running on an ARM target

to communicate and use

USB on tester PC running

OpenOCD

* Code need to compiled
with semihosting
enabled

* OpenOCD need to have
semihosting enabled

Publication Release ID: 5523
Distribution Statement A; Approved for Public Release;
Distribution is unlimited.

Target

Host

Semi-hosting for processor messages

printf{“hellc\n"); Application Code
printf{} I
SVC C Library Code
)
SVC handled by
debug agent
¥
Communication
debugger with debugger
runnirg an host
'
Text displayed
hello on host screen




222 HOW TO EXECUTE TEST THRU OPEN OCD

" SOIC processor, STM32F4, had large flash memory for
test program storage. Loaded one large program that
could handle all tests.

= Used OPENOCD to modify a register value to select
which test to run.

sprintf (ConsoleCmd, "%s %s %s %s %s %d %s %s %s %s",
GDB_EXECUTABLE,
"-ex \"target remote localhost:3333\"", // Connect GDB Server to ST-Link
"-ex \"monitor arm semihosting enable\"", // Enable Semihosting
"-ex \"monitor reset halt\"", // Reset and then Halt the processor
"-ex \"monitor reg r12", test_num, "\"", // Register r12 = 'test_num'
"-ex \"monitor resume\"", // Start Program execution
"ex \"disconnect\"", // Disconnect GDB Server from ST-Link
"ex \"quit\""); // Quit GDB Server

if (TsTerminal_Run_ST_Link(ConsoleCmd) != TS_TERMINAL_SUCCESS)
{

set_cfail (TRUE_);

return(BAD_4B_);
}

Publication Release ID: 5523
Distribution Statement A; Approved for Public Release;
Distribution is unlimited.



R
WARFARE CENTERS
DAHLGREN

File Edit View Go Execution Tools Help

E 2 4B

i 15536 Tests

@ Install Fixture
i Fixcture Selftest
@ Install UUT
Test Setup Instructions
= 5 SOFTests
[, Fixture Continuity
[, Shorts
[, Opens
@ Initialize Functional Test
‘ 4.2.4 ANALOG IN-CIRCUIT
B, 4.2.5 POWER SUPPLY TESTS
[ 4.2.6 REGULATOR TEST
- BSCAN Test
[, TAPIT
v
@ BUS TEST
@ RESETTEST
@ Load Test Software
[ FPGA Configuration TEST
[ Clock TEST
o
@ Relay TEST
@ 1553 Controller TEST
@ System Bus TEST
@ arbitration Bus TEST
@ Software Load TEST
B Tactical TEST
@ End of Test

Bl

I WM B R MG || f e D

| C:\Program FileshTeradyne\TPS Canw|

Status: Memory TEST

£l Home Links Properties Status Setup Help

TFSR( s
CONVE aTImIo

Funcriowhame  |EmmsieDIAc.

TBD3 TEST r
O = var 28 12:10:38 EDT 2018
srares 5

Run Node ‘ Run Parent | Breakpoints| Reset | Prirt

Help

Xpress Project Home

Idie

Memory Test...
5T Micro> 1553B Funtional Test Program Version 1.0
5T_Micro> System clock: 180000000 Hz
5T_Micro> Running SRAM Test
5T_Micro> SRAM Test Passed
SR&M Memory Test PASSED
5T_Micro> 1553B Funtional Test Program Version 1.0
5T_Micro> System clock: 180000000 Hz
5T Micro>» Running SDREM Test
5T_Micro> SDRAM Test Passed
SDRAM Memory Test PRSSED
5T Micro> 15538 Funtional Test Program Version 1.0
5T_Micro> System clock: 180000000 Hz
5T_Micro> Running 1553 Controller #1 (Ul2) Memory Test
5T Micro> 1553 Controller #1 (Ul2) Memory Test Passed
1553 Controller #1 Memory Test PASSED
5T_Micro> 15538 Funtional Test Program Version 1.0
5T_Micro> System clock: 180000000 Hz
5T_Micro> Running 1553 Controller #2 (Ull) Memory Test
5T_Micro> 1553 Controller #2 (Ull) Memory Test Passed
1553 Controller #2 Memory Test PASSED
PASSED Memory Test
Disconnecting all Keithley instruments!
Elap=sed Test Time (minutes): 0.477

Test Result: PASSED

<
Clear Print Save
I List Failing Pins ¥ Detailed Messages
I Pause FailBurst I” Pause on Burst
prompt>

Publication Release ID: 5523

Distribution Statement A; Approved for Public Release;

Distribution is unlimited.




NAVSEA
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B st_micro.log - Notepad
File Edit Format View Help

Open On-Chip Debugger 01.8.0 (2014-05-02-12:11)
Licensed under GNU GPL v2
For bug reports, read
http://openocd. sourceforge.net’'doc/doxygenbugs html
none separate
Info : This adapter doesn't support configurable speed
- STLINK v2 JTAG 25 APT v2 SWIM v4 VID 0x0483 PID 0x3748
s using stlink api v2
Info : Target voltage: 3.288772
Info : stm32f4x.cpu: hardware has § breakpoints. 4 watchpoints
Info : accepting "gdb’ connection from 3333
Info : device id = Dx2001641%
Info - flash size = 2048kbytes
semihosting is enabled
target state: halted
target halted due to debug-request, current mode: Thread
*PSE: 0x01000000 pe: 0x080002de msp: 0x20030000, semihosting
112 (/32): D=00000001
Info : dropped 'zdb’ connection
ST_Micro> 1333B Funtional Test Program Version 1.0
ST_Micro> System clock: 180000000 Hz
ST_Micro> Running SEAM Test
ST_Micro> SRAM Test Passed
Info : accepting "zdb’ connection from 3333
semihosting is enabled
target state: halted
target halted due to debug-request, current mode: Thread
*PSE: 0x01000000 pe: 0x080002de msp: (x20030000, semihosting
112 (/32): D=00000002
ST_Micro> 1333B Funtional Test Program Version 1.0
Info : dropped 'zdb’ connection
ST_Micro> System clock: 180000000 Hz
ST Micro> Running SDRAM Test
ST_Micro> SDEAM Test Passed
Info : accepting "zdb’ connection from 3333
semihosting is enabled
target state: halted
target halted due to debug-request, current mode: Thread
*PSE: 0x01000000 pe: 0x080002de msp: (x20030000, semihosting
112 (/32): 0x00000003
Info : dropped 'zdb’ connection
ST_Micro> 1333B Funtional Test Program Version 1.0
ST_Micro> System clock: 180000000 Hz
ST_Micro> Running 1553 Controller #1 (U12) Memory Test
ST_Micro> 1553 Controller 21 (U12) Memory Test Passed
Info : accepting "zdb’ connection from 3333
semihosting is enabled
target state: halted
target halted due to debug-request, current mode: Thread
*PSE: 0x01000000 pe: 0x080002de msp: (x20030000, semihosting
112 (/32): (x00000004
Info : dropped 'zdb’ connection
ST_Micro> 1333B Funtional Test Program Version 1.0
ST_Micro> System clock: 180000000 Hz
ST_Micro> Running 1553 Controller #2 (U11) Memory Test
ST_Micro> 1333 Controller 22 (U11) Memory Test Passed
Info : accepting "zdb’ connection from 3333
target state: halted
target halted due to debug-request, current mode: Thread
*PSR: 0x01000000 pe: 0x080002de msp: 020030000, semihosting
shutdown command invoked

Teradyne Technical Interchange Meeting




What is in a configuration

» Tactical Configuration

— Firmware loaded after the UUT is verified and ready for
deployment

— Provided by customer

= Test Configuration
— Firmware specifically designed to test all UUT functions
— Provided by customer

= Custom Test Configuration ( 1 out of 4 in this test case)
— When no test configuration was provided by customer
— Tactical configuration is not well documented to be used

— If the circuit card is primarily an FPGA surrounded by simple
support circuitry, creating a test configuration is best

ublication Release ID: 5523
tribution Statement A; Approved for Public Release;
tribution is unlimited.
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NADSE Test case — custom Configuration
Using FPGA as HELPER

= Access to FLASH memory was through FPGA only.

" |nitially FPGA created a direct connection to FLASH
memory. Di had to generate the programming
sequence for every memory location written. The Di
pin memory load time overhead made the
programming time too long!

" FPGA was modified to perform programming
sequence. All the Di had to do was apply the address
and data to the FPGA and wait for it to finish writing
to the FLASH memory. This change reduced the FLASH
memory programming time from 20 to 5.1 minutes.

Publication Release ID: 5523

Distribution is unlimited.



Test case — custom configuration
control

" FPGA was surrounded by simple support logic. This logic
was divided into 13 logic blocks that required no more
than 6 control signals.

" The FPGA only had 10 direct connections to a Di channel.
Custom FPGA configuration was created that would
route 6 of these channels to the logic block control
signals. The remaining 4 channels were used to select
which logic block would be tested.

" Response of the selected logic block was measured on a
connector pin with Di access, or routed back through the
FPGA and then back out onto the Data bus.

" The 10 direct FPGA connections were previously tested
with boundary scan.



-1 How to create custom configuration

DAHLGREN

" Use the FPGA vendor’s development tool to create
FPGA design

SE Projec gato ! |-
[ Eile Edit View Project Source Process Add Jools Window Layout Help EEE
DA Lkpbx|wal [ropRprRAzEac[ s EL[@Q

|Design ~oex|[x)
View: () (@) [ simulation X

Behavioral 7

Flash_Test_Interface

Ly

=
=
L-d
N
(]
v
m]
A
@
B
&
CJ
A
s
a
=~

Hierarchy
-8 Program_Memory_U22_ATE
= €3 xc6slx16-3csg324
=4 PM_U22_Top_Level PM_U22_To|

behavioral (PM_U22_Test_Bench.vhd)

& [8) XLXI_8 - Flash_Test_Interface (Flash_Test_Interface.sch)
£ [8] XLX1674 - FLASH_WR_CNTRL (FLASH_WR_CNTRLsch)
- XLXI_221 - TEST_IO_BUF_16 ()
- [2] XLXI467 - FLASH_IO_BUF_16 (FLASH_IO_BUF_16.sch)
& [8) XLXI_546 - FLASH_SEQUENCE_CNTRL (FLASH_SEQUENCE_CNTRLsch)
[8) XLXI5 - CNTRL_SIG_ROM (CNTRL_SIG_ROM.sch)
=[] XLXL6 - DATA_BUS_CNTRL (DATA_BUS_CNTRLsch)
. XLXI_8 - BUS_SELECT () -

SRR YL R =

€2 Mo Processes Running

Processes: UUT - PM_U22 _Top_Level
=%  ISim Simulator
@  Simulate Behavioral Model

283V

| Start| =g pesign | Files [ [y Libraries |2 Symbols [ 5 options | B PM_U22_Top_Level.sch =]

Console w04 x
i)INFO:HDLCompiler:1061 - Parsing VHDL file "F:/Dahlgren/BL5_BMD 1553B_ProgMem/FPGA Design/PM/Program Memory U22 ATE/PM U22_Test Bench.vhd" into library work -
G)INFO:ProjectMgmt - Parsing design hierarchy completed successfully.

Launching Design Summary/Report Viewer...

Started : "Launching ISE Text Editor to edit PM _U22_Test Bench.vhd".

Started : "Launching Schematic Editor to edit PM U22 Top Level.sch".

< 11l v
Console | @ Errors | 4\ Warnings | &g Find in Files Results

Teradyne Technical Interc




Leveraging EXISTING Code

= 3 circuit cards were Microprocessor based.
— Tactical source code was provided in C++ / Assembly / ADA
— Design verification source code was provided in C++
" Existing source code was used to determine base
address of control registers, peripheral configuration.
— No designh documentation was provided

" Design verification code was reused in functional test.

ublication Release ID: 5523
tribution Statement A; Approved for Public Release;
tribution is unlimited.

OO0 T
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TEST CASE — Altera functional test

= Altera FPGA uses external SRAM to store tactical
software

— How do you test the SRAM that is storing the program?
— If SRAM is bad, other part of the circuit cannot be tested
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TEST CASE — Altera functional test

" The NIOS processor Altera FPGA had small internal
memory.

" Write SRAM memory test that can fit in the internal
SRAM

" Can also break up functional test sequence into
smaller chunks

= | oad individual test and then execute.



NAVSEA

WARFARE CENTERS

Eclipse IDE

Eile Edit Source Refactor

[ Functional_Test

Navigate Search Project Run Window Help

?. Problems & Tasks B Console 2 [ Properties
CDT Build Console [Functional_Test]

NGB~ & ~Bin | S B ASE @ B0 O dG g B E [
[ Project Explarer 2 = O maincpp ¥ [€ 1553B fpga.cpp  [€ 1553B_fpgah  [€ Timer.cpp = B = Outline ® T Docum.. @BuildT.. B Tasklist = O
B&|e v 102 - BlER e % ~
4/ Functional_Test| 103=int U stdioh -
¢ Binaries 104 lzain(in't argc, char* argv[]) U stdlibh I
105 .
v @ Includes 106 register int *test asm("r12"); :I std.arg.h
» g sre 107 int test select = (int) test; 4 stringh
1 B2 system 108 int test_attribute = 6; o diag/Trace.h
& (= Debug 109 HAL_StatusTypeDef status = HAL 0K; & Timerh
I & include 116 char description[256]; 2 1553B gpio.h
I = ldscripts 111 ® 1553B_sdram.h =
112 // Mask off the test number and attributes from the value in R12 = 15538 sramh
113 test_attribute = test_select & 0x0000FF0Q; o 1553B7mtal aceh
114 test attribute = test attribute >> 8; -
115 test select - test select & Ox@OAQOOFF; ; ?553‘”“95‘;'
116 4 anonymous,
117 // Send a greeting to the trace device (skipped on Release). @ WAIT_IMS : Timer:ticks_t
118 ST_Micro_Printf("1553B Funtional Test Program Version 1.8\n"); ® WAIT_2MS : Timer:ticks_t L
119 ) . @ WAIT_20MS : Timer:ticks_t
‘1‘;? ﬁ /;\: EI:;; z;:g; the system clock should have already been configured ® WAIT_200MS : Timer:ticks 1
122 ST_Micro_Printf("System clock: %u Hz\n", SystemCoreClock); # SPARE_PIN_PORT_NUMBER
123 # SPARE_2_PIN_NUMBER
124 // Initialize Timer # SPARE_3_PIN_NUMBER
125 timer.start (); # SPARE_4_PIN_NUMBER
126 L . # SPARE_S_PIN_NUMBER
" i/ i;lilﬂﬁéi Fh?t?';m pins # SPARE_6_PIN_NUMBER
estSelec Jinit();
129 testSelect[1].init(); # SPAREJ_PIN.NUMBER
120 +octCalartl2T it s # OUTPUT_PIN
1 D # INPUT_PIN ad

LBl EE & B3y =0

*Invoking: Cross ARM GNU Print Size’
arm-none-eabi-size --format=berkeley "Functional Test.elf"
text data bss. dec hex filename
21019 164 1332 22515 57f3 Functional_Test.elf
'Finished building: Functional_Test.siz'

©99:51:13 Build Finished (took 1s5.378ms)
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