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HFC Rreprietary

AGENDA - HFC PROPOSED

HFC COMPANY

e SYSTEM TOPICS
— HFC-FPGA AND PREVIOUS TR/AMENDMENT COMMONALITY

e HARDWARE TOPICS RELATED TO DOCKET ITEMS

INTERNAL FPGA ARCHITECTURE, INITIALIZATION, AND DATA FLOW
F-LINK/G-LINK OPERATION DETAILS

Al CALIBRATION

WATCHDOG

e STATUS OF OPEN DISCUSSION ITEMS
— ITEMS WITH MORE INFORMATION REQUIRED
e |TEMS TO CONTINUE IN DISCUSSION
e ITEMS TO MOVE TO RAI STATUS
— AGREEMENT ON CLOSED STATUS ITEMS
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HFC PRreprietary

HFC-FPGA COMMONALITY WITH PREVIOUS TR

* NUCLEAR CONTROL MECHANICAL AND POWER IDENTICAL
— CABINETS/BACKPLANES/POWER/NETWORK EQUIPMENT ETC
I/O INTERFACE DESIGN —1/0O ARE BASED ON EXTENSIVE EXPERIENCE IN INDUSTRIAL CONTROL, REDUNDANT FPGA’S REPLACE MICROPROCESSORS
e HFC-FPGA SYSTEM WAS DEVELOPED UNDER LIFECYCLE PROCESS
e CQ4 CODE LIBRARY LEVERAGED IN CQ4 RTL DEVELOPMENT
— CQA4 VERILOG RTL DERIVED FROM C++ SOURCE
— DPI-C TEST BENCH USED TO CO-SIMULATE C++ AND VERILOG RTL TO VERIFY RTL FUNCTIONALITY
* TOOLS AND APPLICATION PROCESS — USE DRAWING DEFINED APPLICATION AS SOURCE FOR PROCESS CONTROL
— APPLICATION CODE DERIVED FROM SCHEMATIC DRAWINGS
e LOGEQU.V - VERILOG THAT DESCRIBES BOOLEAN LOGIC RELATIONSHIPS FROM THE APPLICATION
e SPI FLASH BINARY FILE — MEMORY INITIALIZATION FILES DERIVED FROM THE APPLICATION
— BLOCK VALUE MEMORY — STORAGE LOCATION FOR APPLICATION PROCESSING, F-LINK, TIMERS, TRANSFER TABLES
— BLOCK DATA MEMORY - CQ4 BLOCK SEQUENCE, OPTIONS FOR EACH CQ4 BLOCK
— TIMER INITIALIZATION VALUES
e COMMUNICATION INTERFACES

— F-LINK— MODIFIED C-LINK PROVIDES DETERMINISTIC COMMUNICATION BETWEEN CONTROLLER AND FPU IN AN FPGA NODE
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HFC Rreprietary

HFC-FPGA COMMONALITY WITH PREVIOUS TR

DPI-C = DIRECT PROGRAM INTERFACE — C OR C++

cQ4
CODE
LIBRARY

211 L7 V,"d HF Controls

CQ4 C++

CQ4 C++

DPI-CCO
SIMULATION

BLOCK FLOW

MATCH

CQ4 VERILOG

cQ4
VERILOG
RTL

MicroSemi
Libero

i CQ4 PROCESSOR

TRANSLATE

CQ4 C++

VERILOG CODE
RTL
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FCPU_CTRL_PFRM.cxz
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HFC-FPGA COMMONALITY WITH PREVIOUS TR

COMMON
AREA

FCPUX
CONTROLLERS IN
THE SAME REMOTE
PROGRAMMED
WITH IDENTICAL
FILES

[ Data / ] - e

Build
< Scripts

Application files PUBLISHED
LOGEQU.v PLATFORM
LOGEQU.h BLOCKS

OneStep Dir
SPI % 4
FLASH g QSFlash ~.bin BuildFlash
L S
N ﬁ ! !".bin
REMXX
~
CTRL MicroSemi A WF:\HSEO:;[)CZ‘ES(\:T
FPGA FlashPro P JEIBY \
REMXX-DIR
DIAG
FPGA

DOOSAN BTN

- MicroSemi FCPU_CTRL_PFRM.cxz
ok Libero FCPU_DIAG_PFRM.cxz
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APPLICATION TO PLATFORM INTERFACE - FCPUX

APPLICATION

LOGEQU.V
LOGEQU.H

CONTROL/DIAG FPGA

PLL

PLATFORM
GPPFXX

ANALOG CQ4
INPUT / OUTPUT
FLAGS /| MESSAGES DIGITAL OUTPUT CQ4
: DHA, DLA, DEA
DIGITAL INPUT / OUTPUT DI/DO
VECTORS
TIMER CONTROL / STATUS | —

PROC_LOGIC_TOP

101 L7 V,"d HF Controls
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FCPUX FPGA CORE ARCHITECTURE

RELEVANT TO: D-42

SPI SPI
_CONTROL FPGA FLASH F'LINK FLASH

DIAGNOSTIC FPGA

| REDUNDANT CORE
“Lm | | FOR EXECUTION INTEGRITY |
Ho B w | [ L VERIFICATION 21 |
I J | PLICATIC i
1

{

RIF

TPM] TWO PORT MEMORY l
G-LINK
DUAL PORT MEMORY
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HFC Rreprietary

FCPUX DETAILED MEMORY BLOCK DIAGRAM

RELEVANT TO: D-47

spl
FLASH
CONTROL FPGA : F-LINK DIAGNOSTIC FPGA
1
PLATFORM PLATFORM
Rl Ed
I/
)V
€Q4 BLK PROC Tiet €Q4 BLK PROC
RX.0 !
M
CQ4 BLKDPM r— rx-1] |o RX-1 CQ4 BLK DPM
RQ M <
ATA DPM.
EitTER xo/1| ) TX-0/1
—
FLINK IN FLINK IN
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FLINK OUT FLINK OUT W
TX MGMT
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- W}
(T — )
APPLICATION APPLICATION
] b —
PROCESSING PROCESSING
RIF CNTL RIF MON CNTL
1 o LRIF RX RIF RX (s
—>|  TIMERS = < > R J TIMERS  |e—-
)
BLKVAL DPM BLKVAL DPM
TWO PORT MEMORY G-LINK

DUAL PORT MEMORY
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HFC PRreprietary

HFC-FPGA SYSTEM STARTUP AND OPERATION

RELEVANT TO: D-47

GTX
RESET SW CPY
+ MAX823SEUK+T TOKEN ENGRUN EN
WD TIMEOUT,
!HWRESET ISYS RESET ITICL HOLD TICLEN FILTER EN
F-LINK
IN/OUT
* ACTIVE BLKS * ACTIVE BLKS * ACTIVE BLKS * ACTIVE BLKS
+ NONE «  PWRINIT + DIAGNOSTIC + DIAGNOSTIC
* ACTIVE PROCESS * CLKGEN * RQFILTER « RQFILTER
* NONE * ACTIVE PROCESS * TICK TIMERS * TICK TIMERS
* TRANSITION * SID CAPTURE * ACTIVE PROCESS * RIF
* HARDWARE *  PLLLOCK *« BASICDIAGS ¢ TICL - INITIALIZE
RESET * DELAY TIMERS * TICK TIMER *  G-LINK-WAIT
RELEASED * TRANSITION PULSES « BLKPROC- PROCESS
+  SYSTEM RESET * SPIFLASH WAIT TIMERS
RELEASED VERIFICATION « ACTIVE PROCESS
¢ INITIALIZATION ¢ F-LINK DELAY
OF MEMORIES * MONITOR RX F-
+ TRANSITION LINK DATA
¢ TICL HOLD *  RIF-INITIALIZE
RELEASED * TRANSITION
*  G-LINK READY * F-LINK DELAY
+ BLK PROC END
READY * RIFUP
PROCESS
RIF
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G-LINK CONTROL
COPIES DATA
FROM G-LINK
DPM TO G-LINK TX
BUFFER

RQ FILTER TXFR
INPUT/OUTPUT
DATA FROM/TO
RX/TX BUFFER
MEMORIES

IN DATATXFRTO

CALC SPACE

CQ4 BLK PROCESS
CALC SPACE TXFR

OUT DATA

DECACTIVE
TIMERS
MODIFY STATUS
AS REQUIRED

CHECK VOLTAGE
MONITORS
CHECK TX CRC
EXCHANGE SEQ
VALUES

TXFRTO

SECONDARY
PRIMARY CQ4
STATUS
PRIMARY
MS/FL/DO/
TIMERS
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HFC-FPGA FCPUX TOKEN ENGINE OPERATION

RELEVANT TO: D-47

2[00 7 V,"d HF Controls

P 6.8 MSEC >
@-R- wtCycle 0000 9000 s
B-R= rtCycle 3 ] ] 1)
~R= rtCycleInitFlag )
- ticlEn -
~ @ gTXCpyEn ] il B
- adioDiagEn o
* txMntEn 0 I | I
- @ plkProcEn o} 1] e ———
- filterkEn 0 [ 1 [ ] J—L——
- tiProcEn 0 [l M
- o redundEn 0
B-R= wiCycle ‘0000 0000
B-R= rtCycle 03 00 00 |00
- R= rtCycleInitFlag o)
- gTxCpyEn 1 from © 4 "
- @ adioDiagEn e
@ txXMtEn ] I I Il
- @ blkProcEn 0 - [ D
-# filterkn el [ [ 1 - -
- @ T1ProcEn 0 I_] ﬂ
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HFC-FPGA SYSTEM INITIALIZATON DURING BOOTUP

RELEVANT TO: D-47

SPI

spI
CONTROL FPGA bLASH F-LINK lily DIAGNOSTIC FPGA
PLATFORM PLATFORM
sPI sPI
I/F I\/F
CQ4 BLK PROC sidi Fict CQ4 BLK PROC
P RX-0! -0
LKDATA OB RQ [z | s & B o1 ] Foee - Ca4 BLKOPM
FILTER 1X-0/1 1X-0/1 FILTER
FLINK IN EE%] FLINK IN
= P fe—|
FLINK OUT FLINK OUT T
MGMT TX MGMT
ApPLICATION] FLINK RQ_HOLD RQ_HOLD FLINK APPLICATION
DI/DO/FL/MS/TIMER STAT PROCESS TRANSEER RQ_INITIAL TRANSFER PROCESS DI/DO/FL/MS/TIMER STAT
RQ_INITIAL
GLINK CTRL DIAG MTER . DU oLAVE GLINK CTRL
. e \ = | | eunk 1 TNEaY - cunk ||| » .
T (1o ] TRANSFER TR DPM TRANSFER ﬂ% RX-1
(TPM ] GLINK GLINK Bl
TX-0/1 = DPM DPM NG %0/
—_
APPLICATION APPLICATION
L | | a
"] Processing FOORESES ISYSRESET PROCESSING
RIF CNTL RIF MON CNTL
DPM RIF RX RIF RX DPM
=% TIMERS D RIF TX < RIF TX TIMERS  peeie
e
JBLKVAL DPM ‘ BLKVAL DPM
TWO PORT MEMORY G-LINK [ RQFILTER TABLES, BLKDATA (CQ4), AND BLKVAL DPM INITIAILIZED

DUAL PORT MEMORY [ INITIAL DIAGNOSTIC COMMUNICATION — HEARTBEAT ESTABLISHED
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HFC-FPGA SYSTEM OPERATION - SYSUP

RELEVANT TO: D-47

SPI

F-LINK i L':S” DIAGNOSTIC FPGA
SP1 T
CONTROL FPGA ““TS“ o soi (oo PLATFORM
= z IRWALY ML TOKEN \/F
PLATFORM ENGINE ENGINE
o 1|1 TICL €Q4 BLK PROC
I (3
CQ4BLK o €Q4 BLKDPM
DT 14 A
L TX-0/ FILTER
€Q4 BLKDPM RX-1 4
LKDATA DP
FILYER Jocon]) ﬁm‘_ FLINK IN
FLINK OUT
FLINK IN P X MGMT
FLINK OUT TICLEN TICLEN FLINK APPLICATION
X MGMT TRANSFER PROCESS
FLINK DIAGSLAVE
g P e GLINK CTRL
.> — M orm ] TRANSFER | | { ( o
3/ DIAG MASTER N\ s er()J() ;
GLINK ‘ | HPI —V~ (1M ] .
TRANSFER TICLEN TICLEN APPLICATION |
A PROCESSING
APPLICATION i RIF MON CNTLy
PROCESSING RIFRX (
P oPM TIMERS |-
V' RIFCNTL <
RX
| Timers il ) g | BukvALDPM)
| NSSSUSSS
BLKVAL DPM
l F-LINK/G-LINK TX/RX PROCESS
TWO PORT MEMORY

G-LINK ] D0IAGNOSTIC CHECKING PROCESS
- DUAL PORT MEMORY

] AppLICATION PROCESS

[ riFPrOCESS
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HFC Rreprietary

HFC-FPGA FCPUX CLOCK DOMAIN DIAGRAM

RELEVANT TO: D-41 FCPUX B
MULTI-CYCLE
FALSE PATH CONTROL FPGA DIAGNOSTIC FPGA
CTRL PLATFORM 7 DIAG PLATFORM
ASYNCH SOURCE
MAX DELAY SYNCH
oo 100 US
TICK 2
[ A = A
. A\ -
-link! A A s
12.5 MHz RX DOMA
4 phase DA
A
CLOCK
25 MHz ‘
Giscillisbor | CONDITIONING
CIRCUITRY
3
SPI SPI
FLASH FLASH

(1[0 e L7 V,"d  HF Controls
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HFC Rreprietary

STATION ID VS SLOT - DS901-001-91 FIGURE 4

RELEVANT TO: D-25
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F-LINK CYCLE - DS001-007-01 FIG 13

RELEVANT TO: D-13, D-16, D-53

DOOSAN
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ANALOG INPUT CALIBRATION

RELEVANT TO: D-36

7.5V CAL
HIGH CONTROL AND
PRECISION DIAGNOSTIC FPGA
VOLTAGE CALIBRATION/INPUT
REFERENCE SOURCE ENABLES
2.5V CAL
HIGH PRECISION .
VOLTAGE 9 5<
s
<
+ SIGNAL
CONDITIONING
ANALOG
CHANNEL FILTERING 4
INPUT A
_ ~ ADC
I i, N
2.5V CAL LOW
HIGH-PRECISION
VOLTAGE REFERENCE

16
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HFC ADC Al GAIN AND OFFSET CORRECTION ALGORITHM

RELEVANT TO: D-36

ACTUAL RESPONSE

! HIGH
WITH AI_OFFSET ! i
REMOVED RAW
IDEAL RESPONSE AI_GAIN = HIGH CAL RAW -
' AI_OFFSET
1
]
ACTUAL RESPONSE :
1
i I AC- INPUT SIGNAL
! " CORRECTION
) I =ACTUALRESP * Al_GAIN
i : FULL SCALE VALUE
: i
1 1
1 1
Al_OFFSET — i i
]
: |
1 ]
INPUT '
0mA SIGNAL
20 mA

OUTPUT VALUE = ACTUAL RESPONSE - Al_OFFSET + AC
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HFC-FPGA WATCHDOG MECHANISMS - UPDATE TR FIG 4, 6

RELEVANT TO: D-13

F-LINK (FPU/FCPU DATA)

{L
RESET
SWITCH
CONTROL FPGA ! DIAGNOSTIC FPGA
RESET
GENERATOR
—  WDI ¢ 10USECTIK_{ TicKTIME |¢— PLL |e—— TCXO |
ponE | TOKEN | TOKEN | pone
ciite | ENGINE | ENGINE | B
N HWRESET EN
PROC DIAG EN l < »> lDIAG EN PROC
DIAG | HPI | plae
< I MASTER| HEARTBEAT SLAVE . ' 5

APP SEQUENCE APP

PROC APPLICATION VAI;:IES APPLICATION PROC

WD W PROCESSING MESSAGE PROCESSING _ly WD

TIMEOUT = SYNCHRONIZATION TIMEQUT =
100 MSEC 100 MSEC
[] Fcpu AND FcPUX ONLY
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HFC-FPGA WATCHDOG DETAIL

HFC Rreprietary

RELEVANT TO: D-6, D-11

DIAG/CONTROL
FPGA RESET
INPUTS

PCB GROUND

RESET SWITCH
MOMENTARY
CONTACT

(201 L7V ,"d HF Controls

* RESET ACTIVE FOR 140ms MIN AFTER

POWER ON (VCC > 2.93V TYP) OR WDI TIMEQUT

MAX823SEUK+T

E3

+« AAAA__ RESET |1 5 | Vee

MAXIMN
MAX823

MR | 3 4 | WDI

SOT23/SC70

© Copyright by DOOSAN HF Controls Corp. 2019
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CONTROL
FPGA
3.3V

FROM
DIAGNOSTIC
FPGA OUTPUT

WDI INPUT MUST
BE STROBED EVERY
1.6 SEC OR TIMEOUT

ASSERTS RESET TO

FPGA DEVICES
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QUESTIONS/COMMENTS/ACTIONS

e QUESTIONS
1. X
COMMENTS
1. X
ACTIONS
1. X
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