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The Bottleneck

* Challenge: Limited e-links on |pGBT to drive
multiple EIC-LASs
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AncBrain: Key Functionalities

Core Operations Inside AncBrain

Internal Sub- s Communication
Module Control % % Bridging
: h System Stability
Broadc(:;ast Slgpal I|||I k @ and Error
eneration :
v Handling
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Communication Interface

Talking to the world: M.qé'_comg:ﬁ T dngljc;atlon

o |pGBT Interface:

o Serial, Global Clock Synchronized

o SC_in, SC _out

o Protocol: Start/End Frame, Address, Data Type, Payload, CRC
o Las Interface:

o Dedicated serial, 5 Mbps

o Manchester encoding for reliability

o LAS Protocol
o GCLKInterface:

o Routing Global Clock (SCL) to LAS
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Interface Protocol Format

) «——Communication

Transaction Breakdown = Bridge
Table 1: Overall Transaction Structire

Field Name Width (bits) Description

Start of Frame 5 El'edeﬁl}ed ..b]t ) pattern to signal the beginning of a
transaction("01")
] [dentifies the target ANC module within the daisy chain
Module Address 3 (0-3): 000: Global Reset: 111: Global Sync
Data Tvpe 5 00: Internal, 01: LAS Service Management, 10: LAS
P Core Management, 11: Reserved

40-bit Data Frame 40 Table 2 for details based on Data Type
Frame Checksum 16 CRC-16 for error detection
(CRC)
End of Frame ’ ?.lgiif)ﬁmd bit pattern to signal the end of a transaction
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Interface Protocol Format

Payload Interpretation
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Table 2: 40-bit Data Frame Formats

Field ID Field Name Width Description
Internal Submodule 4 Identifies the target sub-module within AncASIC(0-15
Identifier possible)
R/W 2 Transaction type: Write or Read
Register 8 Register address within the target sub-module
Address
Control/Data 4 Sub-module control data or internal signaling
Parity 1 Transaction parity bit
Stop 1 Internal signaling (or reserved)
Unused 20 Reserved for future use
LAS(Servic | HDR 4 Fixed value (4'hA) indicating start of transaction
e/Core R/W 2 0: WRITE_posted, 1: WRITE_non-posted, 2: READ
Mgmt) EP_ADDR 8 Endpoint address
REG_ADDR 8 Register address within the LAS module
REG_DATA 16 Register write or read data

PIC]
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Broadcast Signal Generation

Broadcast Signal
Synchronization and Efficiency Generation

o Dedicated Bit in "Module Address": Broadcast signal indicator.
o Digital Delay Line: Fine-grained timing adjustment.
o Broadcast ldentification Patterns:

o 000: Global Reset

o 111: GlobalSync

o 001-100: Module Addresses

o Broadcast Detection: Address Comparator triggers broadcast_command signal.
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Error Handling & Protection
b+ System Stability &
_ .
Temperature Monitoring and Error Hand“ng
4 Protection System
i—- Temperature Sensor

Timer Operation -1:

r - Critical Temperature Threshold

. . . |
et Reset Requirement =a \__ Over-Temperature Response

Actions

- Recovery Mechanisms

i—- Automatic Recovery

Timeout Condition --'

Error Detection Mechanisms ~
]

Transmission Error Checks -- s
]

Protocol Violation Checks - Erro'r r- System Reset
| Handling |
Response Timeouts --E and E—- IpGBT Controlled Recovery

Protection
Block

| |
| |
Centralized Error Handling Block - e ﬂ

Sub-module Error Monitoring - -’ ‘<. Safe State Transition

Error Flag Aggregation - - Header

Error Code and Source - Error Code

Determination

—m—qm—— -

~- Error Source

Error Response Generation --
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Sub-Module Control

Sub-Module —— ﬁ@

Managing NBVG & SLDO:
Control

o Negative Bisa Voltage Generator (NBVG):

Table 3: Negative Bias Voltage Generator (NBVG)

H Register Name Address Bit Field Description
o Bias Voltage Generator ton__
g NBVG CTRL 0x00 70 Output Voltage Setting (unsigned 8-

bit value)

1 I Operating Mode: (00: Continuous,
© Conflgurable B|aS level 0x01 1-0 01: Pulsed, 10: Standby, 11:

NBVG MODE

Reserved)

o Dedicated Registers

7-2

Reserved

0x02

0

Overcurrent Flag (1: Overcurrent)

NBVG_STATUS

1

Over-Temperature Flag (1: Over-
temperature)

7-2

Reserved

o ShuntLDO (SLDO):

Table 4: Shunt LDOs (assuming 4)
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o Stable and regulated output voltage
o Configurable Bits

o Dedicated Registers

ePig)

Register Name

Address

Bit Field

Description

SLDOx_CTRL

0x10 + (x-1)*4

5-0

Output Current Setting (unsigned
6-bitvalue)

6

Enable (1: Enabled, 0: Disabled)

Reserved

SLDOx_STATUS

Ox11 + (x-1)*4

Overcurrent Flag (1: Overcurrent)

7
0
1

Out-of-Regulation Flag (1: Out-
of-regulation)

7-2

Reserved




Design Verification — digital twin

Software Mock-up
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Sub-Module Control

Sub-Mod ule—»hﬁ

Control

Internal Module Config (Register Read)

--- RBunning Command Decoding Tests ---
[TEST] Starting Command Decoding Tests

[TEST] Test 1: Read from Register File

[TEST] Sending read conmand: submodule=REG_FILE. adde=0:x05, paritgr 1

[TE Monitor] Time=1435000: Command walid in asserted, cmd='{sof:'hl, module address: 'h2, data type:'h0, paylozad:'he814200000, crc:'hsbcd, eof:'hl}

[SCOREEOARD] FEG_READ: [Mod:Z2][Sub:6] [Addr:0x05] =» 0x00

[SCOREBOARD] Added expected response for command type 0 at time 1435000

[SCOREBOARD] Added expected response for command: modole=0xZ2, type=0
1445000: [TE] F5M State change: ST _IDLE AncBrailn -» ST RECEIVE _HEADER
1445000 [DEBUG] FSM State change: ST IDLE _ancErain -» ST RECEIVE _HEADER
1455000: [TE] FsM State change: ST | RECEIVE I'IEP:DER -r 5T EDDRESS CHECK
1455000: [DEBUG] FSM State change: ST | RECEIVE _HEATIER -»> ST . ADDEESS CHECE
1465000: [TE] F5M State change: ST . ATDRESS DHEEK - 8T_] DECTODE DP:TPL
1465000: [DEBUG] FSM State change: ST BDDRESS CHECE. -» ST . DECODE _DATA

1475000 [TE] FS5M State change: ST DECODE DE&TP: - BT ] BROCESS INT
1475000 [DEBUG] FSM State change: ST DECODE _DATE -» 5T PROCESS_INT *+*%+ SCOREBOARD RESULTS *+++
1475000 Register Read: submodule=SUBID REG FILE, =addr=Ux05, data=0xz00 Fass count - ER
1485000 [TE] FSM State change: ST PROCESS INT -3» ST SEND_RESPONSE i1 .0
1485000: [DUT DEEUG] Generating response for command type 0 Fai count :
1435000 [DUT DEEUG] Cenerating response for command type 0, payload=0x0000000000 UI'I.E-'.'.“.'_FIE!I:tE-'Ij. -0
1485000 [DEBUG] FSM State change: ST PROCESS_INT -» ST _SEND_RESPONSE
[TE] Time=1485000: Response received from DUT: payload=0x0000000000 Total checked : 58
14895000 [TB] FSM State changs: ST SEND _EESPONSE -» ST IDLE AncErain Fass rate . 1|:||:| DD%

[TB Monitor] Time=1495000: Response walid out asserted: payload=0x0000000000
[TE Monitor] Time=1495000: DUT. walid_resp_req asserted
[SCOREBOARD] Time=1495000: Receiwved response: payload=0:x0000000000, status=0x0
[SCOREBOARD] Response Check at time 1435000

Command type: 0

Expected: payload=0x0000000000, status=0x]

Actual  : payload=0=x0000000000, status=0x0
[INFO] [SCORE] PASS: Response matches expected walue at time 1495000
[MONITOR] Time=1495000: Response payload=0000000000, CRC=E5abz
[INFO] [RESP] Time=1485000: Response wvalid_out asserted: payload=0=0000000000

14895000 [DEBUG] FSM State c:ha.nge ST SEND_EESPONSE -» 5T IDLE_&ncBHrain

[TEST] Receiwed read response: payload=0x0000000000

k? Brookhaven 7
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Sub-Module Control

Sub-Mod ule—»dﬁﬁ

Control

Internal Module Config (Register Write)

[TEST] Test 2: Jfrite to Register File
[TEST] Sending write command: submodule=REG FILE, =addr=0x20, data=0xE, parcity=0

[INFO] [REG] REG WRITE: [Mod:2][Sub 6] [addc:0x20] = 0x05 (Req File Addr 0Ox20)
[SCOREEOARD] REG_WRITE: [Mod:Z2]([Sub:&][&ddc:0x20] = Ox05
[SCOREBOARD] Added expected response for command type 0 at time 1615000
[SCOREBOARD] Added expected response for command: module=0x2, type=0
1RZE000: [TE] F5M State change: ST IDLE AncErain - ST RECEIVE_HEAUER
1RZE000: [DEEUG] FSM State change: ST IDLE AncErain -» ST RECEIVE HEADER
1635000: [TB] FSM State change: ST EECEIVE_HEADER - 5T ADDRESS CHECK
1635000: [DEBUG] FSM State change: ST ] RECEIVE _HEADER -» 5T ANDRESS CHECK
1645000 [TE] FSM State change: ST . BDDRESS CHECE -3 5T ] DECOLE DhTH
1645000: [DEBUG] FSM State change: ST ADOEESS CHECE -» 5T ] DECOLE _DATH
1655000 [TE] FSM State change: ST DECODE DET& -» 5T | PROCESS INT
1655000: [TB] Regilster Wrike: submodule=SUBID _REG FILE, addr=0x20, data=0x05
1655000: [DEBUG] FSM State change: ST DECODE DﬁTﬂ -» 5T PROCESS_INT
1A55000: Register Write: submodnles=SUBID REG FILE, addr=0x20, data=0x05
1REE000: [TE] F5M State change: ST PROCESS INT -» ST SEND_RESPONSE
1665000 [DUT DEBUG] Generating response for command type O
1665000: [ODUT DEEUG] Generating response for command type 0, payload=0x0000000001
1665000: [DEBUG] FSM State change: 5T PROCESS INT -» 5T SEND RESPONSE
[TE] Time=16E5000: Response received from OUT: payload=0x0000000001
1675000: [TE] FSM State change: ST SEND RESPONSE -» ST IDLE AncBraln
[TE Monitor] Time=1675000: Response walid out asserted: payload=0x0000000001
[TE Monitor] Time=1A75000: DUT walid resp req asserted
[SCOREBOARD] Time=16TE000: Received response: payload=0:0000000001, status=0x0
[SCOREBOARD] Response Check at time 1675000
Commznd type: 0O
Expected: payload=0x0000000001, status=0x0
Aotual o payload=0x0000000001, status=0x0
[INFO] [SCORE] PASS: Response mabches expected walue at time 1675000
[MONITOR] Time=1675000: Response payload=0000000001, CRGC=5a5a
[INFO] [RESP] Time=16TE000: Response walid out asserted: payload=0x0000000001
1675000: [DEBUG] FSM State Change ST SEWD_RESPONSE -» ST IDLE AncBrain
[TEST] Received write response: payload=0x0000000001

k? Brookhaven 7
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[TE Monitor] Time=1615000: Command valid_in asserted, cmd='{sof:'hl, module_address:'h2, data_twpe:'h0, payload:'hed81400000, crc:'habed, eof:'hl}

WRITE TEST SUMMARTY

Patterns sent: 25
Fatterns werified: E5
Test result: PASSED

Simple Improwved Register Test Complete

=== Dumping Register Database After Write Tests ===

=== REGISTER DATAEBASE DUMP ===
Time: 6185000
[Module: 2] [MEVG] [O0x=00000000] = 0x0f (writes:d4, last_access:1315000)

[Module: 2] [SLDOO] [0x00000000] = O0x0f (writes:d, last access:2335000)
[Module: 2] [SLDO1) [0x00000000] = 0x0e (writes:3, last access: 28450000
[Module: 2] [SLOOZ] [0x00000000] = Ox0d (writes:3, last access:3355000)
[Module: 2] [SLOO3] [0x00000000] = O0x=0f (writes:3, last access:3865000)0
[Module: 2] [DELAT] [0x00000000] = Ox0f (writes:3, last access: 4375000)

[Module: 2] [TEMP_SENSOR] [O0x=00000000] = 0x0f (writes: I last access:4885000)
Total initialized registers: 32
=== ENDl DATABASE DUMP ===
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LAS Inte I‘face ? +«——Communication
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LAS Emulator

LAS: Non-Posted Service Management (Write)

[Time 145000]

Time
[Time
Time
Time
Time
[Time
Time
Time
Time
[Time
Time

Time
[Time
Time
Time
Time
[Time
Time
Time
Time
[Time

rmoo o

215000]
245000]
245000]
245000]
ZEE000]
255000]
255000]
255000]
ZEE000]
2e5000]
265000]

365000]
3e5000]
375000]
375000]
375000]
375000]
385000]
3g5000]
285000]
385000]

Anrann

322250007
32E05000]
326E5000]
32625000]
326350007
326350007
32635000]
330250007
332850007

[TEST] Starting Manchester test: Test Case 1. Mon-posted Write (Service, Manchester Mode)
MANCH CMO] HOR:=, RW:00, EP_ADDR:10, REG_ADDR:Z0, REG_DATA:1234, PARITY:1, STOP:1
MANCH ENCODED] 01100110 10100101 10101001 10101010 10100110 10101010 10101001 10100110 10100101 10011010

[SLOW_CLE] Rising edge detected (Edge 1)

[TEST] Asserting manch_walid to trigger commend capture
[DEEUG] Manchester command wvalid detected

[LaS] Manchester command received and decoded

[STATE] Transition: IDLE - PROCESS

[STATE] PROCESS: Processing command.

[MONITOR] Service Write: Reg 0x20 vpdated to roowm
[RECW] Command: HOR=a, EW=00, EP=10, REG=20, DATA=1234
[PROC] Won-posted write to reg Ox20: Ox1Z234

[STATE] Transition: PROCESS -» DELP:YI

[STATE] DELAY: Delaying hefore response

EXPECT] Nor-posted Write: Expect response (ACK) and register wpdate

[WAIT] Waiting for response completion. .. (Timeout = 3650 cycles)
[RESP] Response ready, transmitting on Service channel

[STATE] Transition: DELAY -> RESPOND

[STATE] RESPOND: Transmitting 80-bit response

[RESP] Starting response with preamble on SERVICE channel

[RESF] Starting response transmission, setting walid rx=1

[RESP] Response transmission started on Service channel

[RESP] Starting response with preamble on SEEVICE channel

[RESP] Starting response transmission, setting walid rx=1

[RESF] Starting response with preamble on SERVICE channel

FAmE™l Ao LD D oo ol e oo Mo il ool JRFRINERRD . BRI

[RESP] Tramsmitted hit 80: 0

[WAIT] Still waiting. .. (321373650 cycles)

[RESP] Transmitting bit 81 of 80 on Service channel

[RESP] Response transmission complete, setting response_complete=1

[STATE| Transition: EESPOND -: IDLE

[STATE] IDLE: Ready for Manchester command.

[RESP] EResponse complete detected

[FESP] Transmitting bit 81 of 80 on Service channel

[TEST] Completed Manchester test: Test Case 1: Non-posted Write (Service, Manchester Mode)

©

Brookhaven %
National Laboratory -

[Time

<«—Communication
Bridge
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LAS: Posted Core Management (Write)

201085000]

[TEST] Starting Manchester test: Test Case 5: Manchester Posted Write (Core)

[MANCH CMD] HDR:7, RW:01, EP_ADNDR:80, REG_ADDR:35, REG_DATA:def0, PARITY:1, STOP:1
[MANCH ENCODED] 10010101 10010101 01101010 10101010 10100101 10011001 01011001 01010110 01010101 10101010

[Time
[Time
[Time
[Time

[Time
[Time
[Time
[Time
[Time
[Time
[Time

201185000]
201185000]
z01185000]
z01195000]

[TEST] Asserting manch walid to trigger command capture
[DEEUG] Manchester command walid detected

[L&S] Manchester command received and decoded

[RESP] Response transmission completed

Duration: 33070000, charnnel: Service

201195000]
201195000]
201195000]
201195000]
201195000]
z01205000]
z01205000]

[STATE] Transition: IDLE -: PROCESS

[STATE] PROCESS: Processing command.

[MONITOR] Core Write: Reg 0x35 updated to oo

[RECY¥] Command: HDORE=T7, RW=01, EP=820, REG=35, DATA=defl
[PROG] Posted write to reg Ox35: Oxdef0

[STATE] Transition: PROCESS -» IDLE

[STATE] IDLE: Ready for Manchester command.

[EXPECT] Posted Write: Mo response expected; only register update.

[Time
[Time

201305000]
202405000]

[INFO] Posted write i1ssued; no response expected
[TEST] Completed Manchester test: Test Case 8: Manchester Posted Write (Core)

Test Summary

====s=scs=====scs=== TESTING COMPLETE ===s=s=s=s==========
[Time Z02605000] [SUMMARY] Simulation finished.

ST SUMMARY
Total Tests Run: 8
Passed:
Failed: ]
Success Rake: |[ == == =] 100.0% (8/8)
============== DETAILED TEST RESULTS =================
Test 1: Non-posted Write (Service) : PRSS
Test 2: Read Operation (Service) : PRSS
Test 3: Posted Write (Core) : PRSS
Test 4: Read Operation (Core) : PRSS
Test 5: Inwalid Parity Error Injection : PASS
Test 6: Slow Clock Timing Verification : PASS

TEST RESULT: PASS - All tests completed successfully!

============= REGISTER FILE CONTENTS ==============
Service EP 0x10, Reg OxZ20: Ox1234

Service EP 0Ox10, Reg 0Ox25: Oxabcd

Core EP OxB0, Req 0x30: OxGe72

Core EP 0xB0, Req 0x35: Oxdef0

Simulation complete wia $finish(l) at time 202805 NS + 0 14
Cfrtlfverification/th_las_physical emulator. sv.430 sfinish;
xoceliume



LAS Communication

[DRIVER] ============ LAS Service Non-Posted WRITE Test == . .
[ORIVER]| Test registration requested: LAS Service non-posted WRITE operation C mm t
[DRIVER] Starting LAS Service Mon-Posted WRITE Test at time 855000 G— O unlca |On
[DRIVER] Creating non-posted WRITE transaction to EP=0x1Z, Reg=0x34, Data=0x5678
[ORIVER DEEUG] LAS frame fields hefore packing: h .
hdr=lxa (4 bits) Br|dge
cw=0x00 {2 bits)
ep_addr=0x12 (8 hits)
req_addr=0x34 (8 bits)
req_data=0x5678 (16 bits)
parity=1 (1 hit
stop=1 (1 hit)
ORIVER DEEUG] Packed payload using las_pkg: Oxa048d415%e3
ORIVER]| Non-posted WRITE transactilon prepared payload=0xa048d159e3
ORIVER] Sending non-posted WRITE command to D
TE] Registered test with scoreboard: Las Serv1ce non-posted WRITE operation
Time=865000: [FSM_DEEUG] ST IDLE -: ST _RECEIVE_HEADER (new command, will be buffered)
875000 [INFO|LAS | [SCOREEOARD] LAS Command: WREITE (non-posted) on SERVICE channel
SCOREBOARD | LAS COMMAND DETAILS: hdr=Oxa, rw=0x00. ep_addr=0x1Z2, req_addr=0x34, data=0x5678
SCOREBOARD | LAS WRITE: [Type: SEV][EP:0xl1Z] [Reg:0x34] = 0x5678 (RW=00 non-posted)
SCOREBOARD] Expected response payload: Oxal48d400005
SCOREBOARD] DEEUG: Final predict response result: resp_type=1, response_data=0Oxa048d400005
Time=275000: [FSM_DEBUG] Command buffered: data type=0xl, 1s_hroadcast=0
ORIVER]| Monitoring LAS interface for command forwarding. ..
ORIVER]| Verifying Manchester encoding and EMHz timing. ..
ORIVER]| Waiting for LAS response generation. ..
ORIVER]| Waiting for AncBrain to forward response back to control room.
885000: [TE] FSM State change: ST IDLE_&ncBrain -» ST ] RECEIVE _HEADER
885000 [DEBUG] FSM State change: ST IOLE _&ncBrain - "ST RECEIVE_HEADER
Time=885000: [FSM_DEEUG] ST ADDRESS CHECK -3» ST DECODE DBTB (huffer_: wvalid=1, data _type=0x1)
395000 [TB] FsM State chanige : ST RECEIVE _HEATER -» ST _ANDRESS_CHECK
895000 [DEEBUG] FSM State change: ST ] RECEIVE_HEADER -3 ST BDDRESS CHECE
Time=895000: [FSM_LEEUG] ST DECODE_DATA -» ST ] PROCESS _L&aS (data type= 1)
905000 [TB] FSM State change : ST ADDRESS_CHECK - ST DECODE_DATE
905000 [DEBUG] FSM State change: ST AODRESS_CHECE -3 ST ] DECODE _DATA
915000: [TE] FSM State change: ST ] DECODE DBTB -» 5T ] PROCESS _Las
915000 [DUT DEEUG] Clearing LAS response latch
915000: [DEEUG] FSM State change: ST DECODE_DATA -» ST PROCESS_LAS
925000: [TE] FSM State change: ST ] PROCESS LPAS -y 8T WPAIT Las RESP
Q25000: [DEBUG] FSM State change: ST PROCESS_L&S -» ST WAIT Las _RESE
935000 [INFO|LAS |LAS_CTRL] Starting Manchester encodlng TSERVICE channel)
045000 TLAS MANCH ENC] Starting to encode latched data: Oxal48d4159e3
945000: [LAS MANCH ENC] Manchester encoding in progress
945000 : [INFO|LAS |LAS_CTREL] Starting Manchester encoding (SERVICE channel)
Q55000: [LAS MANCH ENC] Encoding complete: OxbGaafababfaf996956a5
[Time 975000] [LAS EMUL] Manchester commsnd walid detected (rising edge)
985000 [INFO|LAS |LAS_CTRL] Transmitting frame: Oxal428d15%:3, Encoded: Oxcd5534d4b35332dEadda
[Time 995000] [RECV: LAS EMUL] Command: HDR=a, EW=00, EP=1Z2, REG=34, DATA=5678
[Time 995000] [LAS EMUL WRITE| Non-posted write success, returning code Ox0001
[Time 995000] [LA&S EMUL] NON-POSTED WRITE detected, preparing response, storing data=0xGeT2
2575000 [INFO|LAS |LAS_CTEL] Transmission complete, walting for response for non-posted write or READ operation
[Time Z2585000] [LAS EMUL DEEUG] Response frame details:
- Header: a
- RW: uli]
- EP Addr: 12
- Reg Addr: 34
- Reg Data: 0001
- Parity: 1]
- Stop: 1
- 40-hit packed: a048d400005
- 80-bit Manc:hester (calculated for TH) : 6baalababY%azazazalld

¢ Brookhaven /
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LAS Communication

[Time 2585000] [RESP: LAS EMUL] Respnnse‘ ready (nsing 8-half-bit preamhle 10011001), delaying 10 cycles before transmit on Service channel
Z585000: [INFO|LAS |LAS_CTEL] Waiting for response, service channel=1

. .
[Time 2685000] [RESP: LAS EMUL] Delay complete, starting response on Service channel _ OI I ll I lunl Catlon
[Time 2705000] [RESP: LAS EMUL] Starting response transmission (88 half-hits inc. preamble), walid rx=1 C

2745000 [LAS EMUL RESP] Preamble half-hit 1 -» 1 (on rising edge)

Z7EE000: [INFO|LAS |LAS_CTEL] Service EX transition detected: 0 -» 1 h .

2815000: [INFO|LAS |LAS CTEL] Debounce complete. Captured first preamble half-bit: 1. Entering SYNC for 7 more half-bits Brld e
2835000 [INFO|LAS |LAS_CTEL] SYNC state: processing 7 more preamble half-bits.

2845000 [LAS EMUL RESP] Preamble half-hit 2 -3 0 (on falling edge)
2885000: [INFO|LAS |LAS_CTEL] Sampled half-bit 0, Next Preamble huffer state: 01000000, run_in counter (before dec): 7
2045000: [LAS EMUL RESP] Preamble half-hit 3 -» 0 (on rising edge)
2095000: [INFO|LAS |LAS CTRL] Sampled half-bit 0, Next Preamble buffer state: 00100000, run in counter (before dec): 6
3045000 [LAS EMUL RESP] Preamble half-hit 4 -» 1 (on falling edge)
3095000 [INFO|LAS |LAS_CTEL] Sampled half-bit 1, Next Preamble buffer state: 10010000, run_in counter (before dec): 5
3145000: [LAS EMUL RESP]| Preamble half-bhit 5 -» 1 {on rising edge)
3185000: [INFO|LAS |LAS_CTEL] Sampled half-bit 1, Next Preamble huffer state: 11001000, run_in counter (before dec): 4
3245000 [LAS EMUL RESP] Preamble half-hit 6 -» 0 (on falling edge)
3285000 [INFO|LAS |LAS_CTEL] Sampled half-bit 0, Next Preamble buffer state: 01100100, run_in counter (before dec): 3
3345000 [LAS EMUL RESP] Preamble half-hit 7 -» 0 (on rising edge)
3305000: [INFO|LAS |LAS CTRL] Sampled half-bit 0, Next Preamble buffer state: 00110010, run in counter (before dec): 2
3445000 [LAS EMUL RESP] Preamble half-hit 8 -» 1 (on falling edge)
3495000 [INFO|LAS |LAS_CTEL] Sampled half-bit 1, Next Preamble buffer state: 10011001, run_in counter (before dec): 1
3495000 : [INFO|LAS |LAS CTEL] Preamble processing complete (MATCH: 10011001). Moving to REECEIVE state. Next edge will sample first half.
3515000: [INFO|LAS |LAS_CTEL] Begirning Manchester reception in_bit counter=40, manch_bit_phase=0)
3545000 [LAS EMUL RESP] Data half-hit 1 fowerall 9) -» 0 (on rising edge)
3645000: [LAS EMUL RESP] Data half-hit 2 {overall 10} -» 1 i{on falling edge)
3745000 [LAS EMUL RESP] Data half-hit 3 {owerall 11) -> 1 {on rising edge)
3845000 [LAS EMUL RESP] Data half-bit 4 ({owerall 12) -»> 0 {on falling edge)
3945000: [LAS EMUL RESP] Data half-hit § {owerall 13) -» 0 {on rising edge)
4545000 [LAS EMUL RESP] Data half-hit 11 (owerall 1) -»> 1 (on rising edge)
E5545000: [LAS EMUL RESP] Data half-hit 21 (owerall 29) -» 1 (on rising edge)
6545000 [LAS EMUL RESP] Data half-bhit 31 (owerall 39) -> 1 {on rising edge)
7545000: [LAS EMUL RESP] Data half-hit 41 (owerall 49) -» 1 (on rising edge)
8545000 [LAS EMUL RESP] Data half-bhit 51 (owerall 59) -» 1 {on rising edge)
O545000: [LAS EMUL RESP] Data half-bhit &1 (owerall €0) -> 1 {on rising edge)
10545000 [LAS EMUL RESP] Data half-hit 71 {owerall 79) -»> 1 {on rising edge)
11045000: [LAS EMUL RESP] Data half-bit T6 (owverall 84) -3 ton falling edge)
11145000: [LAS EMUL RESP] Data half-bit 77 {owerall 85] -» fon rising edge)
)
)

11245000: [LAS EMUL BESP] Data half-bit T8 {owerall Be) -» ton falling edge)

11345000: [LAS EMUL RESP] Data half-bit T9 {owverall B7) -» fon rising edge)

11445000: [LAS EMUL RESP] Data half-bit 80 (owerall 88) - on falling edge)

11495000: [INFO|LAS |LAS_CTRL] Reception of 40 hits complete (m_bit counter was 1), moving to validation state
11505000 [LES MANCH DEC] Starting to decode 80- bit Manchester data: Dx@faalafaSlazazaaazalld
11515000 [INF0|LAS |LAS CTRL] Unpacked response frame {current oycle) -

E=T=T e

11515000: [INFO|LAS |LAS_CTRL] - Header: a

11615000 [INFO|LAS |LAS_GTRL] - EW: on

11515000: [INFO|LAS |LAS_CTRL] - EP Addc 12

11515000: [INFO|LAS |LAS_CTRL] - Reg Addr: 34

11515000 [INFO|LAS |LAS GTRL] - Eeq Data: 0001

11515000: [INFO|LAS |LAS_CTRL] - Parity: 0 {erpected 0 in frame)
11E15000: [INFO|LAS |LAS_CTREL] - Stop:

11515000: [INFO|LAS |LAS CTRL] Parity check result f{current cycle):
11515000: [INFO|LAS |LAS_CTRL] Response walidated (decode OK, parity UK) Moving to HOLD_VALID
11515000: [INFO|LAS |LAS CTRL] Validating received response data (end of state changed block for MANCH VALIDATE)
Time=11515000: [anc_fsm] LAS response received in ST WAIT LAS RESP state, transitioning to ST _PACK_LAS_RESP
[TE LAS Monitor] LAS signals: walid_tx=x, walid_rx= 1~
11525000 [LAS MABNCH DEG] Decoding successful Decoded data: 0xa048400005
11525000: [DUT DEEUG] Latching LAS response daka: Oxal48d400005
Time=11525000: [anc_fsm] Packing LAS response, transitioning to ST SEND_RESPONSE
11535000: [TB] FSM State change: ST WAIT LAS RESP -»
[TE LAS Monitor] LAS signals: walid tx=x, walid_rx=1
11535000: [INFO|LAS |LAS_CTRL] Holding valid rx for 9 cycles
RESP_GEN] ===== 65-EIT RESPONSE GENERATION ==
11535000: [RESP_GEN] LAS NON-POSTED WRITE response: payload=Oxa042d00005
11535000 [RESP GEN] Building 65-hit 1pGET response frame:
11535000 [RESP_GEN]  SOF=0x0
11535000 [RESP GEN] Source Module=0x0
11535000 [RESP GEN] Data Type=0x0 { LAS SEV)
11535000: [RESP_GEN]  Response Type=0x0 (RESP_DATA)
11535000 [RESP_GEN] Source Info=0x0
11535000 [RESP GEN]  Status Code=0x00 (SUCCESS)
11535000: [RESP_GEN]  Eesponse Data=0x0000000000
11535000 [RESP GEN]  Parity=0
11535000 [RESP_GEN]  EOF=0x0
11535000 [RESP_GEN] response_valid asserted
11535000 [RESP_GEN]
11535000 [DEBUG] FSM State change: ST_WAIT LAS RESP -> ST PACK_LAS_RESP
11545000 TB] FSM State change: -» 5T SEND_RESPONSE
[TE LAS Monitor] LAS signals: walid tx=x, walid rx=1
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LAS Communication

<«——Communication
Bridge

Bs
[SCOREBOARD] Time=115E5000: Received response: payload=0Oxa042d400005, status=0=x00
[SCOREBOARD] Mon-internal command, using FIFO
11EEE000: [INFO|SCOR
11EE5000: [INFO|SCOR] Test: LhS_SRV NON_POSTED WRITE

11555000 [INFO|SCOR|SCOEEEQOARD] Frame structure werification: PASS

11555000; [INFO|SCOR] Frame detaills:
11555000 [INFO|SCOR]  S0F=0xl, Source=0xZ, DataType=Oxl, RespType=0xl ###+ SCOREEDARD FESULTS *+++
11EEEODD: [INFO|SCOR]  SourceInfo=0x0, Status=0x00, Parity=0, E0F=0xl Pass count . 4
11555000; [INFO|SCOR] ResponseData (zxa048400005 Fail count |
1155E000: [INFO|SCOR] = ======== Unexpectead |
[SCOREEOARD] PASS: 65-bit lpGET frame structure werification successful Total checked : 4
[SCOREBOARD] ===== STANDARD PAYLOAD VERIFICATION ===== ) 100, 00
Command typs: 1 Pass rate : 00
Expected: payload=0xal48d00005, status=0x00 _
Actual - payload=0xal48d00005, status=0x00 --- LAS Operation Type Breakdown ---
[SEDREBEAED% 65-hit Frame Comparison: LAS SERVICE Operations:
spected Frame: : .
S0F=1, Source=2, DataType=1, RespType=1 %eai operattqns ) %
SourceInfo=0, Status=00, Data=al48d00005, Parity=0, E0OF=1 [1LE DpELatlins
Bctual Frame: Las CORE Operations:
S0F=1, Source=Z, DataType=1, RespType=1 Read operations 1
SourceInfo=0, Status=00, Data=al48d00005, Parity=0, E0OF=1 Write operations o

11EE5000: [INFO|SCOR|SCOREEOARD] PASS: Response payload matches expected wvalue
115E5000: [INFO|SCOR|SCOREEOARD] RESPONSE DETECTED: walid_out=1, resp_type=1l, status_code=0x00, source=0:x0

[MONITOR] Time=11555000: Response response data=a048400005, status_code=00 Operation Category Tatals:

11555000: [SUMM|RESP] Response [LAS_RESPONSE]: Payload=0xa048d00005 Status=0x00 PASS (0 cycles) Total READ operations 2 (5RY: 1, CORE: 1)
11555000 [DUT DEBUG] Glearing LAS response latch Total WRITE operations 4 (SRV: Z, CORE: Z)
11555000: [DUT] 1pGET. walid out ASSERTED (rising edge) _ Bosted writes (total) .9 (auto—passei
11555000: [DEBUG] FSM State change: ST SEND _RESPONSE -» ST _IDLE_&ncErain Non-posted operations 4 (IBSPDHSB verifiei

11555000 [INFO|RESP |DRIVER] *+** RESPONSE DETECTED *+* at cycle 1067
11555000: [SUMM|EESP] Response [LAS _WRITE]: Payload=0xal43d400005 Status=0x00 PASS (1067 cycles)

11555000: [INFO|FESE |DRIVER] Full response details: Yerification Sunmary:

11555000: [INFO|RESP |DRIVER]  S0F=0xl, Source=0xZ, DataType=0xl, RespType=0xl Total LAS operations C B
11555000: [INFO|RESE|DREIVER] Sourcelnfo=0x0, Status=0x00, Data=0xa043d400005, Parity=0, EOF=0xl Dperations with responses: 4
11555000 [INFO|LAS |DRIVER] Extracted response fields: rw=00, ep_addr=0x1Z2, req_addr=0x34, data=0x0001 Dperations withaut resp. 0

11E5E5000: [INFO|TEST|DRIVER] PASS: MNon-posted WRITE response verification successful
[DRIVER] SUCCESS: Non-posted WRITE response received and werified at time 11555000
[DRIVER] ========= L&S Service Non-Posted WRITE Test Complete =========
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Broadcast Signal Generation

Broadcast Signal
] —ly
Generation

Natig v Cursar A
aal clk 0
o curr_state[3:0] ST_IDLE_AncBr

< delay_config_reg[7:0] 'h 05
B gck 0
& grst 0

E gsyne 0

[BROADCAST TEST] Configuring dslay regisker to 5
ime=1745000: [FSM DEEUG] ST IDLE -> ST RECEIVE HEADER [new command, will be huffered)
1755000: [INFO|SCOR|SCOREEOARD] INTERMAL WRITE COMMAND DETECTED: DELAY[0x00] <= 0x05 (will werify when DUT executes)
[ime=1755000: [FSM DEEUG] Command buffered: data type=0x0, is broadeast=0
1765000: [TE] FSM Stake changs: ST_IDLE_AncBrain -> ST_RECEIVE_HEADER
1765000: [DEBUG] FSM State change: ST IOLE AncBrain -3 ST RECEIVE HEAER
ine=1765000: [FSM DEBUG] ST ADDRESS CHECK -> ST DECODE DATA (buffsr valid=l, dats type=0x0)
1775000: [TE] FSM State changs: ST_RECEIVE_HEADER -> ST_ADDRESS_CHECK
1775000: [DEBUG] FSM State change: ST RECEIVE HEADER -> ST ADDRESS CHECK
ine=1775000: [FSM _DEBUG] ST_DECODE_DATA -> ST_PROCESS_INT (dats_typs=INTERNAL)
1785000: [TE] FSM State change: ST ADDRESS CHECK -» ST DECODE DATA
1785000: [DEEBUG] FSM State changs: ST_ADDRESS_CHECK -> ST_DECODE_DATA
1795000: [TE] FSM State change: ST _DECODE DATA -> ST PROCESS INT
1795000: [TE] Register Write: submodule=SUBID_DELAY, addr=0xD0, data=0x05
1795000: [DEBUG] FSM State change: ST DECODE DATA -» ST PROCESS INT
1795000: Registsr Write: submodule=SUBID_DELAY, addr=0x00, data=0:05
1805000: [TB] Register Write: submodule=SUBID_DELAY, addr=0x00, data=0x05
1815000: [TB] Register Write: submodule=SUBID_DELAY, addr=0sx00,
1825000: [TB] Register Write: submodule=SUBID DELAY, addr=0x00,
1835000: [TE] Register Write: submodule=SUBTD_DELAY, addr=0xD0, data=0x05
ime=1335000: [FSM DEBUG] Skipping ST SEND RESPONSE for infernal write operation
1845000: [TE] Register Write: submodule=SUBID DELAY, addr=0xD0. data=0x0S
ine=1845000: [FSM DEBUG] Buffer clearsd after procsssing in state ST _PROCESS_INT
1855000: [TE] FSM State change: ST PROCESS INT -» ST IDLE AncBrain
1855000: [DEBUG] FSM State changs: ST_PROCESS_INT -> ST_TDLE_AncErain

[EROADCAST TEST] Test 2: Brosdcast Reset Signal Generation
ime=1965000: |FSM DEBUG] ST IDLE -» ST RECEIVE HEALER (new command, will be buffered)
[EROADCAST GEN] Time=1975000° Latched reset request
[ime=1975000: [FSM DEBUG] Command huffered: data types0x3, is broadeast=l
[EROADCAST TEST] Verifying FSM transitions to hroadcast state
1985000: [IB] FSM State change: ST IOLE AncErain -» ST RECEIVE_EEADER
1985000: [DEBUG] FSM State change: ST_IDLE AncBrain -> ST RECEIVE_HEADER
rine=1985000: [FSM DEEUG] ST ADDRESS GHECK -> ST ERDADCAST (buffer validsl, is broadcast=1)
5000: [TB] FEM State changs: ST_RECEIVE_HEADER -> ST ADDRESS_CEECK
1995000 [DEEUG] FSM State Dhar\ge ST RECETVE, _HEADER -3 TST ADDRESS CHECE
ime=1995000: [FSM DEBUG] Vaiting for broadcast generator to start (cycle 0)
[EROADCAST. GEN] Tine=1995000: Starting hroadcast sequence (reset=1, sync-0)
2005000: [IE] FSM State change: ST ADDRESS CEECK -» ST _BROADCAST
[ime=2005000: [FSM DEBUG] Buffer cleared after processifig in state ST BROADCAST
2005000: [DEEUG] FSM State change: ST ADDRESS CHECK -> ST ERORDCAST
[EROADCAST TEST] Verifying reset pulse generation with delay=5
[ime=2005000: [FSM DEEUG] Waiting for broadcast generator to start (cycle 1)
Iine=2015000: [FSM_DERUG) Broadeast complets, returning ko IDLE (no response needed)
[ERDADCAST CEN| Time=2065000: State transition BGAST DELAY -» ECAST PULSE
Iine=2075000: [FSM_DERUG) Broadeast complets, returning to IILE (no response needed)
[ERDADCAST CEN] Time=2085000: Generating RESET pulse (grst=1)
5000: [TB] FSM State changs: ST_BRORDCAST -> ST IDLE_ncBrain
2095000: [DEEUG] FSM State change: ST BROADCAST -» ST IDLE AncBrain

~ B rOth ave n , {gggggggﬁgg} ;m 095000 Generating RESET pulze (qrast=1)
t |

105000 State transition BCAST PULSE -» BCAST HOLD
[EROADCAST GEN] Tim

g 105000 Generating RESET pulse (grat=1)
National Laboratory - [ERORDCAST GEN| Tin

115000 State transition BCAST HOLD -> BCAST_CLEANUP 18
[EROADCAST GEN] Time=2115000: Generating RESET pulse  (grst=1)

[EROADCAST GEN] Tims=2125000: Stats transition BCAST CLEANUR -> BCAST_IDLE

[EROADCAST TEST] PASS: GRST pulse width = 4 cycles




Error Response Format

[REEAD_ERROR_TEST &] Read SLDOL Control - Parity Error

Testing: Read SLDO01 Control - Parity Error

Injecting parity error: correct_parity=0, sent parity=1 -'
[ime=32885000: [FSM_DEBUG] ST IDLE -» ST RECEIVE_HEADER (new command, will be huffered) 1:
32895000: [LNFO|SCOR|SCOREBOARD] INTERNAL READ: SLDOL[0%00] (response sxpected) S e' 'l a | |
[SCOREBDARD] DEBUG: Final predict response result: resp_type=2. response_data=0x0000000000
[SCOREBDARD] PARITY ERROR: Expected 0, got 1 ﬁ
J2B95000: [INFO|SCOR|SCOREBOARD] ERROR DETECTED IN INPUT: Parity Ercor Detected (code=0x20) - waiting for DUT response

.
Cine=32895000: [FSM_DEBUG] Command buffered. data_type=Ox0, is_hroadeast=0 E rror H a ndl In
Waiting for error response. ..

32905000 [TE] FSM State change: ST _IDLE_AncBrain -»> ST RECEIVE_HEADER

32905000 [DEBUG] FSM State change: ST . I0LE _BncBrain -> " ST_RECEIVE _HEADER
Cime=3E2905000: [FSM_DEBUG| ST ADDRESS_CHECK -> ST TECODE _DATA (buffer_t valid=1, data _type=0x0)

32915000, [TB] FSM State cha:ng’e ST RECEIVE H:EBDER -» ST i BODRESS_CHECE,

32915000 [DEBUG] FSM State change: ST ] RECEIVE _HEADER -3» TST_ADDRESS_CHECE
Cime=3E2915000: [FSM_DEBUG] ST DECODE_DATA -» ST ] PROCESS INT (data_type= INTERNAL]
[ime=32915000: [FSM LDEEUG] ST DECODE, DATB - ST ERROR_] DETECTED (internal command validation erroc)

32925000, [TB] FSM State cha:ng’e ST ADDRESS _CHECE -» ST _DECODE_DATA

32925000 ERROR_HANDLER] Latching PBRITY ERROR (0=20)

32925000 DEBUG] FSM State change: ST ADDRESS CHECE -» ST DECODE_DATA

32925000 INTERNAL_CHMD_VALIDATOR| *** “YALIDATION ERROR *+%

32925000 INTERNAL_CHMD_VALIDATOR] Submodule: ID=Z - WALID
32925000 INTERNAL_CHMD_VALIDATOR] Address: 0=00 - VALID
32925000 INTERNAL_CHMD_VALIDATOR] R/ 0x2 - WALID

32025000: [INTERNAL_CMD_VALIDATOR]  Parity: 1 (expected 0) - INVALID
3L925000: [INTERNAL_CMD_VALIDATOR]  Error Type: 0x20
32935000 TE] FSM State change: ST_DECODE_DATA -»
32935000 DEEUG] FSM State change: 5T DECODE_DATA -> ST_ERROR DETECTED
32935000 ERROR_HANDOLEE] *+*+ PARITY ERROR STAELE **+
32945000 ERROR HBNDLER] State transition: ERR_IDLE -> ERR DETECT
32045000 [ERROR HBNDLER] Error detected! Type: ERR PARITYT ] ERROR (0x20)
32045000 [ERROR HBNDLER] Error will he stable in 4 . cycles
3E975000: [TE] FSM State change -
32975000 DEEUG] FSM State change: ST ERROR_DETECTED -> ST_ERROE_RESPONSE
32985000 ERROR_HANDLEE] State transition: ERR DETECT - ERR PROCESS
32995000, [DEBUG] Error detected! Type: 32
32995000 ERROR_HANDLER] State transition: ERR_PROCESS -» ERR RESEONSE_GEN
32095000 [ERROE_HAMDLER] Generating error response for: ERR_PARITY ERROR (0x20)
32995000 ERROR_HANDLER] **+ EERROR_VALID ASSERTED for type: ERR_PARITY ERROR (0xZ0) *++
[‘1me=32995000 [FSM DEEUG] Error response ready - acknowledged and procesding to cleanup
05000 [RESP_GEN] TaASE. Building error response with err_code=0x20
SSDDSUDU EESE_GEN] TASK. resp_type=RESE_ERROR(2). source_inf
33005000 RESP_GEN] ===== ENHANCED ERROR RESPONSE GENERATION
33005000: [RESP_GEN] Enhanced error response: ERE_PARITY ERROE (code=0x20)
33005000 [RESP_GEN] Building 65-hit error response frame
33005000 [RESP_GEN 50F=0x1
33005000 [RESP_GEN Source Module=0x2
33005000 [RESP_GEN Data Type=0x0
33005000 [RESP_GEN Response Type=0x2 (RESP_ERROR)
33005000 [RESP_GEN Source Info=0xa (ERR_HANDLER)
33005000 [RESP_GEN Status Code=0xZ0
33005000 [RESP_GEN Response Data=0x0000000000
33005000 [RESP_GEN Parity=1
33005000 [RESP_GEN E0F=0x1
33005000 [RESP_GEN response_valid asserted
33005000 [RESE_GEN
33005000 ERROE . HRNOLEE] State transition: ERR_RESPONSE_GEN -> ERR_WAIT ACK
33005000 ERROR HBNDLER] +*+ ERROR_RESPONSE READT ASSERTED for type ERR_PBRITY_ERRDR (0=20) *++
[TE] Time=33005000: Response received from DUT. response_data=0x0000000000
33015000: [TE] FSM State change -
[‘1me=33015000 [FSM DEEUG] Buffer cleared after processing in state ST _ERROR_CLEANUP
15007 [ERROR . HRNOLEE] Clearing all enhanced error 31g'nala (state= ST_ERROR_CLEANUE)
33015000 DEBUG] FSM State change: ST _ERROR_RESPONSE -> ST_ERRUR_CLEBNUP
33015000 ERROR_HANDLER] State transition: ERR_WAIT ACK -> ERK_COMPLETE
33015000 [ERROE_HAMNDLER] Error handling complete
33015000 ERROR HBNDLER] **+% ERROR_RESPONSE_READT DEASSERTED ***
33025000: [TE] FSM State change -» ST_IDLE PchraJ.n
33025000 DEEUG] FSM State change: 5T ERRDR CLEANUP -» ST_IDLE_AncErain
33025000 ERROR_HANDLEE] State transition: ERR COMPLETE -> ERR IILE
33025000 ERRUR_HBNDLER] +** ERROR_VALID DEASSERTED *++*
| Found error response in resp_out (valid out may have been missed)
Response: status_code=0xE0, resp_type=Z2
SUCCESS: Error correctly detected and reported
Expected error type: ERR_PARITV ERROE (0x20)
Betual error code: Ox20
Eesponse type: RESP_ERROR (2)
[EERD_ERROR_TEST &] PASSED: Read SLDOL Control - Parity Error

KR_HANDLEE (0xa), status_code=0x20

[TRET] ==== PFRFARMTNG NMPTETE SYSTEM RESET RRETWREN TRETS ====
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What’s next?

Transitioning to Synthesizable RTL: From Functional Mock-up to
Hardware Implementation with Triplication
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EIC-AncBrain Block Diagram
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