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Checking Upstream Variables than ROC _DATA

@FEM Slow Control FPGA

CHI1: SC_OUT_ON

4 —|
DATA TO SERIAL_ OUTPUT
80ns/bit

Most upstream variable at SC_FPGA@FEM

ST SC DATA IN |
106ns.bit

J J
N mm
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Seem to be all consistent between SC OUT@FPHX = SC DATA IN = DATA TO SERIAL OUTPUT



Various Pattern Attempts

128
129
130
131

10100000
01000000
01100000
11000000
10110000
11010000
10101000
10111000
10010100
11001100
10101011
10000000
10000001
10000010
10000011

10100000
01000000
01100000
11000000
10110000
11010000
10101000
10111000
10010100
11001100
10101011
00000000
10000000
10000000
10000011

10100000
01000000
01100000
11000000
10110000
11010000
10101000
10111000
10010100
11001100
10101011
00000000
10000000
10000000
10000011
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2: Perfect
1: Partially
0: Bad at all

Chip SC_OUT is as expected, but missing bits in FEM SC_FPGA. Chip-2, Chip-3 both behaves the same.




Slow Control Command Sequence

e Tab-8 -> Chip-2 -> Side-1
* Typein L\{DS Curren’E This procedure is different from
e Press “Write” -> “Write”"4¢mm®) Dccember Press “Set” -> “Write”

The sequence in December was inadequate.
According to FPHX manual,

- :'o:: “Set” commands resets all register bits to be 1
id = ]

Table 1 - Slow Controller Instruction Set

L Ii Io Instruction Effect

0 0 O No effect

0 0 1 Write The eight data bits (D7-Do) are written into the register

01 0 Set All the register bits are set to 1 [D7-Dg are ignored]

01 1 No effect

1 0 0 No effect

1 0 1 Reset All the register bits are reset to 0 [D7-Do are ignored]

1 10 Default The register bits are sent to a preset, hardwired value [D7-Do
are ignored]

1 1 1 No effect




Attempt Failed Pattern in December

£F #E R ~ILT

NG

CH1: SC_OUT_ON

Readbacker Development Meeting

Takashl Hachlya

LVDS = 171mA
Pattern : 10101011

OK, FEI\/I test pin outs are aII conS|stent vvlth the pattern of output SC @ FPHX

kkkkkkkkkkkkk

We conclude, the failure in December was caused by the slow control command

execution procedure procedure as pointed out in the previous page.



DATA OU AR o

111000077

LVDS=171mA (10101011) ! CHI1: ROC_DATA

Same pattern as previous
page, but failed in April
attempt. We concluded this
is caused by the inadequate

SC command sequence. @ 1.00V & 1.00V 23 Apr 2021

"H"'--mcuns 2.50GS/s 5 ‘
J+v3.31200us 10K points 196mv J[15:51:32
)

|




+ Select Tab (8)
- Select Chip (2)

- Select Side (1)
Also, specify FEM address on GUI and it

has to be matched with the assigned FEM

address by the rotary switch!!

* Type in LVDS Current

* Press “Write” + “Write”

* Need to press “Write” twice to readback updated registered value
(otherwise, readback value is the left over.)




CH1: SC_OUT_ON

Patterns around 128

—
.
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400ns 2.50GS/s @ - |17 may 2021
L+ v556.000ns 10K points 640mVv £11:38:19

"-mrms 2.50GS/s @ - |17 may 2021
Li+¥556.000ns 10K points 640mV L11:39:09

DC 4 640mV

10000001 (129) is failed 10000011 (131) is OK

Remains mystery. However, we decided to move on for now. Since the most of cases seem to be successful.
We'll come back for debugging later.



VME-BUS transmission of readback values

Should be active to transmit in U7

+3.3V-D
—~ From SC_FPGA |——.
u7
Aé 10EBYn
WE_SC_VME > ENABLE_SC LOEAR
R L6 VME_A17
Readback Value > SC_DO_VME . n
\ N[o—3 1Y Readback output ‘
8 /OEBYn ‘
—\ ENABLE_JTAG 41 JOFAR :
R L3 VME_A16 ‘
—\L TDO_VME 5
|/ . JA
NCO—— /Y

-> Monitored WE_SC_VME and found inactive 9



WE SC VME @ SlowControl FEM.vhd

‘0" when COMMAND_VME(1) = '1' and ((FEM_ADDR_VME = FEM_ADDR_REF) or FEM_ADDR_VME

se
7
LED_OUT(4) <= FPGA_ADDR_VME(®@) when FPGA_ADDR_VME(2 downto 1) = "11" else
'Z' when FPGA_ADDR_VME = "101" else
'0' when COMMAND_VME(@) = '1' and ((FEM_ADDR_VME = FEM_ADDR_REF) or FEM_ADDR_VME
se

LED_OUT(3 downto 1) <= "111" when FPGA_ADDR_VME = "111" else
000" when FPGA_ADDR_VME
272" when FPGA_ADDR_VME
FEM_LVL1_DELAY(3 downto 1);
LED_OUT(®@) <= FPGA_ADDR_VME(@) when FPGA_ADDR_VME(2 downto 1) = "11" else
'Z' when FPGA_ADDR_VME 101" else
‘@' when FEM_COMB_MODE = '1'
else 'Z'; —'

110" else
101" else

— Use FPGA addresses 5,6,7 to set LEDs on data FPGA to green,red, or off respectively
LED_TEST <= FPGA_ADDR_VME(1 downto @) when FPGA_ADDR_VME(2) = '1' else (others => '0');

WE_EEPROM <= '1';
ENABLE_SC_FO <= '1';

=-14-0ct-11: BCO_CLK no longer used via DATA_AUX_FROM_SC. Replace with USE_NI variable

which determines if we are performing DAQ via NI or (by default) DCM:
~-DATA_AUX_FROM_SC <= FEM_ADDR_REF & FEM_LVL1_DELAY & USE_COSMIC_TRIG & FEM_COMB_MODE;
DATA_AUX_FROM_SC <= FEM_ADDR_REF & FEM_LVL1_DELAY(4 downto @) & LED_TEST & FEM_COMB_MODE;

--These are already being set by the data FPGA:
DATA_FO_SD_01_ENABLE <= '@';

DATA_RX_@1_ENABLE <=
- DATA_SQUELCH_@1_ENABLE <= '0';

ENABLE_JTAG <= '1' when FEM_ADDR_VME = FEM_ADDR_REF else '0';
TDO_VME <= JTAG_RX_BUF(0);

--Only send data out on backplane when this particular FEM is addressed:
WE_SC_VME_int <= '1' when FEM_ADDR_VME = FEM_ADDR_REF else '0';
WE_SC_VME <= '1' when ( (FEM_ADDR_VME = FEM_ADDR_REF) or

(FEM_ADDR_VME = x"F" and FEM_ADDR_REF = x"0") ) else '0';
DO_SC_VME <= DATA_OUT_SC_int;[]

end RIL;

~(D0S)**+- SlowControl FEM_TB.vhd Bot L869  (VHDL)
Find file: []

x"F") els@

x"F") els@

WE_SC VME becomes active only when
FEM address is specified.

We have to specify the FEM address to
make WE_SC_VME active.

See next page.



Specifying FEM Address

Control: (192.168.11.38) May 17, 2021

Readbacker Development Meeting [saf it ~NT

e
Seetand ~ moc

ROC o e N
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>
<A e At g o Pl A g e, 9 A

[ set FEM #6

J

& 1.00v "Hz.oul.xs 500MS/s @& s |17 May 2021
J+¥1.50000us 10k points 660mV ) 14:02:40
|

1. Set Rotary Switch to 6 on FEM board
2. Set FEM #6 in Nevis GUI

Now READBACK words suppose to be transmitted from VEM to

OK, WE_SC VEM becomes active.
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FEM Debugging Conclusion

« The Register values monitored at FEM SC FPGA seem to be consistent
(most of the cases) with the signal pattern monitored by the
mtlercep’%l%nuli)oard, which was confirmed to be consistent with input
values a .

« The reason why inconsistency observed in April was due to inadequate
SVC\:I c_:{)rpmand sequence. It has to be “Write” + “Write”, not “Set” +
rite”.
 Need to specify FEM address to activate VME_BUS transmission of the
readback values.

« The readback value at FEM SC FPGA becomes inconsistent for register
values 128, 129, 130 with the signal pattern in FPHX output. Somehow

the pattern bit is lost during ROC->FEM transmission.

 There can be more patterns which fail if we scan through all 8 bit
patterns.

* We decided not to debug this further for now. We’ll move on to FEM-IB
check and will come back for debugging later.



- V-




FEM-I1B 1/O Structure

FEM INTERFACE BOARD
Block Diagram

a

Z

Test Point
Front Panel LEDs
Test (FULL,EMPTY LOCKED,
BCO CLKOUT Header ERROR,FPGA outputs)
BCO < Y [
BCOFB
- A1 Strt FB Front
start F Panel
Aﬁ * Strt Switches BCO
(FEM Adr,
Test Point rPGA
Adr, USB/
Eth, Rst) SCIk

, !

VME

Mode Bits
BCO 8
G-Link
Board DAV.CAV.LINK.FLAG.ERR. FPGA
STB.Mode En,LVL1Accept, (Spartan 3)
EnDat.UserBits BCOx4 2
Glink Reset 7 14 | o A ¥
Transl
Data_Eth ranslators .
: > 39 39
Control_Eth
A
Rst_Eth
MOD5270 8 = 8
Ethemet | 3 25MHz
Board i
uUsB Data
Module
STBs

Fig. 13. Block diagram of the FEM Interface Board.

6/24/2009

DI_SC_VMEM ?
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FEM-1B_top.vhd (1008kx

COMMAND_FEM_IB <= 000" &COMMAND_WME_int(4 downto @) when(COMMAND _VME_int(5) =

CSIn_FEM_IB <= CS_SC_VME_int;
DATA_IN_FEM_IB <= DO_SC_VME_int; ¥

COMMAND_WME <= (others => '8') when (COMMAND_WME_int(7 downte 5) = "@@17) ~
else COMMAND. \ME_ t{7 downto 6) & 8" & COMMAND_VME_ 1n!(4 downto ll.
ADOR_VME <= (others => '8') when (COMMAND_VME_int(7 downto 5] = "8@1") “M

else WE WME_int;™™

(SSC\!E¢=CSSC\MEI!|!.‘H
DO_SC_VME <= DO_SC_WME_int; "M
SCK_S( WE <= CLK_SL(H. M

s¢_command_parser PORT MAP(“M
=> CLK_SLOW,
=> GLOBAL_RST, "
=> COMMAND_FEM_IB, M
= DATA_IN_FEM_IB, M
= (SIn_FEM_IB, ¥
START_BCO => START_BCO, M
RESET_FEM_IB => RESET_FEM_IB8, "M
CHECK_GLINK => CHECK_GLINK, "M
TEST_OUT => ppen”M
I H ™

Inst_sc_command_parser:
Clock —BC0_CLK, "™
Reset
Command
Dataln
CSIn

Inst_receive_block: receive_block PORT MAP("M
DATA_IN =»> DI_SC_WME, "M <
C5_5C_WME == C5_SC_WME_int, "M
COMMAND_VME => COMMAND_VME_int, "M
C5_ETH => DATA_CNTR_IN_ETH{R], "™
CLK =» CLK_SLOW, M
OUT_CLK == CLK_FAST, ™
RST == HARD_OR_SOFT_RST
WRITE_ETH = mn_om_m ETHI1), "M
REQ_ETH w> mn_om(_m ETH(2), B
ALK_ETH we ACK_ETH_int, ™™
READ_ETH w= READ_ETH_int, “F
DATA_DUT wo DATA_DUT_SC_FEM "M

1

DATA_CNTR_OUT_ETH(@) <= READ_ETH_int;"M
DATA_CNTR_OUT_ETH(1) <= ACK_ETH_int; ™4
-

DATA_DUT_SC_FEM_IB <= “2@00000"&(not GTM_LINK) when COMMAND_WME_int = X“21" "M
else COMMAND_VME_int ;M

DATA_OUT_SC <= DATA_OUT_SC_FEM_IB when (COMMAND_WME_int(5) =
DATA_IO_ETH <= DATA_OUT_SC when (USE_ETH = "1' and DATA_ONTR_IN_ETH(®) =
BCO_OUT_inst :

generic map (
IOSTANDARD => “DEFAULT™)

0BUFDS

DI_SC_VME

‘1') else DATA_DUT_SC_FEM;

'1') else (others => '0');"M

N

DI_.SC VMEZ /1L TH %,

“M

TA_UUT_SC_FEM ™

TEST_OUT(@) <= START_CALIB; —DI_SC_VME; ——START_BCO;"M

TEST_OUT(@) <= DATA_CNTR_IN_ETH(@) ;—START_BCO; —MODE_BITS(2);
TEST_OUT(1) <= DATA_OUT_SC_FEM(®);—START_CALIB; —START_BCO_PERIODIC;
TEST M(Z) <= DATA_CNTR_IN_ETH(2) ; —LVL1_ACCEPT; ——START_BCO_2BUF;"M
TEST_OUT(3) <= READ_ETH_int;—START_BCO_PERIODIC; M
TEST_OUT(6 downto 4) <= TEST_OUT_SC(6 downto 4); “M

TEST_OUT(7) <= START_BCO_FEM; —BCO_CLK;™M
TEST_OUT(8) <= BCO_CLK; --DATA_STB; M
TEST_OUT(9) <= CLK_SLOW; M

TEST_OUT(13 downto 18) <= (others => '8");"M

—DI_SC_VME;

—START_BCO; *M
—START_BCO_BUF; "M

N

‘1') else “ZIZIZIZII";"M
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ETH vs USB Output

[ X ] fUsers/itarw/RHIC/PHENIXFVT X/ Doc/FPGA/1008/FEM_IB_1008ver_26Mar 14/FEM_IB_top.vhd <-> [Users/itaru/Desktop/ReadbackerFEM_IB_TB_30-Aug-13/FEM_IB_top.vhd
320

1008k & standalonefR@FEM _IB_top.vhd
3 5 & 1008HRDETHICH 19 3
T 2a—ILICHEHETBUSBHAOEY 2 —
JLhstandalonefRICIFEWLE S ICR Z %,
Z Nl standalonehRICET 7= ICUSBIZH 73
THEY2—IIZEMLRITNIEE K
Z Do

DATA_ IO _USB#%#EH L. USE USBT
activated % & 9 Z2FunctionZ 1B/

1008fRDFEM IB top.vhd standalonekk ® FEM _IB_top.vhd
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ETH vs USB Output

[ N [Users/itany/RHIC/PHENIX/FVTX/Doc/FPGA/1008/FEM_IB_1008ver_26Mar 14/FEM_IB_top.vhd <-> [Users/y /Desktop/Readb FEM_IB_TB_30-Aug-13/FEM_IE_top.vhd
298

.
~ SWAAT, mo m 'W\u
:ﬁ:ﬂo_m - mmjcqmu..

Inﬂ' l:o Eﬂ- V"ﬂ

- ;‘[:D‘Fma: ﬂM,EOJﬂl‘I.“M
- N

28

<= A GTM_
Tif) = GLNK_RST e
—a&w?m-pml-m cal command mosived hom GTM*M
TED Sownt 8 <= COMMAND VME_ini[3 dowsto 0);*M

-
—~  LEDOUT o DATA_IO_ETH —CATA_OUT_SC;*M

<= et GTM |
LED, OUTIE) = GUNK_RET_ine*M

LD OUTIS domnto §) <= CRATE IR*M

~LED OUTH) will go on f & Mt calls command mosved hom OTM M
LED OUTES downto 1) <= COMMAND VME (3 dowsto 1);  *M
LED OUTI) <= 17*M

LED OUT «= DATA_IO_ETH. ~DATA_OUT_SC:*M

s s v Z DY DET -IHjjJBeﬁFf*?ﬁ TBRR (2 1E 7% ULy,

o DATA_CNTHOUT. -
um _OUT »nm_wuem

LR LR

g =
_OUTI1) <= DATA_OUT_SC_FEMY).-START_CAUB. ~START_BCO_PERIOOIC, ~START_BCO_BUF.*M
VLt . ~START_BCO_28UF-*M
READ ETH it —START_BCO_PERIOOC "M
SCI8 dowsto 4); M
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DI SC_VME Monitoring

f’/ r/ ” ".f.““'.‘
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@ 1.00V ® 100V T ’TH"i"-,-"ii'a’;fidz1 ‘0 1.00 V € 1.00V "400.15 2.50GS/s & - |17 May 2021
: 50000us 10k points 660mV J14:10:12 } W»v1.50000us 10Kk points 660mV J14:12:14

CH1: SC_OUT_ON « DATA OUT_SC int @FEM contains header word.
Readback data follows the header.
* OK, Expected Readback pattern is also observed at

DI_SC_VME in FEM-IB.




FEM-IB Conclusion

e« Consistent readback values are observed in FEM-IB as well.

 The next step is to implement USB module to transmit
readback values to PC.



SC Transmission to Specitic CHIP-ID&Module

G

®INOIL S 5CO, START

SC(bit)

BCO} START
2020/12/22

Sensor module [2020/12/23

Distributor

DATA(32bi
t)

DATA(32bi
t) y

PC
NI-
DI
O

021/4/23

SC(bit)
021/5/17

« Tracing SC command transmission from PC to FPHX chip (done) by the end of Dec. 2020.
Return path is completed to FEM-IB by May 17t
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