VMM hybrid test Software for
uPython-driven test card



VMM hybrids from factory
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L L L LT o TR R AR o R
L 2 W
¢ A%

s ! Jl it wrd
hdadndaded b A L LD L L E 1Y

” LR LS
7 %

{tddd4 4404044440
Bt wnnt G, ~--.--4.A.u‘-~
RaRReIRIBINE

g i

2/10/2020 S Popescu, H Muller et al



15t step:
VMM Flash programming

New hybrids: to be done before cooler assembly !
Only connect P1 AUX power, do not connect P2 to avoid VMM overheating.



Spartan FPGA programming via ISE

% ISE iMPACT (P.20131013) - [Boundary Scan]
% File Edit View Operations Output Debug Window Help

D2 EH B =2 x & & N
iIMPACT Flows =

As PROM, select AT45DB161E

ISE iMPACT (P.20131013) - [Boundary Scan]
% Create PROM File (PROM File ... % File Edit View Operations Output Debug Window Help
+ [5) WebTalk Data = 5
D2E ¥ B X DX B8 BI AN
iMPACT Flows @

= =l
EEIE)

= x

Assign New Configuration File

Right elick device 1o select operations

‘
Look in: =) - RD_work/D MM2_{ |4 B @ B [ (s SystemACE
_ [=] Create PROM File (PROM File ... 5 =
& computer | vmm2h_v06_aM.mcs + [) WebTalk Data oI B ISE iMPACT (P.20131013) - [Boundary Scan] -0 x
[ bc RD_wc | | | vmm2h_v06_16M.mcs % File Edit View Operations Output Debug Window Help EIEE)
vmm2h_v06_64M.mcs xeBskis P - -
T reass O2FHE & BB X 29X & =13 ,8
— iMPACT Flows =20E3® [ — l —
Aval Boundary Scan SR % ISE iMPACT (P.20131013) - [Boundary Scan]
& [2] SystemACE = 5 i ; .
@ Create PROM File (PROM File ... o0 % File Edit View Operations Output Debug Window Help
= [5] WebTalk Data DAEH X888 =TT FN
IMPACT Processes 0@ iMPACT Flows o] 3]
*CBS16 Right click device to select operations
Available Operations are: vmmzh v08.bit . Boundary Scan g
=P Program T [£) SystemACE
(&l ) P Verify [£) Create PROM File (PROM File ...
file name: | vmm2h_v06.bit =P Erase

TDI —.
# [2) WebTalk Data
=P Blank Check

Select Attached SPI/BPI
mP Readback

xc6si16
= Select the PROM attached to FPGA:
Get Davice Checksum

Files of type: | All Design Files (*.jed *.bit *.rbt *.isc *.nky *.mcs *.mpm *.svf *. % |

vmm2h_v06.bit
= Read Device Status [sp1 PrROM 4 | [aTasDB161E : . .
iMPACT Processes Data Width: 17‘] Configuration Operation Status
@l % saun] Available Gperations 2 e B
[&] Console | @ Errors | A\ Wamings | —_ 1 mp Program — -
o) =P Get Device ID

mp Get Device Signat]

Abort

iMPACT Processes D0EX
oy . . o Read Device Staty
Connect Xilinx dongle via Hybrid adapter & oo oo wns > o st k
— * One Step XSVF

and if LED is green select VMM2 firmware bitfile in ISE DA

Cancel

% Boundary Scan
IMPACT software e

T =3 Boundary Scan
Console | @ Errors | .1\ Wamings |

Errors S

(al I

[i] Console @ Errors [ 2\ Warnings

Configuration | Platform Cable USB II

Wait until programming is completed
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29 step
VMM hybrids , COOLERS mounted
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3rd test via VCT box



VMM set up test via VIC

2/10/2020

6V AC adapter

HDMI AD cable

Hybrid under test

S Popescu, H Muller et al

Laptop:
-VTC control GUI

—Windows MacOS
-SQL db
-Label printer




VTC card block diagram

VMM hybrid

VTC card

2x2 Mbyte Flash
default uPython

USB

under test

R

] [

HDMI AD cable

HDMI -A

HDMI -D

(0-Ohm Cable test) & :

@4'

18 x Line
Impedance
VS.

Clock enable

12C-1-Ex ion conne
+3V3
= m

Mux enable

12C-2

[ ]

P2a

GND lines on/off
P1,P2 Pla
. Voltage d
Relais Current
P1,P2 adjus

DCDC
P2=3.9v2A P

LDO
P1=3.3V 0.5A

Powdr on/off

e

of

Serial SWO

VMM-PW
Reset

+6

MicroPython card
{ plugged in via 2

MCU = STM32F767
/

USB-1

STM32CubeProgrammer

VTC
Windpws 10 GUI

USB-2

S o, U

STM-link-V2

Whbus connectors )
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debug /program
dongle



uPython card
( https://store.micropython.org/product/PYBD—SF6—W4F2)

The chosen MCU card is a loT device with programmable I/Os and wireless connectivity.

The integrated MicroPython language does nor require compilation and comes with Libraries which

for example allow to scan / read 12C devices. Powered via USB, with bottom side WBUS extension connectors.
Very good documentation on mlcropython org 32 it MCU, manuals debugging tools High level libraries etc
from ST Microelectronics ST.com ’ \

— AuruuiaD U] epew
§ 09:35:Y0:0E:Yh:%h

_ (ThOTODEE92LS0h g |\/||cro

SD slot

1
J

Y10 ey
CX6xa

@) 4§ & Yy
()X

@)

(@b
OYi2

C

Top side with USB and Wifi antenna Bottom side with W-bus connectors
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Photo of VTC card 1.0 with PYBD

Plugged
Python Card
with USB,
Wifi and SD
card

2/10/2020

HDMI cable port -> VMM

(==

Status /address LEDs

12C bus plug

S Popescu, H Muller et al

Input power jack (6V)

40 MHz clock coax

DCDC power converter



VMM Current and Voltage measurement

P2 is the main VMM power driving the 2 VMM3a ASICS. The nominal currentis 1.6 A and
the nominal Voltage at the hybrid AUX connector vs. the center GND pin must be >=1.75V.

P1 is the power for the Flash and 12C chips. The nominal current is 0.15A and the Voltage at
the AUX connector vs. center GND pin must be >= 3.0V

Both P1 and P2 Voltages are provided by the VTC box and are enabled/disabled via
software. There is a pushbutton on the VTC card to momentarily disable both P1 and P1.

A power cycle can also be generated via a uPython program



Principle Voltage / Current measurement

2m HDMI Molex cable
R ~ 11 Q +6V LEDs: red: +6V OK

Green: VMM Pwr enabled

cablepl

~0.55 Q)
AU/R2=IP2
VMM AUX
connector AU,, = RcablepZ * |p2 P2b | P2a e]e
AU.. =R * |P1 generator
P1 cablepl ’_g\\ 0.220
;;E _ Current resistors R1 and R2
/P Pla
P2>=1.75V 3.302
P1>=3V
AU/R1=1P1

P1 and P2 Voltages measured

The VTC can only measure P2a,P2b,P1a,P1b for all Voltage and Current mesurements . For

on the hybrid AUX connector determination of P2 and P1 Voltages at the hybrid, the constant Voltage drops over the cable
between GND and P1 or P2 pm ﬁupz’ AUPEmust be determineq. This can be calculate_zd either knowing the cable resistances
cablep1 and Reablep2 OF DY measuring AUp, AU, once via a DVM.
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est principle in a nutshell

Connect VMM hybrid to HDMI cable to VTC

Level 1

* Use 2 ADC’s of python card to measure all 19 HDMI lines ohmic
* Compare ohmic test results with expected values

e -> 15t test OK or failed

Level 2

* Enable 40MHz and 2 power lines to VMM, generate power cycle
* Measure voltages and currents P1 and P2

e ->2nd test OK or failed

Level 3 (more advanced)

Perform 12C device scan ( via HDMI though Spartan FPGA on hybrid)

List all devices found

If ID chip found, read unique identifier
-> 3 test OK or failed

All basic test procedures
are written in uPython
and execute on Python plugin card



Principle Ohmic line measurements

10M resistors are used to gerenerate a quasi current source of 0.33uA between 3V and GND.
Via the analogue multiplexers MUX1,2,3 the current is injected into the HDMI cable with the
VMM hybrid on other end. If the line is high-ohmic the voltage on the ADC inputs of the python
card is high, otherwise low. | +3V3

Default HDMI
micro connector

1M I Uapcs= ADCbit * ADC1(

RIine[Q]= UADC/ 0.33uA Re=1M (3.3V -U J Unpcz= ADCbit * ADEZ() -F ]
| ] =

Unpc [V] = ADC counts * 0.805 mV MUX_EN
. linex — )
A 3
\ﬁ N Addresses Mux1,2,3
— Gnd g I =1
-~ | RS B
( — 12C
‘ v REGs
y N
- = VTC GND

Secondary HDMI Note: the purpose of the measurement is not to determine the exact ohmic value

micro connector It is rather an order of magnitude determination for 3 ranges: less 5Q, O(1-5k), greater 1M
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VMM hybrid with 12C devi/

_.-112C devices on VMM hybrid

eS

-

-

33dec Geo Chip

- / I
so far only implemented 72dec 80dec Eeprom

VMM3a hybrid block diagram

on prototye

Lo

/ 73dec 88dec ID chip

Hans.Muller@cern.ch

Update V4.0 -> V4.1 in green - P2>=1V8 )
P g s HM Sefft 2019 g ‘ DTCC link
HRS connector - vee \DoD
—=————=— Spark protection — Vaux
_ _ | SETT A : 2x MMCX |1.2v Rad f]
Pinl - Pin2 CLKN 40 MHz) 10k
h0=pin 8 TDO A DPUTO ax
4 RC- 4 PO L J  pout1 pata
Q ata
ESD A k. 0 j2¢ ¢
" TRG/Config
= 16 blocks TRG/Config M/S (12=1)
= 4 ch. each txpl
'g - o HDMI-D (micro)
=2
M e vacvs | V6] JTAG
X ESD VAUX(2)
n Ji Teke)| |2
o / TDO(8)
—5- Sparian FPGA Toi(10] J10
]O> SDA(7]
RC- SCL{9)
n bor P1(3V)
3 ESD 9 0.2A
= 16 blocks
= 4 channels A o P2 (1ve)
0 2 [ rao Vau ~1.6A
E Adr. 0x49
= B -
S RC- --
o ESD
| U9 (Flash) } Ras M/S (12=0)
AT45DB161E ) oR
Pin139 Pin140 (Adr. 0x50 EEProm JAS JLel1) J3 same pinout as J2
— (Adr. 0x58 Serial No)
1/6/2019 L
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)

|12C scan from
VTC /PYBD



Example of a uPython screenshot:

‘Serial Number readout from ID chip

paste mode; Ctrl-C to cancel, Ctrl-D to finish
== from machine import Pin

=== PWE EN = PFin('X3', Pin.OUT)

=== LMOX¥ EN = Pin('X1l', Pin.OUT)

=== GHD EN = Pin('Xe', Pin.OUT)

CLE EN = Pin('¥X4', Pin.OUT)

=== CLE _EN.walue(l)

=== GHD EN.wvalue (1)

=== AMUX EN.value(l)

== PWR EN.wvalue (1)

machine import I2C

Il
[l
Il
I Hy
[}
21

k
T % T ' I

amn () # zZcan the internal IZC bus on the VIC V1.0

[
1
0]

=

Il
]
Il
oo
[
B B3 LA A
<
n
i
=
=]
=
X
I
I

B0} # write special word 0x80 to ID chip address
== [=iZc.readfrom (88, 1&) read 16 bytes from ID chip

== print('ID ="', hex(U[0]),hex{U[1])  hex(U[2])  hex(U[3])  hex(U[4]) ,hex(U[53])  hex(U[&]) hex(TO[7])  hex(U[E]) , hex(U[9] ), hex(U[10])  hex(U[11])  hex(U[12]) , , hex (O]
x(U[14]) ,hex(U[15]})

£
w
£
L
{

I M

in{Pin.cpu.HS5, mode=Pin.0UT)

« o

in{Pin.cpu.Fl, mode=Pin.OUT)
T2, 73, 80, &8

ID = Oxle OxB0 Ox7 0x18 Oxed4 O0x10 Ox0 Oxe6l OxdE Oxbe Oxal O0x0 Oxal0 O0x0 Ox0 Oxb4




uPython screenshot:

connected HDMI line impedances MUX1/MUX3

# MUX1 line test for connected VMM3a hybrid with VTC 1.0

hardware
# -power, clock and GND lines disabled
# -measure ohmic impedance of lines datal, M/S

), "MOHM')

), "EOHM")
WX )

=

Bl
mmH
~ B

), "ECHM')

mode=Pin.OUT)
mode=Pin.OUT)
» "MOHM")

1 MOHM

1 MOHM



GUI via TKinter

Suggested layout:

<—Message field
J2 (default port) Power P1,P2 J3 (Slave port) Measurement field Aux. buttons

J2 port

M/S = 1K
Data2_P =16M
Data2_N= 14M
Datal_P=12M
Datal_N=11M
CLK_P=27M
OK CLK_N=28M

Trg/Ctrl_P =28M
12C scan VMM _ Trg/Ctrl_N = 18M

GNDline11=2 Q2
GND line 17 =1.8 2
GNDline5=2 Q2

GNDline2=2.1 2

J3 port

M/S = 1K

Data2 P =16M

J3 test complete . . Data2_N=14M
Datal P =12M

Erl’or . . Datal_N line 802 ( should be >10M )

CLK_P=27M

CLK_N=28M

Trg/Ctrl_P=28M

Trg/Ctrl_N =18M

GNDline11=2 02

GND line 17=1.8 2

GNDline5=2 0

GNDline2=2.102

J2 test complete

blink
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file  Edit Selection Find  VWiew Goto Tools Project  Preferences  Help

ViMalmostiinalZpy %

tkinter
PIL ImageTk, Image
sglite3

root

e("VMM GUI
root.iconbitmap(’C:/documents_Sorina/VMMhybrid/VMMnew.ico")

VMM_mess = Label(root, te "Please connect HDMI cable to hyH

VMM_mess fig

('Times', 24, 'bold italic'))
VMM_mess.pack( ipad!

=TOP, f X, ipady=1

collButtonl{event):
print(“column 1 button

collButton2(event):
print("column 1 button 2

collButton3(e

print(“column 1 button 37)
colFramel = Frame(root, h
colFramel.p

connCanvas
connCanvas.p

connYl

col1ButtonlOval = connCanvas.create ov: 3
collButtonlText = connCanvas.create , connYl:5
connCanvas.tag bind(collButtonlOval, "<Button-1>", collButton
connCanvas

- Line 2, Column 1

B vmm Gul

START J2
connection

START J3
cennecticn

Print Label

o0l1ButtonlText. "<Button-1>", collButtonl)

Please connect HDMI cable to hybrid J2

J2 (default port) Power P1, P2 13 (Slave port) Measurement field
: : this is very long text

‘ Pin1 QK ‘ ‘ P1=3V,0.2A ‘ ‘ Pin1 QK ‘ this is very long text
this is very long text

‘ Pin2 OK ‘ ‘ P2 = 3.6V, 1.5A ‘ ‘ Pin2 OK ‘ th!s!sverylong text
this is very long text

this is very long text

12C scan VMM

Pin3 OK

Pin3 Error

Ping OK

IC chip found

uAD found

Chip found at 0x39

Ping OK

Ping OK

Pin19 OK

Ping OK

Pin19 OK

this is very long text
this is very long text
this is very long text
this is very long text
this is very long text
this is very long text
this is very long text
this is very long text
this is very long text
this is very long text
this is very long text
this is very long text
this is very long text
this is very long text
this is very long text
this is very long text
this is very long text
this is very long text
this is very long text
this is very long text
this is very long text
this is very long text
this is very long text
this is very long text
this is very long text
this is very long text
this is very long text
this is very long text
this is very long text
this is very long text
this is very long text
this is very long text
this is very long text
this is very long text
this is very long text
this is very long text
this is very long text
this is very long text
this is very long text
this is very long text
this is very long text
this is very long text
this is very long text
this is very long text
this is very long text
this is very long text
this is very long text
this is very long text
this is very long text

cuments_Sori

cuments_Sorina

Aux. buttons

VMM Power
On / Off

VMM
ID Readout

Label Print
ID readout

Saveto DB

n VMMalmostfinalZ.py&

™ check this box

Save these measurements

show selection

VMMalmostfinal2



IMhybrid\WMMupdataDatabase.py - Sublime T \ ; Picture Tools

Edit Selection Find View Goto Tools Project Preferences Help Jie Manage

4» ViMMalmost na.p VMMdb.p VMMalmaostfin

64 P1_name_label Label(editor, text="P1 Name™)
P1_name_label.grid(row=8, column=8, pady-(18,8))
P2_name_label Label(editor, text="P2 Name™) JBAVMMupdate.PNG
P2_name_label.grid(row=1, column=8)

ChipID name_label - Label(editor, text="ChipID Name")

DB.p v - -

al2.py VMMupdataDatabase.py  x PC » Windows (C:) » documents_Sorina > VMMhyhbrid

Name

_update.db

69 ChipID name_label.grid(row=2, column=8)

70 J2Pinl_label - Label(editor, text="J2Pinl Name™)

71 J2Pin1_label.grid(row=3, column=8) VMMalmostfinalSorina.py
72 J2Pin2_label - Label(editor, text="J2Pin2 Name™) VMMalmostfinal2.py

73 J2Pin2_label.grid{row=4, column=8) Mantas2.py

74 J2Pin3_label = Label(editor, text="J2Pin3 Name™) cheldona.ph

9c . i v=5_ column=0
> J2Pin3_label.grid{row=5, column=8) cheldonT.

= - ] P1 Name

Ciih |
78 record records: - P2 Name)
79 P1_name_editor.insert(®,record[8]) VMR Fi;: _u\n}ﬂ ChiplD Name)
P2_name_editor.insert(@,record[1]) upd PN 2Pin1 Name)

ChipID_name_editor.insert(@,record[2])
J2Pinl_name_editor.insert(8,record[3])
J2Pin2_name_editor.insert(@,record[4])
J2Pin3_name_editor.insert(8,record[5])

Esqlite3.0p J2Pin2 Mame)

J2Pin3 Mame)

upd
o c : \documen
SR xception
LEIEl Traceback
File "C:

return
Be File "vm
sli C.exec
[¥MR-qlite3.0p

ine 1883, in _ call_

drop
edit_btn - Button(editor, text-"Save Record", command-update)
edit_btn.grid(row=6,column=8, columnspan=2, pady=18, padx=18, ipadx=145)

: def update(): file c:\documen
ELEEF xception
Sl = ceback
File "C:

.}
[

94 conn = sqglite3.connect('VMM_update.db’) on maihs ine 1883, in _ call
95 = cer File "VM

c = conn.cursor()

C.exec p, :ChipID, :J2Pin1, :J2Pin:

:; oUps.g .
- sgqlite3.0p
98 record_id = delete_box.get() Exception
95 S Traceback
i c.execute(""" ChipIDes hen File "C: ine 1883, in _ call
P1_name =:P1, return
File "VM

P2_name =:P2, .
ChipID =:ChipID, an;;ifsqli:égxgg
32Pin1 -:32Pind, -
J2Pin2 =:12Pin2, pntacts (] -

J2Pin3 =:J2Pin3 electronics at the ney

. 2w eceive error Al fole
oid =:o0id N

11@ 'P1": P1_name_editor.get(),
11 P2 P? name aditnr oot}

¥ Aa we ( 0 [ addresses Find Find All

J Line 211, Column 3 ab Size: ython
[ Line211, Col Tab Size: 4 Pyth



Programming State Diagram (1)
HDMI cable onJ2

@7 | PWR-EN=Off | | CLK-EN=Off | | AMUX-EN=ON | | GND-EN=OFF

\ 4

12C-1:MUX1=7,MUX2=0 |+ ADC1:Read/Store GNDpin2

Y

12C-1:MUX1=7,MUX2=1 (> ADC1:Read/Store GNDpin5

12C-1:MUX1=7,MUX2=2 > ADC1:Read/Store GNDpin11

12C-1:MUX1=7,MUX2=3 + ADC1:Read/Store GNDpin17

T >
<=2

all Yes While >1 No

GND-EN=ON switch messa‘ge field on

\ 4

“HDMI cable bad or badly inserted”
“Insert cable and push Start again”
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Programming State Diagram (2)

2

12C-1:MUX1 =0 — ADC1:Read/Store <datal_P>

12C-1:MUX1 =1 — ADC1:Read/Store <datal N>
I
12C-1:MUX3 =0 — ADC2:Read/Store <Trg/Ctrl_P>
I

12C-1:MUX3 =1 — ADC2:Read/Store <Trg/Ctrl N>
|

12C-1:MUX3 =2 —| ADC2:Read/Store <data2_P>
|

12C-1:MUX3 =3 — ADC2:Read/Store <data2 N>
|

12C-1:MUX3 =6 —| ADC2:Read/Store <Clk_P>

v

12C-1:MUX3 =7 —  ADC2:Read/Store <Clk_N>

all Yes While >1 No
| CLK-EN =ON ‘ switch message field on
l 3 10 sec “error on signal < xxxxx > ”
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Programming State Diagram (3)

lp2(Ampere) = 2(P2a-P2b)/0.22
P2 = 2*P2b(Volt) —Ip2*0.55

3
PWR-IIEN=ON
I2C-1:I\2UX1=3 ADC1:Read/Store P2b
12C-1:MUX3=4 ADC1:Read/Store P2a
12C-1:MUX1=4 ADC1:Read/Store P1b
12C-1:MUX3=5 ADC1:Read/Store Pla

lp1(Ampere) = 2(P1a-P1b)/2.7
P1=2*Up2(Volt)-lp1*1.1

switch message field on

“Please insert Cable to J3 and push start”

2/10/2020

p1>03A [/ Ip2>1.8A

P1 <3V P2 <1.75V
P1>4V P2> 2.5V

v Y Y

switch message field on

PWR-EN=OFF

S Popescu, H Muller et al

“Power problem on <...> test stopped”
“fix problem before new test”




Programming State Diagram (4)

4

-

PWR-EN=ON

CLK-EN=ON

AMUX-EN=OFF

GND-EN= ON

Y

12C-2: scan all devices
uPython :i2c.scan()

\ 4

|

| switch message field on

“ID = xyx decimal “

=

2/10/2020

|

5

Store address of all devices
found
[33, 72, 73, 80, 88]

:

Readout ID chip @ 88
128 bit => shorten to 64

Devices
found ?
\ 4

-

switch message field on

“I12C did not find any device
test stopped, fix problem and try again “

PWR-EN=OFF

S Popescu, H Muller et al




Programming State Diagram (4)
HDMI cable onJ3

5

@ PWR-EN=Off | | CLK-EN=Off | | AMUX-EN=ON | | GND-EN=OFF |

. same sequence as (2) and (3)

N/ p1>03A [/ Ip2>1.8A

___
\

PRINT Label P1<3V P2 <1.75V
P1 >4V P2> 2.5V
v Y Y

switch message field on

STOP

A

PWR-EN=OFF “Power problem on <...> test stopped”
“fix problem before new test”
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VMM handling after test

Case A QA passed => place OK label on VMM and store in Accept box
Case B QA failed => place BAD label on VMM and store in Verify box
Case C Test stopped: power failure => store VMM in Power BAD box
Case D Test stopped: ID scan failed => store VMM in ID check box

‘ < > verify/repair/re-test

> -

good VMMs bad VMMs



VMM Rev. 4.1 SRS Tech.

QA passed -J2, QA passed -J3
01/05/2020

Ser.30128 724 100 16 0 97

" J

I_a bel ‘ | n g / \yerted from 64 bit HEX

Place transparent labels here ( VMM flat backside )

Labels =38.1 x 21.2 mm Transparent
(Labels Avery code L7551-25)

: Serial
Ox1e Ox80 Ox7 Ox18
0x64 0x10 Ox0 0x&1

. tested OK 1.5.2020
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