
VMM hybrid test Software  for 
uPython-driven test card
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VMM hybrids from factory
COOLERS NOT YET MOUNTED

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



1st 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.
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Spartan FPGA programming via ISE
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Connect Xilinx dongle via Hybrid adapter 

and if LED is green select VMM2 firmware bitfile in ISE 

IMPACT software

As PROM, select   AT45DB161E

Wait until programming is completed
Ca. 2 minutes



2nd step 
VMM hybrids , COOLERS mounted
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3rd test  via VCT  box
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VMM set up test via VTC
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Hybrid under test

VTC

Laptop:
-VTC control GUI
–Windows MacOS
-SQL db
-Label printer

USB

6V  AC adapter

HDMI AD cable



VTC card block diagram

2/10/2020
S Popescu, H Muller et al
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MicroPython card
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Windows 10
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Reset

Clk out

HDMI AD cable

10M



uPython card  
( https://store.micropython.org/product/PYBD-SF6-W4F2)
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Bottom side with W-bus connectorsTop side with USB and Wifi antenna

The chosen MCU card is a IoT 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 I2C devices. Powered via USB, with  bottom side WBUS extension connectors. 
Very good documentation on micropython.org 32 it MCU, manuals, debugging tools High level libraries etc
from ST Microelectronics ST.com

RESET

USER

USB

LEDs

Micro 
SD slot



Photo of  VTC card 1.0 with PYBD
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DCDC power converter

Status /address LEDs

HDMI cable port -> VMM

Plugged 
Python Card
with USB, 
Wifi and SD 
card

Input power jack (6V)

I2C bus  plug 40 MHz clock coax



VMM Current and Voltage measurement

P2 is the main VMM power driving the 2 VMM3a ASICS. The nominal current is 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 I2C 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
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Principle Voltage / Current measurement
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VMM AUX 
connector

P2

GND

P1VMM

J2

J3

DCDC 
generator

LDO

VTC

+6V

Pwr_EN

LEDs: red: +6V OK
Green: VMM Pwr enabled

R2

R1

P2aP2b

P2

P1a
P1b

P1

3.17

P1 and P2 Voltages measured
on the hybrid AUX connector

between GND and P1 or P2 pin

Current resistors R1 and R2

2m HDMI Molex cable
Rcablep1 ~ 1.1 W
Rcablep2 ~ 0.55 W

DUP2 = Rcablep2 * IP2
DUP1 = Rcablep1 * IP1

0.22W

3.3W

DU/R2= IP2

DU/R1= IP1

P2>=1.75V
P1>=3V

The VTC can only measure P2a,P2b,P1a,P1b  for all Voltage and  Current mesurements . For 
determination of P2 and P1 Voltages at the hybrid, the constant Voltage drops over the cable 
DUP2,  DUP2 must be determined. This can be calculated either knowing the  cable resistances 
Rcablep1 and Rcablep2 or by measuring DUP2,  DUP2 once via a DVM. 



Test 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

• -> 1st test OK or failed

Level 2

• Enable  40MHz  and 2 power lines to VMM , generate power cycle 

• Measure voltages and currents P1 and P2

• -> 2nd test OK or failed

Level 3 (more advanced)

• Perform I2C device scan ( via HDMI though Spartan FPGA on hybrid)

• List all devices found

• If ID chip found, read unique identifier 

-> 3rd test OK or failed
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All basic test procedures 
are written in uPython
and execute on Python plugin card 



Principle Ohmic line measurements 
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VMM

J2

J3

Default HDMI  
micro connector

Secondary HDMI  
micro connector

VTC GND

1M

MUX1

UADC1= ADCbit * ADC1()1M

MUX3

Rline[W]=  UADC/ 0.33uA 

Gnd

+3V3

Rx = 1M (
𝑈

3.3𝑉 − 𝑈
)

MUX_EN

MUX2

UADC [V] = ADC counts  * 0.805 mV  

REGs
I2C

Addresses  Mux1,2,3

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.

line x

Ohmic resistance of line x

Note: the purpose of the measurement is not to determine the exact ohmic value
It is rather an order of magnitude determination for 3 ranges:  less 5W, O(1-5k), greater 1M 

UADC2= ADCbit * ADC2()



VMM hybrid with I2C devices
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I2C devices on VMM hybrid

72dec

73dec

80dec Eeprom
88dec ID chip

33dec Geo Chip
so far only implemented
on prototye

I2C scan from
VTC /PYBD
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Example of a  uPython screenshot:

Serial Number readout from ID chip

….continued

This is unique 128 bit number of the ID chip
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uPython screenshot: (1)

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 data1, M/S



GUI via TKinter
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START
J2 conn.

Pin1 OK

Pin2 OK

Pin3 OK

J2 (default port)

Pin19 OK

.

.

.

.

.

.

.

Power P1,P2

P1 = 3V,0.2A 

J2 test complete
OK

START
J3 conn.

J3 test complete
Error

P2 = 3.6V, 1.5A 

I2C scan VMM 

ID= 0xFFF0x3 

uADC -1 found  

uADC -2 found  

IC chip found  

Pin1 OK

Pin2 OK

Pin 3 Error

Pin19 OK

.

.

.

.

.

.

.

J3 (Slave port)

J2 port 
M/S = 1K 
Data2_P =16M
Data2_N= 14M
Data1_P =12M
Data1_N =11 M
CLK_P= 27M
CLK_N= 28M
Trg/Ctrl_P = 28M
Trg/Ctrl_N = 18M
GND line 11 = 2 W
GND line 17 =1.8 W
GND line 5 = 2 W
GND line 2 =2.1 W
J3 port 
M/S = 1K 
Data2_P =16M
Data2_N= 14M
Data1_P =12M
Data1_N line  8W (  should be >10M )
CLK_P= 27M
CLK_N= 28M
Trg/Ctrl_P = 28M
Trg/Ctrl_N = 18M
GND line 11 = 2 W
GND line 17 =1.8 W
GND line 5 = 2 W
GND line 2 =2.1 W

Measurement field

Print label

Chip found at 0x39 

Pin 4 OK

blink

blink

blink

Please connect HDMI cable to hybrid J2 Message  field

Suggested layout:

VMM 
Power
On /off 

Aux. buttons

VMM 
ID readout

Label Print
ID readout







Programming State Diagram  (1)
HDMI cable  on J2
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START J2 PWR-EN=Off CLK-EN=Off AMUX-EN=ON GND-EN=OFF

I2C-1:MUX1=7,MUX2=0 ADC1:Read/Store GNDpin2 < 5W

I2C-1:MUX1=7,MUX2=1 ADC1:Read/Store GNDpin5 < 5W

I2C-1:MUX1=7,MUX2=2 ADC1:Read/Store GNDpin11 < 5W

I2C-1:MUX1=7,MUX2=3 ADC1:Read/Store GNDpin17 < 5W

N

N

N

N

GND-EN=ON

all Yes While >1  No

switch message field on

“HDMI cable bad or badly inserted”
“Insert cable and push Start again”

2
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Programming State Diagram  (2)

I2C-1:MUX1 =0 ADC1:Read/Store <data1_P> > 10MW

2

I2C-1:MUX1 =1 ADC1:Read/Store <data1_N> > 10MW

I2C-1:MUX3 =0 ADC2:Read/Store <Trg/Ctrl_P> > 10MW

I2C-1:MUX3 =1 ADC2:Read/Store <Trg/Ctrl_N> > 10MW

I2C-1:MUX3 =2 ADC2:Read/Store <data2_P> > 10MW

I2C-1:MUX3 =3 ADC2:Read/Store <data2_N> > 10MW

I2C-1:MUX3 =6 ADC2:Read/Store <Clk_P> > 10MW

I2C-1:MUX3 =7 ADC2:Read/Store <Clk_N> > 10MW

N

CLK-EN =ON

all Yes While >1  No

switch message field on

“error on signal  <   xxxxx >  ”

N

N

N

N

N

N

N

3
10 sec



Programming State Diagram  (3)
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I2C-1:MUX1=3 ADC1:Read/Store P2b

I2C-1:MUX3=4 ADC1:Read/Store P2a

I2C-1:MUX1=4 ADC1:Read/Store P1b

I2C-1:MUX3=5 ADC1:Read/Store P1a

PWR-EN=OFF

switch message field on

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

4

3

PWR-EN=ON

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

Ip1(Ampere) = 2(P1a-P1b)/2.7 
P1 = 2*Up2(Volt)-Ip1*1.1

Ip2 >1.8A

P2 < 1.75V
P2> 2.5V

N
Ip1 >0.3A
P1 <3V
P1 >4V

N

STOP

Y Y

“Please insert Cable to  J3 and push start”

switch message field on



Programming State Diagram  (4)
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4

PWR-EN=ON CLK-EN=ON AMUX-EN=OFF GND-EN= ON

I2C-2: scan all devices
uPython : i2c.scan()

Store address of all devices 
found

[33, 72, 73, 80, 88]
Devices 
found ?

Y

switch message field on

N

“I2C did not find any device 
test stopped, fix problem and try again “ 

STOP PWR-EN=OFF

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

switch message field on

5



Programming State Diagram  (4)
HDMI cable  on J3
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5

START J3 PWR-EN=Off CLK-EN=Off AMUX-EN=ON GND-EN=OFF

same sequence as  (2) and  (3)

PWR-EN=OFF

switch message field on

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

Ip2 >1.8A

P2 < 1.75V
P2> 2.5V

N
Ip1 >0.3A
P1 <3V
P1 >4V

N

STOP

Y Y

PRINT Label



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    
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good VMMs bad VMMs

verify/repair/re-test



Labelling
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Place transparent labels here ( VMM flat backside )

VMM Rev. 4.1  SRS Tech.
QA passed -J2 , QA passed -J3 
01/05/2020
Ser. 30 128 7 24 100 16 0 97

Converted from 64 bit HEX

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


