Power dip and other effects on abcd vdd  Tony Smith may 00





Used Non optimised hybrid grounding to allow investigation of power effects. More interested in investigating oscillation rather than attempting to kill it  








	12 abcdNT chip forward beryllia hybrid 


	


	no detector 


	


	grounds are separated except at the common star ground 


	


	no bonds between the grounds along the length of the 	hybrid 


	


	Chips not trimmed





	Chips are arranged:





		M0 -- S1 -- S2 ------ S3 -- S4 -- S5


		SD -- SC -- SB ------ SA -- S9 -- M8


	


	Power feed is in the centre


	


	Clock and data are driven electrically via DORIC and 		LDC.


	


�






Observe  oscillation below a 120mV !! threshold with 				some combinations of chips. 





However 





		stable if all chips on top side powered





		stable if all chips on bottom side powered





		stable if 8 chips in centre powered





		almost stable if any five chips either side of centre 


		are powered





		oscillates if 6 chips powered on left or right side with 		no chips on other side of centre.





====>>	implies that: the supply input point has a low enough 		impedance to isolate the two halves of the module to 		some degree





		Perhaps not so suprising:


                          supply traces narrow at centre main decoupling 			cap  (470nF) main decoupling cap is directly 			across the supply here.





Question - if these two halves are so isolated then does this explain why some modules oscillate only when a detector is connected, the two halves then being joined by a common feedback path via the detector ?





===>>> without a detector, oscillations must involve power 			supplies


�
What do we see across the power supplies?


 


                clipped a scope probe on to the supplies across 			decoupling caps on the hybrid





		 All you can see is a LOT of noise. 





		Averaging is of little use as the main pickup


		is mainly from the clock and data at a very high level





====>>> ground lead (about 6cm) too long





	made a small brass clip for scope probe 


		ground path now <1cm





Now it was possible to observe the truth





	Nothing significant so far across VCC and analog


	ground..





	Vdd line is a very different story. Here we see a number 	of effects which are significant.





	First is a fast 25mV/125ns transition on the vdd line just 	after a trigger and before the readout starts.


	


	There are other dips as the chip is set up but whilst they 	are of similar magnitude, the fall time is greater and they 	would not be present during data taking.





====>>> could cause problems in the system   --- high speed 		low source impedance -- almost impossible to  filter 		will appear on outgoing cables from every module


		just after a trigger 











POWER DIP  is large magnitude current change - 





			voltage and impedance measurements suggest 			1/4 Amp per module 





		this could create problems in several ways





		For the tracker





			direct capacitive injection into the overlying 			strips





 			injection into the analog supplies or other 				signals in the stacked power tapes 





		For other detectors





			Radiated RF from SCT cables 						could interfere with other equipment.





Where does it come from:





		Caused by power saving in chip design - clocks to 		readout logic block only enabled during readout.





 		Simulations confirm measurements of 20mA/chip





What to do 


		


		try to filter	 (4 terminal caps ?)





		change chip and accept extra 1W dissipation 





		prove its not a problem     -------- Other ideas?????











Current calculation








The decoupling on Vdd on this hybrid uses an AVX


0.1uf 0603 16v X7R cap at each chip pair plus 1 (7 total) plus an AVX 470nF 0805 X7R at the power entry ( we did our measurements across this cap).





Given the total capacitance on the hybrid is of the order of 1.2uF





( there is no large tantalum capacitor on the hybrid - we should use these as they fail short circuit - 10uf was tried and made no great difference)





 the current pulse here calculates to be (i=CV/t = 1.2e-6 * 25e-3 / 1.25e-7) 240mA or roughly 20mA per chip 





Capacitor specs: 





 http://www.avxcorp.com/docs/masterpubs/mccc.pdf">(AVX


- go to page 9) there is no information on the self resonance


for these particular caps but a 0.1uf 0805 cap shows a self resonance between


10 and 20 MHz so the 0.47 cap can be expected to have a somewhat lower


frequency - the effective series resistance at the resonance can be as low as 0.1 ohms.


























How does the hybrid decoupling network perform ??





We decided to investigate the impedance versus frequency behaviour of the hybrid to see if there were any resonances


and to give some idea of the decoupling effectiveness of the hybrid, chips and power supply as a system.





To do this we used a Tektronics FG504 40MHz function generator to inject a 14Vp-p sinewave via a 470 ohm resistor across the digital supply.





 Between 10KHz and 8Mhz the signal on the supply was around


18mV p-p - calculating the impedance of the supply this then comes to (470 * 18e-3/ 14=) 0.6 ohms in this bandwidth. 





However between 8 and 27 MHz


two broad resonances were apparent  Check:





		additional capacitance has very little effect. 				presumably series L of connections too high





		No significant change to this trace occurred if the 			support card supply was turned off i.e. - no clocks 





		sweep generator is async to system clock and scope 		trigger so not fooled by aliasing





		 ferrites around the supply leads or around a single 		lead does not change the picture





>>>> this is a real effect caused by the combination of the 			hybrid traces and decoupling components


>>>> Hybrids exhibit frequency dependent characteristics








Questions:


 


	Does it matter if hybrids have resonances in the supplies? 





	What do other hybrids look like ??





	Would adding lower value decoupling capacitors with


	higher self resonant frequencies help? 





	Is trace inductance/resistance the limiting factor in the 	supply impedance?





	Would it be a good idea to scan all hybrids to look for 	resonances as part of the standard module testing??








The above is interesting but it is not clear what it tells us unless


we see oscillatory effects at the resonances. .








BUT  we do see oscillatory effects at one resonance peak........











�



MORE interesting things at low thresholds 





 a case for two oscillatory loops including the comparators, with and without the amp/shaper and the digital supply.





	At low thresholds the digital supply voltage dips at around 	12.5MHz as we sweep the injected frequency 





	At a fixed injected frequency of 12.5 MHz the


	supply current increases - from around 600 to 800mA





	When oscillation at low thresholds is present then there is 	an observable low frequency oscillatory signal across the 	digital supply.


.


	At low thresholds a  high frequency approx 12.5 Mhz 	20mV signal is also 	present between the analog and 	digital grounds at the end of the module 





	Self oscillation of the module is dependent on the number 	and position of the chips which have analog front ends 	switched on. 





	Chips on a common arm of the supply are less closely 	coupled to those on the other arm


	(does this explain the occasional presence of two 	independent frequencies when low frequency oscillation is 	observed?)





===>>>> the digital supply is involved in the oscillatory loop at low thresholds.

















The low frequency oscillation varies from 2.1MHz down to 200KHz - well below  the bandpass of the shaper.





===>>>>> the shaper is not involved in the low frequency oscillatory loop





DC power in the VDD line increses if the module is forced into HF oscillation.





Stimulated power supply current draw at 12MHz correlates well with increasing threshold up to the point where the threshold is high enough to stop oscillation in the unstimulated condition.





=====>>>>> The energy in both the HF and LF oscillation is provided by the DIGITAL supply 





=====>>>>> the comparators are oscillating in harmony





�






What can be done????





Reduce the source impedance of the supply 





         This would be an attempt to reduce the loop gain      	remember we already have a measured 0.6Ohm source 	impedance in this setup which is 	pretty low already


	It is possible that this could be reduced by using low 	inductance 4 terminal capacitors at each chip - or 	decreasing trace impedances. 





Add capacitance 








	For the low frequency oscillation	the most likely effect is 	that we will simply lower the frequency at which the 	module oscillates. this is particularly likely if the shaper is   	not in the loop 	because there is no frequency dependent 	term in the gain 	loop..





Utilising smaller capacitance decoupling caps at each chip in 	parallel with the existing 0.1uF components is also 	unlikely to be of much benefit for the oscillation seen at 	12.5 Mhz as the trace inductances will most likely set the 	limit for the impedance rather than the intrinsic 	component inductance. This would not help at all at low 	frequencies


�



Throwing copper at the problem





Experimentally paralleling the analog and digital grounds and 	lower resistance traces are beneficial in reducing or 	eliminating on some hybrids.





	Given that there are two oscillatory loops operating and 	that the power to fuel the oscillation comes from the 	digital supply,then it would seem wrong to deliberately 	couple the analog and digital ground returns in a common 	impedance.





	 It may be that the coupling that is introduced by doing 	this is beneficial for either or both of the high and low 	frequency loops  but given the complexity of the 	phenomena it is impossible to be sure of the mechanism.





With this approach it is impossible to be confident that we have 	sufficient margin of stability that we can build many 	modules that do not oscillate. If, the comparator is in the 	loop then the gain of this is an uncontrolled 	parameter 	across production batches, or even from wafer to wafer. .


�






A quick and dirty fix 


	This is not intended as a real solution but if it is repeatable  	on different modules it is a guide to the real problem.


  


         On this module, if a 0.1uF capacitor is connected between 	Vcc and Vdd the threshold of the onset of oscillation is  	reduced .





         I suggest that the oscillation is due to the long tail pair in 	the comparator being placed between the analog


	and digital supplies. At low threshold and with sufficient 	channels connected together across the digital supply, then 	the change in current in the digital supply when the 	comparators switch causes sufficient voltage change in the 	supply to maintain oscillation.





         The capacitor across the supplies then reduces the  	difference in the supplies and makes the module more 	stable.





  	Why not do it in the experiment if it works? 





		remember the big dips we see on the digital 				supply!  These would be injected into the analog 			supply


 �





















Can we change the chip design??





	If the comparator could be made less sensitive to the 	digital supply voltage variations then this may solve 	the problem.








Question 





If modules can be made which show little or no oscillation at low thresholds do we really need to worry about it ??? 





I can only answer this with more questions:





can we guarantee that future batches of chips will behave as those in test modules given that the performance is demonstrably marginal.





In stable modules can use injected signals on the supplies as a technique to measure  the margin of stability?


