HCC Specification  V1.3.1

October 6, 2012 Specification in progress. 
Questions/Clarifications:   
1)  Can we  transmit SEND ID at 40Mbpbs on powerup  before the  PLL is enabled ?
2) Where do we apply  HCC special / broadcast Addresses?
3) Agree to set R3 module @  bit length  to 14.
4)  Sending a first L0  does anything      drop out of send ID???   Enable PLL??
5) Definition of PLL Lock.  
6) Special  interlock packet?     -- Probably just an error bit. 
7) Section VI Data Outputs  -  
a. Agree on Packet size ( 64bit??)  error bit added +??
b. Balanced code
i.   Scrambling what do we say??
ii. 8b/10b 

SCT upgrade electronics ASIC design group:

Francis Anghinolfia, Michal Bochenekb, Joel Dewittc,  Nandor Dressnandtb,Amogh Halgerib, Jan Kaplona, Michelle Key-Charriered, Daniel La Marrae, Mitch Newcomerb,  Krzysztof Swientekf,  Filipe Pereiraa
see footnote for institutional associations[footnoteRef:1] [1: a Institutional Associations   aCERN PH group , b Penn Physics Dept., c UCSC SCIPP lab , d RAL,             e Geneva Physics dept.  , f Krakow Physics dept.  
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I. Introduction
The Hybrid Controller Chip (HCC) is being developed in the IBM CMOS8RF 130nm process as a sister project to the ABC130.  It is an integral part of the upgraded strips readout architecture. The HCC is the interface between the stave service bus (stave side) and the front end ASICs on the SCT hybrids (hybrid side).   Each hybrid in the inner barrel will service one half of a sensor, 2560 strips with 10, 256 channel FEIC’s   (ABC130).    The plot in Figure 1 below shows the intended implementation of the HCC  in the stave hierarchy.   The HCC offers a high impedance drop point for the control and clock lines bussed along the stave.  It also gathers the serialized data from the front end chips and drives a point to point connection back to the End of Stave Controller, the GBT. 
[image: ]Figure 1  The  HCC provides the interface between the stave service bus and the  ABC130 ASICs  on  the  hybrid. 





 (
Figure 
2
   Block Diagram of the HCC with Hookup to Stave and ABC130.   The control signals 
( top
 right )are 
bussed
 to 10 ABC130 ASICs in parallel.  The HCC provides for two serial data loops using the Xon/
Xoff
 transmission technique (Lower right of the HCC).
)[image: ]A block diagram showing the general features of the HCC hookup is shown in Figure 2.
II. Basic Features

· HCC Addressing - Five hybrid address bits (A0-4) uniquely identify each HCC on the stave.   These bits are only transmitted off chip in Send ID mode. 
· Control, Clock and Data Signaling - All Control, clock and data lines use a form of Low Voltage Digital Signaling (LVDS).   
· Communication with the HCC-   HCC input signals generated by GBT Elinks at the End Of Stave (EOS) and bussed to all stave resident HCC’s (up to 28). Control signals are constructed at the driving end of the fiber in USA15.  No stave specific intelligence is required at the end of stave (GBT) to construct HCC control signals.   All hybrid control signals are received, interpreted and redistributed as required to the ABC130’s on the hybrid. 
· Time Multiplexed Control Signals - On both the stave and hybrid side two independent control signals (not clocks) are time multiplexed (phase encoded) onto each differential I/O pair at 80Mbps such that each control signal has a 40Mbps update rate  (see Figure 3).  Idle mode for Stave side commands  will be AC  balanced sending the code ‘010101’ when not active.
· Commands - the HCC interprets stave side commands downloaded on the L0_CMD input and responds to a subset of these for its setup and response to monitoring requests.  
· Stave Side Clock- The HCC monitors the stave side (40MHz) BC_Stave signal generated by the GBTand sent as a multi-drop signal to all HCC chips on the stave.  This BC related clock is used as the input to the on chip PLL with 40, 80, 160, 320 and 640MHz outputs.
· Hybrid Phasing –  Control and clock signals at the output of the HCC will have the provision for a single programmable delay based on the 640MHz clock.   This will be accomplished by sending the signals through a programmable length shift register.  
· Hybrid Control Signals - HCC generated Hybrid side control signals are bused to all ABC130 using low level differential signaling techniques similar to standard LVDS. Each line has a differential pair termination at the end of the line.  The differential drivers will be current programmable in 8 steps, 0 to 3.5mA to allow the circuit to be adapted to load and receiver conditions in various implementations.   
· Hybrid Side Clocks – The HCC will implement a radiation tolerant PLL that will create multiple frequencies for use in providing the data clock and phasing of the ABC130 pipeline to be in time with the arrival of interaction particles at the location of the hybrid.  The PLL will provide both a Beam Clock (BC) and a separate hybrid level data readout clock (DRC) with a common phased offset remotely programmed into the HCC.  The HCC clocks may be turned off to operate the FEIC’s in a Power reduction mode.  
· If time permits we will include an additional clock output with the ability to transmit at 160, 320 or 640MHz.  This will be used in conjunction with the planned Fast Cluster finding  block  in the ABC130. 
· Hard reset -- is made possible by holding the R3_L1 in the true state for 16 or more BC.    This is a special state where both the  R3 and L1  have the same value for 16 BC.  Hysteresis on the   R3_L1 receiver allows it to easily hold a logic state for an indefinite number of clock cycles.   
· Data Drivers-  Two current programmable point to point data drivers are available on each HCC.  These will connect in parallel to a single point to point data path on the stave from the HCC to a GBT receiver.   Data will be transmitted at either 160 or 320Mbps, the later will allow a much higher data throughput rate, but will require more than one GBT or a much higher bandwidth version.   To help maintain data integrity a selectable pre-compensation may be enabled. 
· AC Coupled Stave Side operation- When the hybrids are serially powered the operating voltages between the EOS and the HCC will vary by position, a difference of up to 30V may be realized depending on the length of the serial chain.   AC coupled stave side communications will be necessary.  The HCC receivers (except BC) will employ hysteresis to ensure memory of the last state on the AC coupled side[footnoteRef:2]. The HCC data drivers sending data to the GBT will also need AC coupling capacitors.  Since the GBT has no provision for hysteresis, area balanced communication techniques will be required to prevent common mode drift of the AC coupled GBT receivers.  Either scrambling or the more constrained 8b/10b encoding will likely be used.   It is foreseen to make the implementation of the coding technique selectable using a bit in a status register.  [2:   Sending a long Pulse ( two transitions) is sufficient to set the initial state of the AC coupled receiver.   The pulse duration should be several time constants for the coupling capacitor and input impedance of the receiver on the AC coupled side.   Estimated TC  ~200pF * 5K = 1uS] 

· Autonomous Monitor - The HCC will include a 7 channel monitor block with programmable upper and lower limits:  4 on chip quantities (input and regulated supply voltage, monitor bandgap and temperature) and 3 off chip quantities will be measured.  An out of limit measurement will set a status flag indicating which of the six monitored quantities are out of limit.  
· Interlock – The HCC may be programmed to disable the hybrid clock or the regulators on the front end ASICs when one of the six monitored quantities  is out of limit.  Two enables in two registers must be set to allow an interlock. Several conditions may be ORed to allow multiple sources of interlock. 
· General purpose bits -  Two off chip pads  may be programmed for miscellaneous purposes  such as switching off the HV to CMOS logic levels.
· Power Up Mode -   The HCC will power up with the Regulator control bits low and in a “Send ID” mode where the wired HCC address and contents of the status register are transmitted repeatedly @ 40Mbps.   Contents of the other setup registers are given in the text and tables below.  
  
III. GBT Generated Stave Side Signals -   The GBT will reconstruct signals (data/clock/commands/triggers) transmitted from USA15 over a fiber optic link to the End of Stave.
a. BC_Stave – 40MHz BC clock. Used as the base clock for all HCC and ABC130 operations.  A PLL in the HCC will provide a 640 MHz internal clock to be used for phasing the clock going to the Hybrid in steps of 1.6ns. 
b. L0_CMD   (80Mbps) 
1. L0 (40Mbps)  - Idle Low.  Issued on the rising edge of the BC clock (First half cycle of the BC).  L0 is a beam synchronous signal sent at a fixed number of BC following the event of interest such that the data from that event are in the ABC130 pipeline output buffer. L0 is used by the ABC130 logic to signal the transfer of data in the pipelined “L0 buffer” to the random access L0ID Buffer and increment the L0ID. The L0 signal is sent to all hybrids and processed by all ABC130 in parallel.   L0 is held true for at least one BC.
2. CMD (40Mbps) Idle Hi - Issued on the falling edge of the incoming BC_Stave clock (Second half cycle of the BC clock). This signal channel includes commands for both the ABC130 and HCC. See ABC130 Specification document for command structure. 
     (The HCC command list is under development Q3, 2012).
c. R3_L1 (80Mbps)
1. R3 (40Mbps) Normally Low -The Regional Readout Request (R3) sequence is transmitted on the rising edge of the incoming BC_Stave clock (First half cycle of the BC clock.) to prompt the readout of data stored in on-detector memory from a specific region of the detector. The R3 transmission contains 3 fields, listed below that include the module address and memory address of the data in the on-detector L0ID memory.   R3 is expected to be issued within ~50µS after the event data is stored and before that data is requested for readout.  Note that only a small percentage of the detector readout requests will be preceded by a local R3. The 14 modules of each stave are represented as 14 bits in the second field of the 26 bit R3 bit stream. The HCC constructs it’s bit position based on the address set by the HCC hard wired connections A0-A4 and tests the corresponding bit in the incoming R3 module address stream for a bit true match.  If detected the HCC will broadcast an R3s to the ABC130 chips on the hybrid to initiate the readout of data stored in the ABC130 L0ID memory  corresponding to the serialized value in the R3 L0ID field. (R3s retains only the L0ID address for the ABC130 on the selected hybrid).  With the non destructive read scheme built into the ABC130  it is possible to request data multiple times and in any order. See ABC130 specification document.  
2. R3 fields:  26 bits, 3 fields  (650ns @40Mbps) 
(1) Header:   3 bits, 101
(2) Module Address Bits:  14 bits, one for each module
(3) L0_ID:    8 bits L0ID
(4)  Trailing Zero bit
3. L1 (40Mbps) Idle Hi Stave Side - An L1 sequence is issued on the falling edge of the BC clock (Second half cycle of the BC) to request a full detector readout. L1 is appropriately phase shifted and retransmitted to the ABC130 FEIC’s without intervention. The L1 sequence consists of 2 fields, header, L0ID and trailer listed below. The L0ID specifies the address of the data in the local ABC130 memory. See explanation of the ABC130 readout. 
   L1 fields: 12 serial bits, 3 fields  (300ns@40Mbps)  arbitrary but limited   delay from event crossing.  
(1) Header:   3 bits, 001
(2) L0_ID:      8 L0ID bits  (High=1=true here…)
(3) Trailing 1 bit
4.  Hard Reset - Switching the R3_L1 line true on both phases for 16 BC’s will initiate a Hard Reset.
Balanced Stave Side code during Idle   – The phase encoded signal pairs R3,  L1 and CMD, L0  have opposite logic states during idle. This will result in an AC balanced code during idle operation.  
IV. HCC Hybrid Side Common Signal definitions  - 
General Considerations - Hybrid side communication between HCC and FEIC’s  is DC connected so no provision for alternating logic levels during idle is required.   Hybrid side clocks and control signals are distributed using multi-drop LVDS techniques, scaled for the 1.2V operating voltage. Each signal is individually delayed in programmable 1.6ns steps to ensure proper BC timing and accurate data registration.  
a. BC - A 40MHz beam synchronous clock, phase adjusted (set in delay register @#3) to account for the time of flight between the interaction point and the local sensor position to ensure a detector wide common BCID for event data.  BC also serves to provide the phase information for time multiplexed control signals. Low Power Mode – The hybrid side BC may be turned off by an HCC command as a failsafe to reduce  digital  power dissipation in the ABC130’s resident on the  hybrid.  
b. DRC - (Data Rate Clock) A selectable 80 or 160MHz clock used to clock serial data transmission between ABC130’s and the HCC. As with the other hybrid side signals  delay of the DRC is programmable in 1.6ns steps (delay register @#6).  (@160Mhz one clock period = 6.25ns)
c. Fast Clock - A separate clock output for the fast cluster finder with programmable   80, 160,320, 640MHz outputs to be routed to the ABC130 ASICs on chip.  
d. L0_CMD -  Delayed by a fixed amt set in the control register @#4  delay register
i. L0 is normally (non active)  low    signals the ABC130 to store the contents of the pipeline in the L0 buffer and increment the address. 
ii. CMD is normally (non active) low   described  in section IX  controls the setup, functional  behavior, readback and mode of the HCC. 

e. R3s_L1 -   Delayed by a fixed amt set in the control register @#5  delay register  
i. R3s normally (non active) low  is a shortened version of the stave side signal R3 the HCC will strip off  the module address field (14 bits) once it recognizes a match with its physical address. The total length of R3s is 12 bits.  
ii. L1 normally (non active) low   is passed through the HCC with a  delay programmed in the delay registers in 1.6ns steps.   
iii. Reset – Hard reset will be used internally and passed through to the HCC to the ABC130’s by holding the R3s_L1 Line True for 16 consecutive beam crossings.    
V. Hybrid Side Data collection
a. ABC130 Serialized Data -  Serialized Data received from the FEIC’s may be incoming from any or all of 4 possible data input ports and must be sorted into a single output stream and routed to the selected encoder as shown in Figure 3.   Priority encoding is used to ensure that data collected from the various hybrid side streams is gathered uniform rates.   As presently conceived, hybrid data is collected from two serially connected bi-directional loops of 5 ABC130 ASICs.   Each of the 4 loop connections to the HCC can be an input.  

b. Data from the HCC monitor, control and status registers must be interleaved with Hybrid FEIC data.  This may be left to non beam periods such as beam gaps.

c. [image: Data_Concentrator_BlocDiagram_new.pdf]Transmit address mode- A send ID mode may be invoked to allow proper identification of the hybrid data stream all the way through the DAQ chain.  This may be sufficient to allow the hybrid address bits to be dropped from the output during normal data taking.  
 (
Figure 3 Block diagram of the HCC   data 
concentrator  under
 development by  University of Geneva.   Two loops of ABC130 ASICs on the hybrid may be programmed to send data to the HCC through any of 4 input ports.   The diagram above indicates the function of the Data Concentrator block to organize the hybrid FEIC data for transmission out to 
the  
stave
 side driver. 
)

VI. Data Outputs   --  This section should be updated to indicate the packet size and any bits added by the HCC  to Data packets.

a. Stave side Data format – 
i. Data Packet 
A 64 bit format has been  proposed (Sept 2012), but not agreed on:                                                       <TBD> <HCC up/down><HCC left/right><ErrorFlag><60 bits ABC130 packet>    A 64 bit HCC packet is well suited for 8b/10b conversion      64b  80b  
ii. Balanced Code - For use with serial powering, the GBT will need to be AC coupled to the Hybrid data lines.   Since there is no provision for hysteresis at the GBT inputs some form of balanced code will be required.    Two options are being investigated.   
1. Scrambling – a communications industry technique to add transitions to remove long periods without transitions in the digital data.
2. 8b/10b or other more formal coding techniques with significant overhead and data organization requirements.  
b. Stave side Data Drivers - The HCC houses two data drivers  available on the stave side for point to point data transfer to the EOS (GBT). Either or both may be programmed to output data to the same copper pair on the stave.  It is expected that their outputs will be coupled in parallel to a single stave side data pair to minimize stave bus cable mass.  The Stave side drivers will set a common mode output via internal resistors at ~0.6V.  These drivers will transmit data at 160 or 320Mbps.   As an aid to compensate for the loss of high frequency content in the  data transmission down the stave a programmable  pre-compensation function will be available that injects extra charge at the leading edge of the each data transition. 
  
i.  
VII. GPIO -    The HCC will have  2 general purpose Digital CMOS  outputs programmable from the HCC control register.  These may be useful for controlling High Voltage or other digitally controllable signals.  

VIII. PLL -    We plan to implement the TimepixIII PLL (October 2012) designed by Bonn..     The PLL will use the Stave_BC to create multiples of this clock based on it’s 40MHz base frequency.

a. PLL Lock -  An SEU  tolerant  definition of PLL Lock  proposed ( by Penn):
Use counting technique -  Incoming 100 BC rising clock edges matched to outgoing 800 320MHz clock rising edges.    Define a counting error as 2 or more missed edges. 
         ie. Each counter block counts 100BC and checks 320MHz counter for 
               accurate value.  799,  800 or 801.
Two such counter blocks operate in parallel phased apart by 50 BC.  To alleviate an SEU that spans consecutive sets of 100BC.  Two or more successive counting errors in  both out of phase blocks results in  loss of lock.
· Lock may be regained but there should be a latch or counter that preserves the history of lock loss.            

b.  The highest frequency 640MHz clock will be made available to drive a counter based hybrid side clock and related control voltages. 

IX. [bookmark: _Ref337060047]Command Decoder -  The HCC command decoder will be based on the command decoder designed by  Joel  Dewitt for the  ABC130.  Work on this part should begin in late summer 2012.  A rudimentary set of commands is listed next:





( not clear  that we need the  “Steps” distinction below. )
		Function  (COMMANDS)
	Steps 
	R/W 
	bits 
	Purpose 

	Soft Reset 1 
	1 
	Write 
	1 
	Simple reset of error flags 
( includes monitor error flags) 

	Soft Reset 2 
	1 
	Write 
	1 
	Set Default/powerup state 

	SR Read 
	1 
	Read 
	32 
	Non intrusive Read of Status register 

	SR  Read&Clear 
	1 
	 Read 
	32 
	Read Status Register clear latched error
 bits 

	Send ID Mode
	1
	Read
	32
	Leading 0 + 3XHCC@ bits + 16MSB SR

	CR read 
	1 
	Read 
	32 
	Control Register Read 

	CR write 
	1 
	Write 
	32 
	Control register Write 

	Set Monitor Limits N
( N: 0, 6)    1 for each of 7
Monitored Quantities
	1
	Write 
	32 
	10bits Low, XX,    10bits High,XX  
XX are two Bit enables  that are part of
 the interlock enable.   See XIII.b

	Monitor Data Read N
(N:0,6)

	1 
	Read 
	 
	 Read Sense Data from  Autonomous Monitor 

	Write Test Data 
	1 
	Write 
	32 
	Set data to Loop back to  control room 

	Read Test Data 
	1 
	Write 
	32 
	Send  HCC packet of Known Data with HCC @# 







X. Status Registers
		Bit 
	
	Description 

	0 
	
	PLL Lock     1= locked 

	1 
	
	Packet bit count error    ( The HCC may test the length of incoming packets.)

	2 
	
	SEU error Detected    (  Read an SEU counter(s) ?) 

	3
	
	= 1  if  Hybrid Clock is ON      =0, OFF

	4
	
	= 1 if Hybrid Regulators are ON     =0, OFF

	5-11 
	
	Error in  Monitor Limit N     error bit  corresponds to  monitor  (N-5) 

	
	
	








XI. [bookmark: _Ref334918015]Control Registers
@#1   Bit Controlled Functions
		Bit # 
	Function 
	Default 
	Description 

	0 
	Use PLL Clock 
	0 
	=0  use incoming clock on HCC 

	1 
	Power on/off  FEIC’s 
	0 
	=1  for  FEIC regulators enabled (ON) 

	2 
	Stave Data Rate Set 
	0 
	=0 for 160Mbps   = 1 for 320Mbps 

	3 
	Data Driver 1 Enable 
	1 
	=1 for enable 

	4 
	Data Driver 2 Enable 
	0 
	=1 for enable 

	5 
	 Hybrid BC Clock Enable 
	0 
	=0 disable  =1 enable

	6 
	 Hybrid Data Clock Enable 
	0 
	=0 disable  =1 enable 

	7
	Hybrid Side Data Rate
	0
	=0 for 80 MHz   =1 for 160MHz  

	8 
	Loop 1a   Receiver On 
	1 
	=1 for enable 

	9 
	Loop 1b   Receiver On
	0 
	=1 for enable 

	10 
	Loop 2a   Receiver On
	1 
	=1 for enable 

	11 
	Loop 2b   Receiver On
	0 
	=1 for enable 

	12-14
	Special Modes Data Concentrator
	???
	

	15
	Reserved
	
	

	16
	Enable  Hybrid Side Fast Clock
	=0
	=0  off   =1 on

	17-19
	Set Fast Clock  Rate
	000
	0,1,2,3,4 =>  off, 80,160,320,640

	19-23
	Reserved
	
	

	24
	Enable  Regulator 1
	0
	= 1 for enable

	25
	Enable Regulator2
	0
	=1 for enable

	
	







@#2  Driver  Current  / GPIO Register /BandGapAdjust
		Bit# 
	Default 
	Function 

	0-2 
	100 
	Data Driver  1 current set   0 to 3mA

	3-5 
	100 
	Data Driver 2  current set 

	6
	0
	Driver Pre Emphasis Bit

	7
	0
	Reserved

	8-10 
	100 
	Hybrid  Control Data current set

	9-11 
	100 
	Xon/off  drivers  

	12-13 
	00 
	GPIO  bits 

	14-16
	100
	Fast    Data Driver Output Driver strength

	17-20
	1111
	Voltage Regulator  Adjustment  ( set to its highest val on pwr up.)

	
	
	

	
	
	






Hybrid Side Delay Control   (independent delays for each hybrid side signal)
	Control Register #
	HYBRID Line to delay
	Bits

	@# 3
	“BC” 
	0-31   --- 5 lines

	@#4
	“L0_CMD”
	0-31

	@#5
	“R3s_L1”
	0-31

	@#6
	“DRC”
	0-31





@#7 Enable Clock/Regulator Interlock  ( “OR”  of bits high  will enable multiple conditions) 
		     bit# 
	Default 
	Function 

	0-6
	0000000 
	  If bit is set =1    Disable Clock  to hybrid  when Sense# > upper limit

	7-13
	0000000 
	  If bit is set =1    Disable Clock  to hybrid  when Sense#  <  lower limit

	14-20
	0000000 
	  If bit#  =1    Regulator Disable =  True ( High???) when Sense# > upper

	21-27
	0000000 
	  If bit#  =1    Regulator Disable =  True ( High???) when Sense#  < lower







XII. Data Registers
@#1  Read  Monitor Data 0-2
		Bit# 
	Default 
	Function 

	0-9 
	0 
	 Monitor sense Data0 

	10-19 
	0 
	 Monitor sense  Data 1 

	20-29 
	0 
	 Monitor sense Data 2







@#2 Read  Monitor Data 3-5
	Bit# 
	Default 
	Function 

	0-9 
	0 
	 Monitor sense Data 3 

	10-19 
	0 
	 Monitor sense  Data 4 

	20-29 
	0 
	 Monitor sense Data 5



@#2 Read  Monitor Data 6
	Bit# 
	Default 
	Function 

	0-9 
	0 
	 Monitor sense Data 6 





XIII. Power -  The  HCC will use a voltage Regulator  based on the ABC130 band gap to power its analog and digital functions.  An early estimate is  ~100mA for the current requirement.  A 4 bit adjustment of the Regulator output voltage is envisioned. On power up the default will be to set the voltage to the maximum value.

XIV. Autonomous Monitor-  The HCC will contain a voltage based analog monitoring block with ~1mV sensitivity from 0 to 1.1 Volts. (10 bit) for four internal and three external values.  Each monitored quantity will have a programmable upper and lower limit that will be downloaded through the HCC command decoder.    Operationally the monitor block will use a clock driven integrating ramp generator as a reference to compare with monitored voltages.  At the beginning of a cycle a 10 bit counter driven by the same clock will be set to zero and the integrating ramp generator will be reset.   When the reference exceeds the sensed value the counter value will be compared with the upper and lower limit and be recorded in the monitor registers.   Figure 3 shows a block diagram of the monitor block. 
a. Monitored Quantities:
i. External to the HCC  -  note that an external zero current  hybrid ground reference will be bonded into the HCC to provide an appropriate external  reference for monitor measurements.   Three external voltage sensing inputs should allow for temperature and voltage measurements. In the case of serial power, monitoring the control voltage will give an excellent idea about the amount of excess current in the hybrid.  Another important measurement could be the high voltage current. 

1. NTC  - 1mV resolution is more than sufficient for 1 degree precision. 
2. Vsense1 – Uncommitted  Voltage sense  0 – 1.1V
3. Vsense2 -- Uncommitted  Voltage sense  0 – 1.1V
ii. Internal Sensed Voltages
1. Vdd unregulated
2. Vdd regulated
3. V monitor band gap
4. Diode based die temperature.
b. [bookmark: _Ref334917529]Limits Register  
	Set Monitor Limits N
( N: 0, 6)    1 for each of 7
Monitored Quantities
	1
	Write 
	32 
	10bits Low 10bits High 
Mon @# 0-6 + Out of Limit Action(4bits)


 
	Bits 
	Action

	0-9
	Low Limit Value

	10
	Enable Hybrid Clock Shut down on out of limit detect.

	11 
	Enable Regulator Shut down on out of limit detect.

	
	

	16-25
	High Limit Value

	26
	Enable Hybrid Clock Shut down on out of limit detect.

	26 
	Enable Hybrid Regulator power shut down on out of limit detect. 






Figure 3  Basic blocks of the Autonomous monitor. The number of monitored quantities will be seven instead of the three shown above.  The incoming clock will be 1.25MHz a scaled version of the 40MHz clock with an 800ns width.  
 

XV. Interlock -   A monitored Quantity  out of limit value will set a monitor flag and have the possibility to reduce the power in the hybrid by turning off the clocks to the FEIC’s .  In addition an output may be (control register ) conditionally  set.  This logic level may be used in conjunction with the  ABC130 Regulator enable to remove power from the FEIC  analog and digital circuitry.
Due to the potential for accidental implementation  TWO  actions are required to set either a hybrid regulator disable or hybrid clock disable:
    The command data must indicate action in bits following the limit.  See XIII.b
   Corresponding bit must also be set in Control Register @#7  See section  X .  
     
XVI. SEU Plan -   The HCC will employ similar SEU mitigation techniques (based on the functional block being protected as the) as the ABC130.    Counters should report the number of corrected  SEU’s. 
XVII. Pads -  Due to tight layout constraints on the hybrid the majority of bond pads on the HCC will be restricted to 3 of the 4 available sides.   Given the expected size of ~3.5X3.5mm,   it would be possible to have more than 40 pads per side.  The table below gives the estimated pad count (Mar 2012).   The total of 68 pads??  will easily fit around the three sides.    Table 1 gives the HCC expected pad count and type. 

Table 1    Preliminary (October  2012) HCC  pad count by domain  75 pads Total
DO WE WANT  to reserve a few more pads for present or future use?
	Name 
	Count  
	Domain 

	BC_Stave 
	2 
	Stave Side Communications
 10 Pads                                

	CMD_L0 
	2 
	

	R3_L1 
	2 
	

	Data I 
	2 
	

	Data II 
	2 
	

	  
	
	

	A0-4 
	5 
	Misc.   
12 pads 
  

	Monitor Sense
	                     3    
	

	Monitor Ref
	                     1
	

	GPIO 
	2
	

	2 Band Gaps
	2
	

	
	
	

	BC 
	2 
	Hybrid Side communications
8   pads 
2  Sets of  Serial Data loops
26 pads  

	L0_CMD 
	2 
	

	R3s_L1 
	2 
	

	DRC 
	2 
	

	Xon/Off 
	8 
	

	Data In 
	8 
	

	Fast Clock
	2
	

	Regulator Enable 
	2 
	POWER
26 pads


Sept 2012 

	Regulator  Filter 
	6 
	

	PLL  Filter
	2
	

	PWR 
	8 
	

	GND 
	8 
	


 (
NEEDS to be UPDATED 
for  74
+  PADS
)
   
XVIII.  Floor Plan and Pad Ring  --   Figure 4 below shows an initial  pad layout for the HCC.  The block floorplan will be influenced by the bond pad arrangement.
[image: ]
Figure 4   We are examining a symmetric layout that will allow for using the HCC in mirrored hybrid designs without requiring significant changes to the hybrid layouts.
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