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1. 
SCOPE

This document is the review report for the Field Programmable Gate Array (FPGA) for the THEMIS Power Control Board (PCB). 

1.1 Overview

The PCB FPGA is design in VHDL and targeting on an Actel A54SX72A when the review material was provided by UCB. The design will ultimately targeting on a flight part RT54SX72S. 

The FPGA receives commands from the DCB system via a synchronized serial Command and Data Interface (CDI). Besides the power up reset, the FPGA can also reset all the logic to the power up state when a reset command is received.

Code walk through has been performed on all the VHDL modules. The design is a synchronous design, and has kept up with the NASA recommended guidelines and criteria for space flight digital electronics. 

Functional level simulations were performed to verify against the provided specifications. A few cases are discussed in the following chapters when information is not fully provided in the specifications and cautions should be taken when common sense is applied.

Static timing information was extracted from the provided design and used in the timing analysis to check against the Actel specification. The results are provided in the following chapters.

The RT54SX72S FPGA has one hardwired clock buffer HCLK, two routed clock buffers (RCLK), and four quadrant clocks (QCLK). The HCLK is used for the main system clock (8.388 MHz). One of the RCLK is used to buffer the power up reset input, and other RCLK is not used. The four QCLKs are not used in the design.

All the flip-flops in the FPGA are driven by the HCLK.

2. Applicable documents

Documents applicable to or partially referenced in this document are as follows:

UCB Documents

TBD



THEMIS Backplane Specification

UCB Documents
TBD

THEMIS Power Control Board (PCB) Specification

UCB Documents
TBD

THEMIS Power Control Board (PCB) FPGA Specification

3. Timing Analysis

All the flip-flops are driven by the hardwired clock HCLK in the design. The maximum clock skew for RT45SX-S devices is shown in Table 3‑1, quoted from Actel’s “RT54SX-S Rad Tolerant FPAGs for Space Applications,” Advanced v1.4, November 2002. These data are used to check against propagation delays in the data path.

Table 3‑1: Maximum Clock Skew for RT54SX-S Devices

VCCA = 2.3V, VCCI = 4.5V, TJ=+125OC, Standard Speed

	
	HCLK
	RCLK

	RT54SX32S
	0.6
	2.3

	RT54SX72S
	1.6
	3.7


3.1 HCLK Clock Path

HCLK is running at 8.388 MHz, with its cycle 119.21 nsec wide.

Of all the adjacent flip-flop pairs, under the worst case, the top ten of longest Q-D delays are listed in Table 3‑2. As listed, the longest is 17.66 nsec. The top ten of the shortest delays are listed in Table 3‑3, with the shortest 1.46 nsec. 

Setup Time calculations. Since the designer uses both edges of the HCLK to drive flip-flops all over the design, we should really consider the clock cycle as 59.60 (119.21/2) nsec for the setup time calculation. From these data, we can see the HCLK does not overrun the circuit at 8.388 MHz, and the shortest setup time for the flip-flops in the worst case is at least 41.94 nsec (59.60 – 17.66). This meets the Actel specification.

Table 3‑2: Top Ten Longest Q-D Delays, HCLK, Worst Case 
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Table 3‑3: Top Ten Shortest Q-D Delays, HCLK, Worst Case
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Hold time is always met, as a statement issued by Actel, any flip-flop pair is guaranteed to have sufficient hold time margin under all conditions and placements, when clocked by HCLK.

It is worthwhile to point out though, the master clock source is said to be at 50% duty cycle, however on the PC board, the clock is buffered by two Schmitt-trigger inverters 54AC14 before it is sent to the FPGA. The clock phases after these buffers can be very much biased, and not at 50% duty cycle anymore. This effect can also be temperature dependent. The clock cycle is virtually smaller than 59.60 nsec. The designer should take the effect into account.

Also, the propagation delays were extracted on the design based on part A54SX72A, not the flight part, at the time this review was written. The delays are generally bigger on the correspondent flight parts due to the bigger die size and the TMR constructs. 

The designer should update the delay data after targeting on a flight part and check with the timing requirements again. 

4. State Machines

There are two state machines in the design. One in the CDI module, with seven states. One in the INSTR_SWITCHES module, with four states. All the state registers are driven by the HCLK.

The designer states that all the state machine encoding is one hot, and the “Use Safe FSM” option is applied in the synthesizer. Precision Synthesizer is used for the project.

Generally, one hot encoding would have many un-used states. Chances of being trapped in these un-used states are higher than using binary or gray encoding.  Using the Safe directive to the synthesizer to generate illegal state detection and bail out logic is highly recommended. The designer is aware of that mechanism, and I believe it is ok for the design.

5. System Reset

The FPGA implements a NASA recommended reset circuitry to interface the power up reset (POR) input, and synchronizes the reset to the master clock when POR is removed. There is a RESET module that generates a 15 msec reset pulse when a reset command is received. This command reset is ORed with the synchronized POR to reset all the logic in the design except the logic inside the Command RESET module.

There is no reason not to reset the logic in the Command RESET module using the synchronized POR. All the logic in the Command RESET module should also be reset by the synchronized POR to avoid the meta-stable problem.

6. Command Reset Module

In the Command RESET module, there may be some inadequate reset for the RESET_COUNTER.  The design is shown in Figure 6‑1. Signal RESET_CMD is asserted when RESET_COUNTER reaches the count “100000000000000000”, and it is this assertion of the RESET_CMD that immediately clear RESET_COUNTER back to zero. RESET_COUNTER does not stay in its termination count for long, almost for sure spike like. And the condition for resetting RESET_CMD is spike like.

It is recommended to buffer the termination state for a full cycle long and reset RESET_CMD for that amount of time.
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=lgnal reset_counter =td_logic_vector(17 downto 0)
signal resst_cmd : std_logic:

BEGIN

process (powerresstn, cnd_valid, cnd, clk, reset_counter)
begin
if poverresstn = '
reset_cnd 1
elsif clk'svent and clk
if cnd(23 downto 16)
resst_end <=0
end if;
end if;
end process:

or resst_counter = "100000000000000000" then

‘0" then
%"A8" and ond_valid = '1' then

process (powerresstn, reset_cmd, clk)

begin
if poverresstn = '0' or resst ond = '1' then
reset_counter 000000000000000000
elsif clk'event and clk = '1' then

resst_counter <= resst_counter + '1
end if;
end process:

comnanded_reset

reset_cnd:




Figure 6‑1: Design of Command Reset Module in VHDL

7. Motor Controls – A5 Commands

The FPGA controls four EFI Boom Deployment motors based on the “A5” commands. The motor controls shall be set as Table 8‑1described when the command bits [2:0] are in those combinations, quoted from the “THEMIS Power Control Board (PCB) Specification – Ellen Taylor, UCB”

Table 8‑1: Motor Setting – A5 Commands

	Controls EFI Boom Deployment Motors

000 = Motors Off

001 = SPB1 On

010 = SPB2 On

011 = SPB1&2 On

100 = Motors Off

101 = SPB3 On

110 = SPB4 On

111 = SPB3&4 On


There are some descrepances between the specification and the design, as shown in a simulation in Figure 8‑1. Commands A50004 through A40007 do not seem to meet the specification.
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Figure 8‑1: Simulation of Motor Setting

8. Power Supply Control – A1 Commands

The FPGA controls eight power supplies when received the A1 commands. The ways of operating them are listed in Table 9‑1, quoted from the “THEMIS Power Control Board (PCB) Specification – Ellen Taylor, UCB”.

Table 9‑1: A1 Command Operations

	A1xFPP 

(

data bits = xxxxxxFFPPPPPPPP)
	IPCB_SUPPLYON
	F is a 2 bit value 

F=10 to Override the Circuit Breaker

F=01 to Pulse the Circuit Breaker to Operate

Turn On Supply where P is a 8 bit value (msb is bit 8)

Bit 7 = +10V

Bit 6 = -10V

Bit 5 = +5V

Bit 4 = -5V

Bit 3 = -8V

Bit 2 = +5VD

Bit 1 = +2.5VD

Bit 0 = +28V

1 = Operate 0 = Ignore


Figure 9‑1 shows a simulation result when two A1 commands were received, where the FF bits were set to “00” and “11”, which are not defined in the specifications. Inadvertently pulsing the power supplies for one clock cycle occurred. Since any commands can happen in the system, and the CDI module only rejects the commands with illegal formats, the PCB FPGA should have a way to block these cases. 
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Figure 9‑1: Pulsing Power Supplies When FF Bits Set To Undefined Values

9. Command And Data Interface (CDI) Module 

The CDI module is the command receiving module for PCB. In the PCB FPGA design, the old version of CDI (dated Oct. 2003) was used, instead of the new version (dated March 2004).

The main difference between the two CDIs designs is the signal RESET_CNT_N. There has been a report  a while ago in some designs that the incorrect results been observed when the old version of CDI was used.

RESET_CNT_N was used to reset the five bits counter and the parity logic in the old version, and is used to reset the counter only in the new version. RESET_PAR_N is used to reset the parity logic now. RESET_CNT_N is guaranteed glitch free.

RESET_PAR_N is a state register output if one-hot encoding is used for the state machine CDI_SM, and it is a combinatory logic output if it is not one-hot state machine. Whether it is glitch free is further depending on how the synthesizer compiles the logic and what options are set. 

The designer should update the CDI module in the PCB design, use one-hot state machine for this module, and check the netlist to verify that RESET_PAR_N be glitch free.

10. Outputs

All the outputs of the FPGA are set to high slew. The designer may want to check with the board level design and see if it is necessary.

11. Asynchronous Inputs

All nine VMON inputs are used to enable and or reset the sequential logic in the design. The designer may want to check with the system level design and see if they are synchronized to the master clock externally. If not, synchronize them before use is highly recomemded.
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