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Subj ect: Digital Signal Processor (Anal og Devices 21062) |ink port description and
i mpl enmentation in a LLRF system using a VXl bus

General : provides six link ports
data transfer: 1 nibble/DSP clock (x1 clock), 1 byte/DSP clock (x2 clock)
32 or 48 bit transfers
DVA and chai ni ng DMA on each channe
DVA | RQ generated on block transfer conplete or receive/transnmit buffers
Li nk Service | RQ generated when accessing a di sabl ed port
| ogi cal mapping fromDSP pins to link buffers
status "fullness" for each buffer
packi ng error status for each buffer

Speci fic: M/TV link is circular (any data may be read or added by any card)
RR link is unidirectiona
(only upstream data may be read by downstream cards)
VXl local bus is used for transnission/reception path
DVA transfer conplete generates | RQ which runs 100 KHz. process
100 KHz. process determnes if 16.6 KHz. or 720 Hz. process are al so executed
100 Khz. process is PLL to TCLK E$07 by nmaster npdul e (dds)

The Enbedded Systens Group front ends, for the M, TV, and RR LLRF, contain cards
whi ch support comruni cati on anong thenselves. This is acconplished by using the VXI |oca
bus and the DSPs built in link port hardware. By transferring data fromcard to card,
data is shared. This shared data can cone frominternal sources (ie. calculations,sumed
val ues, feed forward curves,etc.) and external (ie. beam feedback, MDAT broadcasts etc.)

Link port activity is initiated by a master card, which is a DDS type, and repeats
at a 100 KHz. rate. Al other cards are slaves. Each 100 KHz. "tick" allows either 250 or
333 DSP instructions before the next link port transfer starts. There are 138 ticks/ 720
Hz. and each one is nunbered and sent over the link port to coordinate slave activities.
The master 100 KHz. is phase | ocked to TCLK E$07.

The M operates with five DSP cards |inked together. The TV has three and the RR
has four. The RRIink port is sonewhat different since it transnmits in only one direction
with data sharing only possible with downstream cards.

Bel ow i s a code segment that shows the variables which are sent/received on the M
DDS |ink port.

Li nkBuf 1Begi n:

(1) .VAR ddsTi ckCounter; 100 KHz. tick count (0 -> 137, 138 ticks/ 720 Hz.)
(2) .VAR _ddsTi neFronmReset; seconds fromcycle reset
(3) .VAR _ddsFout; out put frequency

Li nkBuf 1End:
Li nkBuf OBegi n:

(4) .VAR _xferMbat; MDAT frame 54 & 55

(5) .VAR adcJFpl|l; phase feedback for phase | ock | oop

(6) .VAR _adcJVgap; HLRF cavity sum volt age

(7) .VAR adcQSunt; phase contributions from ADCI & ADCJ to NCOL
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(8) .VAR adcQSun®; phase contributions from ADCI & ADCJ to NCO2
(9) .VAR adcQSunsB; phase contributions from ADCI & ADCJ to NCO3
(10) . VAR adcl Frpfb; future feedback signa

Li nkBuf OEnd:
(11) . VAR xFerTickCounterReturned; tick count which has traversed the |ink path

Vari abl es #1 through #3 originate at the DDS. Data value #4 is received (and used)
and retransmtted. #5 through #10 originate at other |ocations and are used by the DDS
Val ue #11 is repeated around the link |oop and checked to deternmine if there were round
trip errors.

Al'l modul es use two link ports: 1 for transmit, 1 for receive.This section
describes the intializtion of link ports during the "_init_dds" routine:

Map link port O (pins) to link buffer O (1/0O processor space) and link port 1 to
buffer 1 (make all others inactive):
r9 = LPOLBO| LP1LB1| LBUF2I | LBUF3I | LBUF4I | LBUF5I
(defllrf.h contains LBUFxx definitions)
dm LAR) = r9; (LAR = Link Assignnent Register)

Set the clock rate for buffers 0 and 1 (x2 the DSP cl ock):
ro9 = LCLKX20 | LCLKX21;
(defllrf.h contains LCLKXxx definitions)

dm LCOM = r9; (LCOM ° Link Commpn control register)

Setup DMA channel #1 for buffer #0 (receive) and
DVA channel #3 for buffer #1 (trnasmt):

r9 = Li nkBuf 0Begi n; (start address of data bl ock)
dm(111) =7r9;
dnm( I ML) = nb; (amount to auto increment address: nb6=1)
r9 = Li nkBuf OEnd - LinkBufOBegin + 1
dm(Cl) = r9; (nunber of variables in block)
r9 = Li nkBuf 1Begi n; (start address of data bl ock)
dm(113) =r9;
dm(1 M3) = nb; (amobunt to auto increment address: nb6=1)
r9 = LinkBuf 1End - LinkBuflBegin + 1
dm(C3) =r9; (nunber of variables in block)
Enabl e bufffers:
r9 = LOEN | LODEN, (enabl e buffer #0 for DMA reception)
(defllrf.h contains LOENxx definitions)
dm(LCTL) = r9; (LCTL ©° Link buffer Control register)

Thi s section describes what code is executed during the "Schedul er” routine to
service a link port transm ssion/reception (100 KHz. internal timer interrupt driven).

Initiate |link buffer #1 transfers:
ro = LIEN | L1DEN | L1TRAN; (enabl e buffer for DMA transni ssion)
(defllrf.h contains LXEN and LXTRAN definitions)
dm(LCTL) = r9;
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I "LinkPortControl"
This part updates the link port tick count and stores the returned tick

| ater analysis of transmission errors in "softQOisr.c"
r2 = b3; (get start of schedul er table)
ri =1i3; (get schedul er pointer)
rli =r1- r2,r3 = dm xFerTi ckCounterReturned - varbase,i4); (rl is the index)
dm(ddsTi ckCount er-varbase,i4) = rl;, (wite ddsTickCounter to |link port data)
dm( @chedul er JunpTab, i 3)= r3; (store returned tick counter)
dm(LCTL) = nb; (clear link control)
This part reinitializes the DMA channels.
r9 = Li nkBuf 0Begi n; (start address of data bl ock)
dm(111) =r9;
r9 = LinkBuf OEnd - LinkBufOBegin + 1
dm(Cl) =r9; (nunber of variables in block)
r9 = LinkBuf 1Begi n; (start address of data bl ock)
dm(113) =r9;
r9 = LinkBuf 1End - LinkBufl1Begin + 1
dm(C3) =r9; (nunber of variables in block)
RTS (db);
r9 = LOEN | LODEN, (enabl e buffer #0 for DMA reception)

dm(LCTL) = r9;

There are timng restrictions due to the real tine processing of data at the 100
KHz. rate. The tine limt is a conbination of the number of words (32 bit) transnmitted,
t he nunber of cards involved, the software overhead, and | atency effects. (At the

present,

the Tev |link port operates at x1 because, in the past, the dsp silicon verson

did not support x2 operation. That silicon has been replaced with a version that does
support x2 but the code has not been changed since the |link has al ways worked at x1.)

The total tinme required for setup and data transm ssion is conposed of five itens:

1

start the transm ssion:
r9 = L1IEN | L1DEN | L1TRAN
dm(LCTL) = r9; (enabl e buffer for DMA transni ssion)

I/ O Processor starts filling 2 deep link FIFOw th data

time (in dsp clock ticks) for link port transm ssion
(assune no higher DMA or intervening requests)
(1 nibble/dsp clock)*(LCLKX21) = 1 byte/dsp clock
(dsp clock/1 byte)*(4 bytes/32 bit word) = 4 dsp cl ocks/word
(4 dsp clocks/word)*(4 words/M dds block transmt) =
16 dsp clks/M dds block transmt

DMA channel #0 transfer conplete interrupt "SPR1l" on downstream card (ADCI)
is latched and (assunme no higher interrupt request) its' 100 KHz. routine is
cal | ed.

reinitialize DMA begi nning address and count registers for next transn ssion
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Bel ow are hyperlinks, to data tables, for each DSP |ink port:

M Li nkport. pdf

TV Li nkport. pdf

RR Li nkport. pdf

Bel ow is a hyperlink to Anal og Devices instruction set reference:

http://ww. anal og. com publ i cati ons/ docunent ati on/ ADSP_2106x_ SHARC User s Manual / apxa. pdf

Bel ow is a hyperlink to Anal og Devices data sheet:

htt p: // ww. anal og. com pdf/ ADSP-21062_L_c. pdf

Below is a hyperlink to the Enbedded Systens G oup hone page which includes contact
i nf ormati on.

http://ww-rfi.fnal.gov/LLRF/Ilrf.htn
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http://www-rfi.fnal.gov:8001/I6Help/DSPDocs/LinkportInfo/MILinkport.pdf
http://www-rfi.fnal.gov:8001/I6Help/DSPDocs/LinkportInfo/TVLinkport.pdf
http://www-rfi.fnal.gov:8001/I6Help/DSPDocs/LinkportInfo/RRLinkport.pdf
http://www.analog.com/publications/documentation/ADSP_2106x_SHARC_Users_Manual/apxa.pdf
http://www.analog.com/pdf/ADSP-21062_L_c.pdf
http://www-rfi.fnal.gov/LLRF/llrf.html
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