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Booster VCO Program Flow Documentation

Interrupts

Ist svcQQOPOPOPDP QOO OYOYY chip reset routine

source €

QOO9OO Y YOO O DSP board or chip hardware reset
calls @

init 21k
exits with €

90000009999 jump to main
irgl svcQ) QO QOO QPQPQPQ QO interrupt vector to set up for new

Booster cycle

source €
Q099 O QY Y Y QO cxternal trigger to hardware input IRQ1 (generally TCLK Booster reset events)
exits with €

jump to begin_cycle

ch7 svcQQPQPOD OQYQQOOYY interrupt vector for frequency curve

circular buffer
source €
QOO9OY YO YO frequency curve circular buffer overflow (address wrap-around)

exits with
jump to cb7i_asserted

chbl5 svcQ) @ @YY YYOYY Y interrupt vector for bias curve circular
buffer

source €
QOO YOO Y Y YOO bias curve circular buffer overflow (address wrap-around)

exits with €
jump to cb15i_asserted

tmzl svcQQQPOP QYOO Y Y interrupt vector to initiate playing out

curves
source €

Q099 OO YO Y O DSP timer time-out; in this case, timer started in begin_cycle
exits with €
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jump to play_curve (with delayed branch clear of time high priority interrupt latch)

tmzh_svcQ) @ @ Q@ QYOO QO interrupt vector to DDS update

source €

QOO YOOV Y YO DSP timer time-out; in this case, timer started in play _curve and occurs every 4
usec while curves play

exits with €
jump to timer_hi_prior

sft0 svcQP Q@ QPO QP QP QYOO Q@ interrupt vector to check

newparameters, do housekeeping, and end cycle

source €

QO OOV QYOO YO software interrupt set in cb15i_asserted
exits with €
jump to sftOi_asserted

epl_ svcQQPOPOPP QOO PYPYPYY Y interrupt vector for end of dma

process
source €
Q099 OOYYY YO dma-complete interrupt for dma process initiated in NOT USED

exits with €
rti

Service Routines and Subroutines

init 21k Q@@ @ QOO QYOO initializes board and program at power-

up or reset

contains €

900000009099 rm_default
calls @

90000000999 go bparam
90000000000 15t purans9 9969
90000000090 151 thlsize
90000000009 2 tables
90000000009 15t_tables

crv builder
exits with €

000000000001t

minQ9 QY9 00999 000900000090 906060000669 idleloop

awaiting interrupts
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90000000009 idec

exits only with external interrupt

begin cycle@ Q@ QO QOO O QYOO initialization for a new
Booster cycle
contains €

QOO OQ QYO Q O rn_int (local jump label)

exits with €

000000000001

play curve@ Q@Q QP Q0009 99 QQQOPYY cnables fast timer and

interrupt€ to actually begin playing curves
exits with €

000000000001

timer_hi_prior@Q @ @ @ @ @ Q@ @ Q@ interrupt service for fast DDS

frequency updates

contains €

QOOPOO QYO Q@ return (never referenced)

exits with €

000000000001

cb7i_asserted ) ¢ @ @ @ @ @ @ @ interrupt service for frequency curve
circular buffer wraps
contains €

9900090669096 9 fin_forv (local jump label)

Q00O O QYO YO ddn (local jump label)
fin_int (local jump label)

exits with €
Q099 OOYY YOO rti (with delayed branch toggle of ustat] UP-SWP bit)

cb15i_asserted @ @ @ @ @ @ @ @ @ interrupt service for bias curve circular
buffer wraps

contains €

QOO QO 9O QO fin_bcrv(local jump label)

exits with €

000000000001
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sft0i_asserted @ @ @ @ Q@ @ @ @ @ interrupt service for @both curves

finished € to check newparameters, do housekeeping,

and end cycle
contains €
Q00990909 Y YO end sft0i (local jump label)
calls @
00000000090 new params
000000000909 1st_params
00000000090 new _tables
Q00000 O QY ccho_tables
00000000009 restore inj

00000000000 in crv
exits with €
rti

get btparam¢) @ @ @ @ @ @ @ @ retrieve program parameters from boot
memory at program initialization

calls @

00000000000 dna 32

exits with €

900000000001

tst paramsQP QPP OPVPPOP OV QYOO YY check parameters for

allowed values
calls @

90000000069 compare

exits with €

900000000001t

comparc@ Q9 9999990009 0906609999 lowlevel value

comparison routine
exits with €

9000000000601t

get tablesQ Q@ QP OVVOVVVOVOVOOOOPOOYY Q@ retrieve freq and bias

curves from boot memory at program initialization
calls @

90000000009 go bl
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returns with €

00000000000t

tst thisizeq) QPP PVPVPVVPVP OO OOOPYPY Q@ test freq and bias

curves for allowed size
calls @

900000009009 15t size

exits with @

900000000001

ist_sizc 9 Q9GP0 909090000000 000000099 test freqand

bias curves for allowed size
exits with @

Q00090099 HO jump to default thls
rQPV00000 :900006000

st tables @@ 9990000900000 996099 9 seup test for

monotonic time values in freq and bias tables
calls @

00000000009 15t time

exits with €

Q0009909 Y OO jump to default this
R 2272727272734

st tine $ 99900 00000000000000000 estfor
monotonically increasing fime
contains

QOO YO QO time_tst (local loop label)

exits with €

990009969969 jump to default_thls
ug-22°2'2:2°2 2

9000000060000
default thls¢) @ @ @ @ Y @ @ @ compute and load default freq and bias

curves
calls @

90000000099 crv builder
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exits with €

00000000000

get thlQQPQPOPVPD @OV YPYP YOO loop to read freq or bias table from

boot memory
contains €

QOO0 O QYO get loop (local loop label)
calls @

90000000000 dnu 32

exits with €

000000000001

dma 32Q Q@@ QOO QYPQOOQ lowlevel routine to read 32 bits from

boot memory

calls @
9000900909999 pack boot
contains €

Q0009 YV QO wait dma32 (local loop label)

exits with €

9000000000601t

pack boot QQ@QPQPVPOPOPO OOV YPYYYOQ low level routine to pack

4x8 bit data into 32 bit word
exits with €

9000000000601t

new_params € @ @ €@ read new parameter values from shared memory
contains €

QOOPVOVO9YQ QY ccho_inj (local jump label)
Q00O O 9O OO echo_crvdly (local jump label)
Q00O O 9O QO echo_revs (local jump label)
Q0OVQPO 99O QY echo_ninj (local jump label)
Q0000 O9OQ O echo_gain (local jump label)
QOOVOOQYYQ Y ccho_eplfreq (local jump label)

param_rtn (local jump label)
calls @

90000000099 write boot

exits with

900000000001

https://beamdocs.fnal.gov/AD/DocDB/0009/000909/001/Booster VCO Program Flow D... 4/24/2020



Booster VCO Program Flow Documentation Page 7 of 12

new_tablesQ) @ @ @ @ @ @ @ @ check and control reading new freq and bias

tables from shared memory and saving in boot memory
contains €
Q0000066999 new bibl (local jump label)
calls @
00000000009 get fibl
000000009009 15t _thisize
00000000009 1st_tables
0000000900969 write boot

00000000009 send bl
intrp_freq

crvmirr

get_btbl

intrp_bias
exits with €

900000000001t

echo _tablesQ) @ @ @ @ @ Y @ @ check and control writing of freq and bias
tables to shared memory for readback purposes
contains €

QOO QYOO ccho_bias (local)
calls @

90000000069 ccho fibl
900000000699 ccho bibl

exits with €

00000000000

send thlQ) @ @ @ @ QO Y Y@ QY write freq or bias table to boot memory

contains

Q009 OO Y YOO O send loop (local loop label)
calls @

90000000099 write boot

exits with €

900000000001

get fihlQQPQPOPY OO QPQOOPYPY Y sets up dma of freq table from

shared memory
calls @
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900000060009 dna 1l

exits with €

900000000001

get bihlQ QP Q @ OYPYQQQOY sets up dma of bias table from shared

memory
calls @

9000000600009 dna il

exits with €

9000000000601t

echo fthlQ) @ @ @ QO QYO QQ sets up dma of freq table to shared

memory
calls @

900000600009 dna il

exits with €

900000000001t

echo bthl@ @ @ @ QY QY Q@ sets up dma of bias table to shared memory
calls @

90000000000 dna il

exits with €

00000000000t

dma thlQQ QPG OO QQOPPYY Y dma table to shared memory

contains €

00000000009 dna_wait
Q00099 OO YO rin(local jump label)

exits with €

Q0009 Q Q9 rts (with two delayed branch instructions)

intrp_freq @ Q@Y QY Y Y sets up for interpolation of freq curve

calls @
90000000009 inup crv

exits with €

00000000000
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intrp_bias @ @ @ @ @ @ @ @ @ sets up for interpolation of bias curve
calls @

90000000000 intp crv

exits with €

9000000000601t

intrp crn@QQ QOPPQQQPQY performs curve interpolation

calls @
090000000009 get next

contains €

Q009 Q YO Q @ intrp _loop (local loop label)

exits with €

00000000000t

get nextQ QY @YY YPYPYYYY subroutine of curve interpolation

routine

contains €
calc_next (local loop label)
nu_slope (local jump label)

calls @
90000000009 divide

exits with @

90000000000

write_boot @ @ @ Q@ @ @ @ @ @ control write of 32 bit word to boot memory
calls @

90000000009 dna i6

exits with

Q009099 O O rts (with two delayed branch instructions)

dma 169 Q9 Q@ QOO QQQ lowlevel subroutine of write_boot

contains €

Q00O QY YOO wait_ dma8 (local jump label)

exits with €

900000000001t
crv_builder@ @ @ @ @ @ © O @ builds curves from tables

calls @
900000000060 intp freq
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0000@000000 crvmirr
inj_crv
intrp_bias

exits with @

900000000001

inf crnQ9QPOOOPOPOPPQOOOYY @ update injection portion of

frequency curve for requested injection frequency
calls @

90000000009 divide

contains €

9900090669999 injlp (local loop label)

exits with @

900000000001t

crvmirrQ QP QPO PP QP QYOO YYQ backup injection portion of freq

curve otherwise altered injection frequency
contains

Q00O VQYYQ O mrioop (local loop label)

exits with €

900000000001t

restore_inj @ @ Q@ @ @ @ @ @ @ restore unaltered injection portion of
frequency curve
contains

Q0000 O 9O Y O mrioopl (local loop label)

exits with €

900000000001t

divide @ QP QP QPO OP OO QOO Y Y@ low level floating point division

routine
exits with €

9000000000601t

Normal Program Flow

Reset or power-on
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st svc
call init 21k

call get_btparam

call tst_params
call ¢st thlsize

call get_tables
call ¢st tables

call crv_builder
enables IRQI interrupt
rts

90000000000 000000606909 jumpmain

external interrupt IRQ1

900000060060 iql svc

jump begin_cycle
disables IRQ1 interrupt

enables timer low priority/software 0/cb7/cb15 interrupts
starts timer (curve delay)
rti (to main)

timer interrupt (low priority)
9000006009060 1zl svc

10011)000000000 Q0009996909 junp play curve (delayed branch clears TMZHI
atc

9090000000000000000000009000000900999 disablestimer low

priority interrupt
90000000000000000000000 0000909999 9 cnablestimer high
priority interrupt (for every 4 usec interrupt)

rti (to main)

timer interrupt (high priority)
9009000060069 tmzh svc
90000000000 9000000606090999 jump timer_hi_prior

does the fast critical stuff
rti (to main)

freq circular buffer interrupt€p execute when leave timer_hi_prior that reached top end of frequency
curve

900000060069 cb7 svc
90000000000 90000090090969 jump cbTi_asserted
90000000000000000000000 9000090096999 disable timer to prevent

timer interrupt

00000000000000000000000900000000099 switchfreqceurve

direction and rate to play down

90000000000000000000000000000090909 9 cnabletimer
9000000000000000000000000000060000949 1ti(tomain)

bias circular buffer interrupt€p execute when leave timer_hi_prior that reached end of bias curve
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9000000060069 cbl5 svc
90000000000 900000900600969 jumpcvlsi_asserted
90000000000000000000000 900000096999 disable timer to prevent

timer interrupt

90000000000000000000000 9000000906999 disable cbl5 interrupt

indicate bias curve finished

9000000000000000000000000000006099 cnadletimer
90000000000000000000000 000000090699 rti (tomain)

freq circular buffer interrupt€ execute when leave timer_hi_prior that reached bottom end of frequency
curve

900000060069 cb7 svc
90000000000 9000009000969 jump cbTi_asserted
900000000000000000000009000090096999 disable timer to prevent

timer interrupt

9000000000000000000000000000000099 switchfreqeurve

direction and rate to play down

000000000000000000000009000000060099 cnadletimer
90000000000 00000000000 000009099999 sctsoftwarc interrupt 0
0000000000000000000000000000060000949 1ti(tomain)

software interrupt SFTO€ € € set when both freq and bias curves have played out completely

900000060069 5ft0 svc
90000000000 9000009000969 jumpsfili_asserted
90000000000000000000000000000060099 call new params
90000000000000000000000 000000090099 callst_params
9000000000000000000000000000000069 callnew tables
90000000000000000000000000000099099 call ccho tables
0000000000ﬁ??0000000000Oééééééééééam@&mum

call mmj_crv
00000000000000000000000 9000090909999 cnablcIRQI interrupt to

permit next cycle
rti
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