title "V107 RH C RTDL ti nestanp nodul e"
%r awi ng 93028635
next assenbly 94028632
by C R Conkling Jr.
usi ng EPF10K10QC208
revision July 22, 1997 changed interrupt trigger to ! SELECT
revision July 23, 1997 changed to PROMtable for 60Hz decode
revi sion Decenber 5, 1997 changed RTDL output words to overlap 6-bits
changed many nanes to avoi d confusion
added additional 720 Hz period test
changed interrupt to change-of-state
added additional output on PROMtable for 15 HZ
revi sion Decenber 16, 1997 changed UNI X time counter to hold at a
count of -1 at rollover of 2731 counts.

UNIX tine is a positive 32-bit signed integer which allows a 31-bit count.
2731, 1-second intervals approximately:

2. 179 seconds

596000 hours

24855 days

68 years

UNI X tine started January 1, 1970

counting P/'S 720 Hz ticks:

1-second = 720 720 Hz ticks; 10-bits

RTDL UNI X TI ME DATA FORNVAT

event encoder/input nodul e A16 addressing

X X R - BYTE status/| D PROM
0 1| R WBYTE CSR

0 1| RFRWBYTE interrupt vector
1 1|RWBYTE interrupt |evel

0 O] R WBYTE seconds nsb id

0 1| ¥R WBYTE seconds Isb id

0 OJRRWLWORD tine - seconds%

PR RRLRRLRRLO
Oo0oo0o0O0O X
Oo0oo0o0O0O X

i nclude "l pmroni; %/ME d PROMAo
subdesi gn 94028635

(/ SYSRST, 9W/MNEbus system reset %

SYSCLK, %W/Mebus 16 MHz cl ock%

SWR 15..7], %base address conpari son%

BA[ 15..1], W/MEbus address |ines%

BAM 5..0], W/MEbus address type%

/DSO, /DS1, /LWORD, %/MeEbus address control %
[AS, [1ACK, /VRITE, /IACKIN, %MEebus control %



/ RTDL_ASACK, %enabl e RTDL out put %
RTDL_PID[7..0], YRTDL paraneter selection code%
/ PONER_SUPPLY_720 : input; %external 720Hz i nput %

D31..0] : bidir; 9WME data bus%

/ DTACK, %acknow edge transfer%

ITRQ7..1], Y%select interrupt request |evel %

/1 ACKOQUT, 9%/MEbus interrupt control %

RTDL[ 23..0], 9%RTDL data bus%

/ RTDL_ASACK_ACK, %acknow edge ASACK%

720 Hz, 60_Hz, 15 Hz, 1 SECOND, % i ne pul se outputs based on 720 Hz counter%
4 SECOND, 64_SECOND, % i ne pul se out puts based on seconds counter%

/ OFFLI NE, %arives OFF LI NE LED%

/ VME_SELECT, %lrives VME SELECT LED%

/ SELECT, %lrives 720 source LED%

/60_Hz, /15 _Hz, /1_SECOND, /4_SECOND, /64_SECOND, %drives pul se output LEDs%
/LWENA, /H _ENA /LOENA : QOUTPUT;) %rodul e VMEbus data control %

vari abl e

SHORT_AD, SWR _COWP, LINK, A[15..0], SECONDS_MsSB_SELECT, SECONDS_LSB SELECT,
SECONDS_ADDRESS, SECONDS_TRI GGER, SELECT_EXT_720, CHANGE, PRESENT : node;

SR[2..0], AL[6..0], MODULE, VME_SELECT[1..0], DI SPLAY[15..0], CR[7..0],
INT_VEQ] 7..0], INT_LEV[7..0], SECONDS MSB ID[7..0], SECONDS LSB ID[7..0],
SECONDS[ 31..0], 720HZ[9..0], SYSCLK DI VIDE[14..0], OS[5..0], 720_HZ CLOCK,
COUNT[ 5..0], DDTACK, |RQX, LOCAL, |ACKOUT, STATUS, |DTACK, INT_SR[2..0],
60_HZ_ONE_SHOT[1..0], 60 _HzZ, 1_SEC ONE_SHOT[1..0], 4_SEC ONE_SHOT[1..0],
64_SEC ONE_SHOT[ 1..0], EXT_720 TEST[14..0], EXT_720_TEST COUNT[ 14..0],
1_SECOND, 4_SECOND, 64 _SECOND, 15 HZ, 15 _HZ ONE_SHOT[1..0] : dffe;

TRl _DATA[31..0] : tri;

PROM : Ipmromw th(lpmw dth = 8

| pm_ numwords = 32,
| pmwi dthad = 5,
[pmfile = "vneid. m ",
| pm address_control = "unregi stered”,
| pmoutdata = "unregi stered");
DECODE : Ipmromw th(lpmw dth = 2,
| pm numwords = 1024,
| pmwi dt had = 10,
pmfile = "decode. m f",
| pm address_control = "unregi stered”,
| pmoutdata = "unregi stered");
begi n
N I I %

%3-bit shift register, SR 2..0], clocked by 16 MHz SYSCLK to devel op | ocal
data strobes, and VMEbus response, DTACK. SR[2..0] is held reset by DS[1..0].
VWhen a VMEbus cycle starts, DS[1..0] enable the shift register. At the
followi ng times:

SR2 LATCH MODULE & ADDRESS 0-62.5ns after start



SR1 MODULE to WRI TE
SRO MODULE to DTACK
SR2.d = VCC
SR[1..0].d = SR 2..1];

SR[2..0].clk = gl obal (SYSCLK) ;
SR[2..0].clrn = /SYSRST & (!/DSO # !/DSl);

62.5ns write setup
125ns read access%

% at ch encoder nodul e base address
nodul e will respond byte between BASE _ADDRESS and + Ox7F
modul e will respond LWORD at BASE_ADDRESS + 0x48%
MODULE. d = SWR_COWP & SHORT_AD & /1 ACK & ((/LWORD & (/DSO $ /DS1))
# 1/LWORD & A[6..0] == b"1001000");
MODULE. cl k = SR 2];
MODULE. clrn = /SYSRST & (!/DSO # !/DS1);

SWR_COWP
SHORT_AD

SWR[15..7] == A[15..7]; %encoder base address%
BAM 5..0] == B"101X01"; %/MEbus short address%

%Address | atch%

A[15..0] = (BA[15..1], (/DS1 & !/DS0));
AL[6..0].d = (Al 6..0]);
AL[].clk = SR 2];

AL[].clrn = gl obal (/ SYSRST) ;

9W/MESEL LED driver output%
VME_SELECT[ 0] .d = VCC,

VME_SELECT[ 0] . cl k = MODULE;
VME_SELECT[ O] .clrn = ! VME_SELECT[ 1] ;
VME_SELECT[ 1] .d = VME_SELECT[ 0] ;
VME_SELECT[ 1] . cl k = DI SPLAY[ 15];
VME_SELECT[ 1] . cl rn = gl obal (/ SYSRST) ;

[/ VME_SELECT = ! VME_SELECT][ 1] ;

%.ow frequency clock for LED displays%
DI SPLAY[ 15..0] . cl k = gl obal (SYSCLK) ;

DI SPLAY[].clrn = gl obal (/ SYSRST);

DI SPLAY[] = DI SPLAY[] + 1;

9%Acknowl edge a VMEbus read/wite cycle%
DDTACK. d = MODULE;
DDTACK. cl k = SR 0];
DDTACK. clrn = /SYSRST & (!/DSO # !/DS1);

%/MEbus DTACK is a logic OR of read/wite and interrupt acknow edgenment s%
/ DTACK = | (DDTACK # | DTACK) ;

%vbdul e regi sters%
9W/ME | D prom contai ned i n EPLD%
PROM address[4..0] = AL[5..1];

% Command register. Status bit CR7..6], read only,
generate interrupt on change-of -state%



CR[ 7] .d = SELECT_EXT_720;
CR[ 7] . cl k = CHANGE;
CR[6].d = PRESENT;
CR[ 6] . cl k = CHANGE;

CHANGE = / SYSRST & (SELECT_EXT_720, PRESENT) != CR[7..6];

CR5..0].d = D5..0];
CR[5..0].clk = MODULE & (AL[6..0] == h"41") & SR[1] & !/VWR TE;
CR[7..0].clrn = gl obal (/ SYSRST) ;

%drives OFF LI NE LED%
/ OFFLINE = CR[ 0] ;

%bdul e interrupt status/I1D register. The interrupt status/I1D register
contains the interrupt vector which is returned during an interrupt cycle. %
INT_VEC[7..0].d = D[ 15..8];

INT_VEC[7..0].clk = MODULE & (AL[6..0] == h"42") & SR[1] & !/VWR TE;
INT_VEC7..0].clrn = gl obal (/ SYSRST) ;

%wbdul e interrupt request level register. The interrupt request is nmade
on the level selected in this register%

INT_LEV[7..0].d = D7..0];

INT_LEV[7..0].clk = MODULE & (AL[6..0] == h"43") & SR[1] & !/VWR TE;
INT_LEV[7..0].clrn = gl obal (/ SYSRST) ;

%generate seven interrupt request |evel outputs%
for LEVEL in 7 to 1 generate

/TR LEVEL] = !'(INT_LEV[2..0] == LEVEL & I RQX);
end generat e;

YSECONDS MSB RTDL par aneter i d%

SECONDS_MsB ID[7..0].d = D[ 15..8];

SECONDS _MSB ID[7..0].clk = MODULE & (AL[6..0] == h"44") & SR1] & !/WRI TE;
SECONDS_MSB I D[ 7..0].clrn = gl obal (/ SYSRST);

if ICR0O] then SECONDS MSB_SELECT = GND;
elsif SECONDS MBB ID[] == RTDL_PID 7..0] then SECONDS MSB_SELECT = VCC;
el se SECONDS MSB SELECT = GND;

end if;

YSECONDS LSB RTDL paraneter i d%

SECONDS LSB ID[7..0].d = DO 7..0];

SECONDS LSB ID[7..0].clk = MODULE & (AL[6..0] == h"45") & SRI1] & !/WRI TE;
SECONDS LSB ID[7..0].clrn = gl obal (/ SYSRST);

if ICRO] then SECONDS LSB SELECT = GN\D;
elsif SECONDS LSB ID] == RTDL_PID 7..0] then SECONDS LSB SELECT = VCC;
el se SECONDS LSB SELECT = GND;

end if;

%4-bit T/S RTDL data bus. RTDL words overlap 6-bits for uncertancy%
case (SECONDS_LSB SELECT) is
when b"0" => RTDL[23..0] = SECONDS[ 31..38];



when b"1" => RTDL[23..0] = (SECONDS[ 13..0], 720HZ[9..0]);
end case;

9%Acknowl edge RTDL transfer%
/ RTDL_ASACK_ACK = ! (!/RTDL_ASACK & ( SECONDS_MsB_SELECT # SECONDS _LSB_SELECT));
%/MEbus interrupt |ogic%

WROX is set to request an interrupt%

| RQX. d = VCC;
| RQX. ¢l k = CHANGE;
| RQX. ¢l rn = ! DTACK;

% CCAL is set by any foll owi ng DS0%
LOCAL. d = | RQX;

LOCAL. cl k = !/ DS0;

LOCAL. cl rn = gl obal (/ SYSRST) ;

% ACKQUT is set if the interrupt is not local or not |evel %
| ACKQUT.d = ! LOCAL # (AL[3..1] !'= INT_LEV[2..0]);

| ACKQUT. cl k = | NT_SRO;

| ACKQUT. clrn = !/AS;

/1 ACKOUT = ! ACKQUT;

%nabl e interrupt status/1D byte%

STATUS.d = LOCAL & (AL[3..1] == INT_LEV[2..0]);
STATUS. cl k = | NT_SR1;

STATUS.cl rn = 1/ DS0;

% nterrupt cycle acknow edgenent %

I DTACK. d = LOCAL & (AL[3..1] == INT_LEV[2..0]);
| DTACK. ¢l k = | NT_SRO;

| DTACK. cl rn = !/ DS0;

%8-bit shift register, clocked by 18 Mz to devel op VVMEbus interrupt del ays%
INT_SR2.d = !/ ACKIN,

INT_SR[1..0].d = INT_SR 2..1].q;

INT_SR[2..0].clk = gl obal (SYSCLK) ;

INT_SR[2..0].clrn = !/DS0;

%82-bit T/S | ocal VMEbus data bus for data, VME status/ID nessage, or
interrupt vector. VME status/ID odd byte read internal PROM even byte = ".",
Ox2E tri-state |l ocal VME data bus; odd data bus output is also controlled by
the interrupt STATUS flip/flop%

TR _DATA[31..16].in = ( SECONDS[31..16]);

case (AL[6..0]) is %ven byte addresses and LWORD%
when b" Oxxxxxx" => TRl _DATA[15..8].in =

(G\D, GN\D, VCC

when b"100001x" => TRI _DATA[15..8].in

when b"100010x" => TRI _DATA[15..8].in

when b"100100x" => TRI _DATA[15..8].in

G\D, VCC, VCC, VCC, G\D);
INT_VEC[7..0];
SECONDS_LSB | D[ 7..0];
SECONDS[ 15. . 8] ;



when others => TRI_DATA[15..8].in = (G\ND, GND, GND, G\D, G\ND, G\D, GND, G\D);
end case;

case (STATUS, AL[6..0])

i s %dd byte addresses%

when b" 00xxxxxx" => TRI_DATA[7..0].in = PROMq[7..0];
when b"0100000x" => TRI _DATA[7..0].in =
(SELECT_EXT_720, GND, G\ND, G\D, G\D, G\D, CR[1..0]);
when b"0100001x" => TRI _DATA[7..0].in =
(G\D, G\ND, G\ND, G\D, GND, INT_LEV[2..0]);
when b"0100010x" => TRI_DATA[7..0].in = SECONDS LSB 1D 7..0];
when b"0100100x" => TRI _DATA[7..0].in = SECONDS[7..0];
when b" 1xxxxxxx" => TRI_DATA[7..0].in = INT_VEC 7..0];
when others => TRI_DATA[7..0].in = (G\ND, G\ND, G\ND, G\D, GND, G\D, GN\D, G\D);
end case;
% nternal register connections to tri-state VMEbus dat a%
TRI _DATA[ 31..0].0e = STATUS # MODULE & /WRI TE;
D[ 31..0] = TRI_DATA[ 31..0]. out;
%/VEbus data bus buffer enabl es%
/LWENA = I (MODULE & !/ LWORD);
/H _ENA = ! (MODULE & (!/DS1 & /DSO # !/ LWORD));
/LO ENA = | (MODULE & (/DS1 & !/ DSO # !/ LWORD # STATUS));
N I I L %

o&el ect cl ock source | ocal
Y%synchroni ze ext ernal

Vs external

COUNT[ 0] . d = VCC,

COUNT[ O] .cl k =
COUNT[O].clrn =
COUNT[ 1] .d =
COUNT[ 1] .cl k =
COUNT[1].clrn =

%gr oss test external
COUNT[5..2].clk =
COUNT[5..2].clrn =

if COUNT[5..2] ==
el se COUNT[5..2] =

I/ PONER_SUPPLY_720;
' COUNT[ 1] ;

COUNT[ 0] ;

gl obal ( SYSCLK) ;
gl obal (/ SYSRST) ;

SYSCLK_DI VI DE[ 14] ;
/ SYSRST & ! COUNT[ 1] ;

COUNT[ 5..2] + 1;

end if;

15 then COUNT[5..2] =

720 Hz input.%

720 Hz to SYSCLK. %

720 Hz cl ock presence%

15;

PRESENT = COUNT[5..2] < 15;

% ine test external 720 Hz cl ock frequency%
EXT_720_TEST[ 14..0] = EXT_720_TEST[ 14..0] + 1;
EXT_720_TEST[ 14..0] . cl k = gl obal (SYSCLK);
EXT_720_TEST[14..0].clrn = ' COUNT[ 1] & / SYSRST;

EXT_720_TEST_COUNT[ 14..0].d = EXT_720_TEST[ 14..0] ;
EXT_720_TEST_COUNT[ 14..0].cl k = COUNT[ 1] ;
EXT_720_TEST_COUNT[ 14..0].clrn = gl obal (/ SYSRST);

U&el ect external
i f PRESENT then

720 HZ clock if present and within 1 percent

of 720

Hz %



i f (EXT_720_TEST_CQOUNT[ 14..0] < 22000
# EXT_720_TEST_COUNT[ 14..0] > 22444)
t hen SELECT EXT 720 = GN\D,
el se SELECT EXT 720 = VCC;
end if;
el se SELECT EXT 720 = GND;
end if;

% SELECT_EXT_720 drives front panel external 720 input LED%
/ SELECT = SELECT_EXT_720;

%li vi de 16 M-z SYSCLK to 720 Hz in case POWER SUPPLY 720 fail s%
SYSCLK_DI VI DE[ 14. . 0] . cl k = gl obal ( SYSCLK) ;
SYSCLK DI VI DE[ 14..0].clrn = gl obal (/ SYSRST)

i f SYSCLK DI VIDE[] == 22222 then SYSCLK DI VIDE[]= 0;
el se SYSCLK DI VIDE[] = SYSCLK DI VIDE[] + 1;
end if;

St retch | eadi ng edge of external 720 _Hz or divider to 1 usec%

0s[0].d = VCCG

OS[0].clk = (!/POANER_SUPPLY_720 & SELECT_EXT_720) # (SYSCLK DI VI DE[ 14] &
I SELECT_EXT_720);

o5[0].clrn =105 1]

os[1].d = O5[0];

OS[ 1] . cl k = gl obal (SYSCLK) ;

OS[1].clrn = / SYSRST;

% usec one-shot %
OS[5..2].clk = gl obal (SYSCLK) ;
OS[5..2].clrn = gl obal (/ SYSRST) ;

if OS[1] then OS[5..2] = OS[5..2] + 1;
elsif OS[5..2] !'= 0 then OS[5..2] = O§[5..2] + 1;
el se O5[5..2] = 0;

end if;

720_HzZ_CLOCK.d = OS[5..2] !'= 0;
720_HzZ_CLOCK. cl k = gl obal ( SYSCLK) ;
720 HZ CLOCK. cl rn = gl obal (/ SYSRST) ;

%’20HZ[ 9. .0] counts 720 Hz clock. 720 _HZ_CLOCK normally be derived fromthe
external POMNER_SUPPLY_720. If the external input fails the 720Hz is derived
from SYSCLK. The register is reset by a VMEbus wite to SECONDS[ 31..0].%

720HZ[9..0].clk = 720_HZ_ CLOCK;

720HZ[9..0].clrn= / SYSRST & ! SECONDS_TRI GGER;

if 720HZ[] == 719 then 720HZ[] = O;
el se 720HZ[] = 720HZ[] + 1;
end if;

YSECONDS[ 31..0] tabulates UNIX time in seconds. The register will normally be
preset to UNIX time. SECONDS[31..0] counts 1 second ticks derived fromthe



720HZ[ 9..0] counter%
SECONDS[ 31..0].clk = 720_HzZ CLOCK # SECONDS_TRI GGER;
SECONDS[ 31..0].clrn = gl obal (/ SYSRST);

i f SECONDS_ADDRESS then SECONDS[31..0] = D[31..0];
el sif SECONDS[31] then SECONDS[] = h"ffffffff";

el sif 720HZ[] == 719 then SECONDS[] = SECONDS[] + 1;
el se SECONDS[] = SECONDS[];
end if;

SECONDS_ADDRESS
SECONDS_TRI GGER

MODULE & (AL[6..0] == h"48") & !/LWORD & !/ WRI TE;
MODULE & (AL[6..0] == h"48") & SR[1] & !/LWORD & !/WRI TE;

%-ront panel pul se outputs%
720_Hz = 720_HzZ_ CLOCK;

YSRAM section used as a 1024x2 PROM The programming file is decode. mf.
decode. nm f decodes the outputs of the 720HZ[] counter %
DECODE. address[9..0] = 720HZ[9..0];

60_Hz.d = DECODE. q[ 0] ;
60_HZ.cl k = 720_HzZ CLOCK;
60_HZ.clrn = gl obal (/ SYSRST) ;

15 _Hz.d = DECCDE. q[ 1] ;
15 HZ. cl k = 720_HzZ_CLOCK;
15 HZ.clrn = gl obal (/ SYSRST) ;

%St reatch 60_HZ to drive both 720 & 60 front panel LEDs%
60_HzZ_ONE_SHOT[ 0] .d = VCC,

60_HZ_ONE_SHOT[ 0] . cl k = 60_Hz;

60_HZ_ONE_SHOT[ 0] .clrn = 160_HZ ONE_SHOT[ 1] ;
60_HzZ_ONE_SHOT[ 1] . d = 60_HzZ ONE_SHOT[ 0] ;

60_HZ_ONE_SHOT[ 1] . cl k = DI SPLAY[ 15];

60_HZ ONE_SHOTI[ 1] . cl rn = gl obal (/ SYSRST) ;

/60_HzZ = 160_HZ ONE_SHOIT[ 1];

YStreatch 15 HZ to drive front panel LED%
15 _HZ ONE_SHOT[0].d = VCC,

15 _HZ ONE_SHOT[ 0] .cl k = 15_Hz;

15 HZ ONE_SHOT[O].clrn = 115 HZ ONE_SHOT[ 1] ;
15 HZ ONE_SHOT[ 1] .d = 15_HZ ONE_SHOT[ 0] ;

15 HZ ONE_SHOT[ 1] .cl k = DI SPLAY[ 15];

15 _HZ ONE_SHOT[ 1] .clrn = gl obal (/ SYSRST);
/15 _HzZ = 115 HZ ONE_SHOIT[ 1];

%enerate 1, 4, and 64 second output = 720 cl ock.
Streatch to 4 ns for display LEDs%

1 SECOND.d = 720HZ[9..0] == 719;

1 SECOND. cl k = 720_Hz_ CLOCK;

1 SECOND. cl rn = gl obal (/ SYSRST) ;

1_SEC ONE_SHOT[0].d = VCC,
1_SEC ONE_SHOT[ 0] . ena = 720HZ[9..0] == 7109;



1 SEC ONE_SHOT[ 0] .clk = 720_Hz_CLOCK;

1 SEC ONE_SHOT[O].clrn = 11 _SEC ONE_SHOT[ 1] ;
1 SEC ONE_SHOT[1].d = 1_SEC ONE_SHOT[ 0] ;

1 SEC ONE_SHOTI[ 1] .cl k = DI SPLAY[ 15];

1 SEC ONE_SHOT[ 1] .clrn = gl obal (/ SYSRST);

4 _SECOND. ena = 720HZ[9..0] == 719;
4 _SECOND. d = SECONDS[ 1..0] == 3;

4 _SECOND. cl k = 720_HzZ_CLOCK;

4 SECOND. cl rn = gl obal (/ SYSRST) ;

4 SEC ONE_SHOT[0].d = SECONDS[ 1..0] == 3;

4 _SEC ONE_SHOT[ 0] . ena = 720HZ[9..0] == 719;
4 _SEC ONE_SHOT[ 0] . cl k = 720_HzZ_CLOCK;

4 _SEC ONE_SHOT[ O] .clrn = 1'4_SEC ONE_SHOI[ 1] ;
4 _SEC ONE_SHOT[ 1] .d = 4_SEC ONE_SHOT[ 0] ;

4 _SEC ONE_SHOT[ 1] . cl k = DI SPLAY[ 15] ;

4 SEC ONE_SHOT[ 1] .cl rn = gl obal (/ SYSRST) ;

64_SECOND. ena = 720HZ[9..0] == 719;
64_SECOND. d = SECONDS[5..0] == 63;
64_SECOND. cl k = 720_HzZ_CLOCK;
64_SECOND. cl rn = gl obal (/ SYSRST) ;

64_SEC ONE_SHOT[0].d = SECONDS[5..0] == 63;
64_SEC ONE_SHOT[ 0] . ena = 720HZ[9..0] == 7109;
64_SEC_ONE_SHOT[ 0] . cl k = 720_HZ_CLOCK;

64_SEC ONE_SHOT[ 0] .clrn = ! 64 _SEC ONE_SHOT[ 1] ;
64_SEC ONE_SHOT[1].d = 64_SEC ONE_SHOT[ 0] ;
64_SEC ONE_SHOT[ 1] .cl k = DI SPLAY[ 15] ;

64_SEC ONE_SHOT[1].clrn = gl obal (/ SYSRST);

%lrives front panel 1, 4, 64 LED%
/1 _SECOND = !'1_SEC ONE_SHOT[ 1] ;
/4_SECOND = !'4_SEC ONE_SHOT[ 1] ;

/ 64_SECOND = ! 64_SEC ONE_SHOI[ 1] ;

end;



