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Outline / Discussion Items

Next Round Items
— |tems

Test Framework

— Diagram

NIKHEF PLL Project

— Diagram, some clarification needed

PLL Project Integration
— Can we use current framework?

(NIKHEF PLL Code)

— For reference
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Next Round — Items

* Agenda
— PLL tests
— Revisit RAM/ROM (additional statistics)

* Need FPGAs

— Need to purchase additional A3PE1500s

— Suggest: 2-4 A3PE1500s (~$150), 2-4 A3PE1500-2 (~$250) 320MHz
* Other

— Modify current monitoring
— Finish annealing

 Schedule

— Possible slot early Dec, more next calendar year

* Costs
— NPTC-MGH is ~700 S/beam-hour (comparable to IUCF)
— Previous rounds: ~10KS each (incl. travel costs)
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Test FrameworE

PLL with
Frequency
Selection

Shift Register Chain
>

Trigger Bit

core section

framework

* Framework * General Procedure for data runs
— Simple read/write to LabVIEW — Configure (if needed)
— Run for a fixed amount of time (~3.5 — From LabVIEW: Set CLK freq, and Start

mins), uses a trigger bit (e.g. 233 MSB
tunable)

Select different frequencies: 40, 80,

(enable PLL CLK)

Irradiate (wait for fixed dose in a given
run)

160, 240 MHz _

— Triple voting in the design with 3 result _
counters (internal)

* Physical constraint to place main

section in central region of FPGA

End (disable PLL CLK), after beam off
Read out results (write to LabVIEW)

* Same procedure for SEU/RAM/ROM,
with different core sections to code

e Can adapt for PLL code?
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NIKHEF PLL Project

Clock check PLL clock runs
jumper 3.5 cm [
pin26  pin22 Hit  TDC TDC check
40 MHz cka PLL eLc Clkx8 90°
6LB Clkx8 O° TDC out TDC value
RJ45 GLA Clkx2 TDC set value
RX3 Powerdown Lock Reset [— Reset
SW6 |
L bit0:3[ | bit4
g @ @ —
u13 v14
u2:hitreg:rtl{W})
Hit & ® hit tdo{4:0) »
UZ:lvdsin:DEV_ARCHV) tde value{4:0) & —w—  tde value{4:0) wvalid »
ul:gate:rtl{V) tdc ok
reset_lvds_p ® »PADP inp1 ul:PLL320:DEF_ARCH)
reset_lvds_n e = PADN outp > - ER NGLE e » clk_90 plldl;:u:: :
®inp2 GLB = clk D led th[;ﬂ:ll-
Reset » GLA = = clkB0 led tT:I {*.
clk40 am» CLKA - ksl _tdc_oe_n
LOCK » —ain led_pllclk_runs_n »
clkdd = - =
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PLL clock error

X b7

—w— e tdc{4:0)
= wvalid
* tdc ok

== led_tdo{4:0)
= led_tdc ok_n
* led_pllclk_runs_n

= pll_lodk

RJ45
TX4
All ok
TX3
| TDC ok
TDC error
—————(X) D8
TDC value ®

(X) b1-D5

uf:lvds_out1:DEV_ARCHW)

» Data PADP »
PADN »

F pliclk_runs_lvds_p
= pllclk_runs_lwvds_n

= pliclk_runs
- all_ok

ud:lvds_out1:DEV_ARCHW)

» Data PADP »
PADN »

F all_ok_lvds_p
= all_ok_lvds_n
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PLL clock runs

PLL Project Integration

Clock check
jumper 3.5 ¢ M
pin2b — pin22 Hiy  TDC
40 MHz cka PLL 6L Clkx8 90°
GLB Clkx8 0° TDC out
RJ45 GLA Clkx2
RX3 Powerdown Lock Reset

1
" i Keep as SW

~
Se—

TDC check

TDC value

TDC set value
Reset

TDC ok

TDC error

All ok

TDC value

X s

PLL clock erro

(X) b1-D5

hex"D"

hex"O"

u13

v14

Comparison value,
Can keep as switches

X b7

Keep as LEDs

Result
CTR x3

uf:lvds_out1:DEV_ARCHW)

» Data PADP »
PADN »

u2:hitreg:rtl{W})
Hit & * hit tdc{4:0) » —w— = tdo{4:0)
u3:lvdsin:DEV_ARCHV) tde value{4:0) & —w—  tde value{4:0) wvalid » = wvalid
ul:gate:rtl{V) tdc_ok » ¥ tde_ok
reset_lvds_p» * PADP v > inp1 ul:PLL320:DEF_ARCHW)
reset_lvds_n e = PADN outp > - ER NGLE e » clk_90 plldl;:u;: :
— T g::i : : 3:53 led_tdci4:0) » —w— & led_tdci4:0)
Clk40 -am e CLIA - ksl led tdc ok nw = led_tdc ok_n
LOCK » —ain led_pllclk_runs_n »
clidd = =

R. Mountain, Syracuse University

= pll_lodk

* led_pllclk_runs_n

F pliclk_runs_lvds_p

= pllclk_runs_lwvds_n

» Data PADP »
PADN »

= pliclk_runs
- all_ok

ud:lvds_out1:DEV_ARCHW)

F all_ok_lvds_p
= all_ok_lvds_n
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NIKHEF PLL Code (1)

hitreg.txt

-- hitreg.vhd

-— EASE/HDL begin ————--ommmmmm e

-- Architecture 'rtl’ of entity ‘hitreg’.

-- copy of the interface declaration:

Tlibrary IEEE;

use IEEE.std_logic_1164.al17;

use IEEg.std_logic_unsigned.all;
Tlibrary proasic3e;

use proasic3e.all;

entity hitreg is

hitreg.txt
tdc_wvalue_i(0) <= not tdc_value(o); --hex switches are inverted
tdc_wvalue_i(1) <= not tdc_value(l);
tdc_wvalue_i(2) <= not tdc_value(2);
tdc_wvalue_i(3) <= not tdc_value(3);
tdc_wvalue_i(4) <= not tdc_value(4);
hit_in <= hit;

rocess(clk_0,rst_n)
egin
if rst_n = '0' then
shrego <= (others == "0');
elsif rising_ edﬁe(c]k _0) then
shreg0(7) <= hit_in;
shrego(6 downto 0) <= shreg0(7 downto 1);
end if;
end process;

rocess(c1k_90,rst_n)

egin
port( gf rst_n = ‘0" then
all_ok : out std_logic; shregl <= (others = '0'});
clk40 : in std_logic; elsif rising_ edﬁe(c]k _90) then
cl1kso : in std_logic; shregl(7) <= hit_in;
clk_0 : in std_logic; shregl(6 downto 0) <= shregl(7 downto 1};
clk_90 : in std_logic; end if;
hit : in std_logic; end process;
led_pTiclk_runs_n : out std_logic;
Ted_tdc T out std_logic_vector(4 downto 0); rocess(clk_0,rst_n)
Ted_tdc_ok_n : out std_logic; egin
p1lclk_runs D out std_logic; if rst_n = "0’ then
rst_n :in std_logic; shreg2 <= (others => "0");
tdc : out std_logic_vector(4 downto 0); elsif falling_ edge(dk _0) then
tdc_ok T out std_leogic; shreg2(7) <= hit_in;
tdc_value : in std_logic_vector(4 downto 0); shreg2(6 downto 0) P shreg2(7 downto 1);
valid : out std_logic); end if;
end process;
end hitreg;
rocess(clk_90,rst_n)
—- EASE/HDL end —--—-——- oo oo oo egin
if rst_n = "0' then
architecture rtl of hitreg is shreg3 <= (others => '0');
elsif falling_ edge(c]k 90) then
signal shrego : std_logic_vector (7 downto 0) ; -- clocked by 320MHz rising shreg3(7) <= hit_in;
edge shreg3(6 downto 0) <= shreg3(7 downto 1);
signal shregl : std_logic_vector (7 downto 0) ; -- clocked by 320MHz 90 deg. end if;
rising edge end process;
signal shreg2 : std_logic_vector (7 downto 0) ; -- clocked by 320MHz falling
edge process(cl1k40,rst_n)
si?na] shreg3 : std_logic_vector (7 downto 0) ; -- clocked by 320MHz 90 deg. begin
alling edge if rst_n = "0’ then
signal reg0 : std_logic_vector (7 downto 0) ; -- clocked by 40MHz rising regld <= (others == "0");
edge elsit falling_ edge(c1k40) then
signal regl : std_logic_vector (7 downto 0) ; -- clocked by 80MHz rising regd <= shreg0;
edge end if;
s;gna] reg2 : std_logic_vector (7 downto 0) ; -- clocked by 40MHz rising end process;
edge
S;Sna] reg3 : std_logic_vector (7 downto 0) ; -- clocked by 80MHz rising rocess(clk40,rst_n)
edge egin
s‘igna] hitreg : std_logic_vector (31 downto 0) ; gf rst_n = '0' then
signal chan_i : std_logic_vector (4 downto 0) ; regl <= (others => "
signal ent_0 : std_logic_vector (2 downto 0) ; elsit falling_ edge(c1k40) then
signal ent_90 : std_logic_vector (2 downto 0) ; regl <= shregl;
signal cnt80 : std_logic_vector (1 downto 0) ; end if;
signal lockent : std_logic_vector (3 downto 0) ; end process;
signal T1d_valid : std_logic;
signal hit_in : std_logic; rocess(clk80,rst_n)
signal ﬁl]'lc'lk_runs_i : std_logic; egin
signal led_pllclk_runs_i : std_logic; if rst_n = "0' then
signal tdc_ok_i : std_logic; reqg2 <= (others => '0');
signal Ted_tdc_ok_i : std_logic; elsi r"'IS'\I‘IE edge (c1kso) then
signal Ted_chan_i : std_logic_vector (4 downto 0); reg2 <= shregz;
signal tdc_value_i : std_logic_vector (4 downto 0); end if;
end process;
begin

rocess(cl1k80,rst_n)
egin
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NIKHEF PLL Code (2)

hitreg.txt hitreg.txt
if rst_n = 0" then Td_valid <= "17;
reg3 <= (others => "0'); elsif hw'treg(B) = 0 and hitreg(9) = '1° then
elsif rising_edge(clksn) then chan_i <=""01000"
reg3 <= shreg3; Td_valid <= "17;
end if; elsif hitreg(9) = '0" and hitreg(10) = "1’ then
end process; chan_i <= "01 001 H
1d_valid <= "1°
rocess(clk40, rst_n) elsif hwtreg(lo) 0' and hitreg(1l) = '1' then
egin chan_i <=
if rst_n = '0" then Td_valid <= 'l';
h1tr‘eg <= (others => '0"); elsif hw'treg(ll) = " and hitreg(12) = '1' then
elsif rising_edge(clk40) then chan_i <= 01011"
hitreg(0) <= reg0(0); Td_valid <= "1°;
hitreg(l) <= rEgl(O); elsif hﬂ:reg(lz) = ' and hitreg(13) = '1' then
hitreg(2) <= reg2(0); chan_i <= "01100"
hitreg(3) <= reg3(0); Td_valid <= "1°;
hitreg(4) <= rego(l); elsif hwtreg(l_’,) = and hitreg(14) = "1" then
hitreg(5) <= regl(l); chan_i <= "01101"
hitreg(6) <= reg2(l); Td_valid <= "1°;
hitreg(7) <= reg3(l1); elsif hwtreg(ld) = " and hitreg(15) = '1' then
hitreg(8) <= reg0(2); chan_i <= 01110"
hitreg(9) <= regl(2); Td_valid <= '1";
hitreg(10) <= reg2(2); elsif hwtreg(ls) = " and hitreg(16) = '1' then
hitreg(1l) <= reg3(2); chan_i <= 01111"
hitreg(12) <= reg0(3); 1d_valid <= '1';
hitreg(13) <= regl(3); elsif hwtreg(lﬁ) = " and hitreg(17) = '1' then
hitreg(14) <= reg2(3); chan_i <= "10000";
hitreg(15) <= reg3(3); ld_valid <= "1°;
hitreg(16) <= rego(4); elsif hwtreg(l?) = and hitreg(18) = "1' then
hitreg(17) <= regl(4); chan_i <= "10001"
hitreg(18) <= reg2(4); Td_valid <= "1°;
hitreg(19) <= reg3(4); elsif hwtreg(ls) = " and hitreg(19) = "1' then
hitreg(20) <= reg0(5); chan_i <= "10010"
hitreg(21) <= regl(5); Td_valid <= '1";
hitreg(22) <= reg2(5); elsif hwtreg(lg) = and hitreg(20) = '1" then
hitreg(23) <= reg3(5); chan_i <= 10011"'
hitreg(24) <= reg0(6); Td_valid <= '1";
hitreg(25) <= regl(6); elsif hwtreg(zo) = and hitreg(21) = '1" then
hitreg(26) <= reg2(6); chan_i <= "1010 0"
hitreg(27) <= reg3(6); 1d_valid <= "1°;
hitreg(28) <= rego(7); elsif hﬂ:reg(Zi) and hitreg(22) = '1" then
hitreg(29) <= regl(7); chan_i <= "10101"
hitreg(30) <= reg2(7); ld_valid <= "1°;
hitreg(31) <= reg3(7); elsif hwtreg(zz) = " and hitreg(23) = "1" then
end if; chan_i <= "10110"
end process; Td_valid <= "17;
elsif hwtreg(z_’,) and hitreg(24) = '1" then
process({cl1k40,rst_n) chan_i <= "10111"
begin 1d_valid <= "1°;
if rst_n = '0" then elsif hwtreg(24) = and hitreg(25) = '1" then
chan_i <= (others == '0"); chan_i <= "11000"
Td_valid <= '0°; Td_valid <= '1°;
elsif risin edge(c1k40) then elsif hwtreg(ZS) = and hitreg(26) = '1' then
if hitreg%()) =] ' and hitreg(1) = "1" then chan_i <= "11001";
chan_i <= 00000 Td_valid <= '1':
Td_valid <= "1°; elsif hw'treg(Zﬁ) = " and hitreg(27) = 1" then
elsif h'ltreg(l) = 0 and hitreg(2) = "1 then chan_i <= "11010"
chan_i <= "00001" 1d_valid <= "1°;
Td_valid <= "1° i elsif hwtreg(Z?) " and hitreg(28) = "1" then
elsif hitreg(2) = and hitreg(3) = '1' then chan_i <= "11011"
chan_j <= ”00010" Td_valid <= '1";
Td_valid <= "1"; elsif hwtreg(zs) = and hitreg(29) = '1" then
elsif h1treg(3) = and hitreg(4) = "1' then chan_i <= "111 00"
chan_i <= ”00011" Td_valid <= '1°;
1d_valid <= '1" elsif hwtreg(zg) and hitreg(30) = '1" then
elsif h1treg(4) = and hitreg(5) = "1' then chan_i <= "11101";
chan_i <= ”00100" 1d_valid <= "1";
Td_valid «= "1° elsif hﬂ:reg(ao) = and hitreg(31) = '1' then
elsif h'ltreg(S) = ' and hitreg(6) = "1' then chan_i <= "11110"
chan_i <= 00101': Td_valid <= "1°;
Td_valid <= "1°; elsif hﬂ:reg(Sl) = " and rego(0) = "1" then
elsif hitreg(6) = 0" and hitreg(7) = '1' then chan_i <= "11111"
chan_i <= "00110"; Td_wvalid == "1°;
Td_valid <= '1'; else
elsif hitreg(7) = and hitreg(8) = "1' then chan_i <= "00000";
chan_i <= "0011 1"; Td_valid <= "0";

Page 3 Page 4



NIKHEF PLL Code (3)

hitreg.txt hitreg.txt
end if;
end if; rocess(clk40,rst_n)
end process; egin
if_rst_n = '0' then

-- check if tdc value is oK
rocess(clk40,rst_n)

if rst_n = '0" then
tdc_ok_i <= "0°;

elsif fallin edge(c]k40) then
if 1d_vali 1" then

if chan_i = tdc_value_i then
tdc_ok_i <= "1";
else
tdc_ok_i <= '0";
end if;
else
NULL ;
end if;
end if;
end process;

-- check if all clocks are running
rocess{clk_0,clk40)
egin
if clkd40 = '0" then
cnt_0 <= (others =» '0');
elsif rising_edge(clk_0) Then
cnt_0 <= cnt_0 + 1;
end if;
end process;

rocess(clk_20,c1k40)
egin
if clk40 = '0" then
cnt_90 <= (others == '0');
elsif rising_edge(clk_90) then
cnt_90 <= cnt_90 + 1;
end if;
end process;

rocess(cl1kso,clk40)
egin
if clk40 = '0° then
cnt80 <= (others => '0');
elsif rising_edge(clk80) Then
cnt80 <= cnt80 + 1;
end if;
end process;

rocess{clk40,rst_n)
egin
if rst_n = 0" then
pliclk_runs_i <= "0";
elsif falling_edge(clk40) then
if (ent_0 = "100" or cnt_0 =
"01" then
pllclk_runs_i <= "1°;
else
pllclk_runs_i <= "0";
end if;
end if;
end process;

process(clk40,rst_n)
begin
if rst_n = '0° then
lockent <= (others => '0');
elsif rising_ed e(c]kdo) then
if lockent = "0111" then
lTockcnt <= Tlockent;
else
lockcnt <= lockent + 1;
end if;
end if;
end process;

"011") and (cnt_90 = "011") and cnt80 =

led_chan_i <= (others => "0")

elsif rising_ edge(c1k40) then
if_Tlockent = "0110" then
led_chan_i <= chan_i;

elsif lockent = "0111" then

if tdc_ok_i = '0' then
led chan_i <= chan_i;
else
NULL ;
end if;
end if;
end if;

end process;

rocess(clk40,rst_n)
egin
if_rst_n = '0' then
led_tdc_ok_i <= "0’
elsif rising_ edge(c]k:lo) then
if_Tockent = "0110” then
led tdc ok i <= "1°
elsif lockent "0111" then
if tde_ok_i '0" then
led_tdc_ok_i == "0";
else
NULL;
end if;
end if;
end if;
end process;

rocess(clk40,rst_n)
egin
if_rst_n = '0" then
Ted pliclk_runs_i <= '0’;
elsif rising_ Edge((]kdo) then
if lockent = "0110" then
Ted_p1icTk_runs_i <= "1°;

elsif lockenT = "0111" then
if pllclk_runs_i = '0° then
Ted_pliclk_runs_i <= "0’
else
NULL;
end if;
end if;
end if;

end process;

all ok <= "1" when led p1lclk_runs_i

pllclk_runs <= Ted_pliclk_runs_i;
tdc_ok <= tdc_ok_i;

tdc <= chan_i;

valid <= Td_valid;

led_pllcTk_runs_n <= not led_pllclk_runs_i;

led_tdc_ok_n <= not led_tdc_ok_i;
led_tdc <= led_chan_i;

end architecture rtl ; -- of hitreg

--initial value

--save error value

-- save error until reset

--initial value

-- save error until reset

--initial value

'1" and led tdc_ok_i



