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10-7 GUI
Frequency Mode ON / OFF ON
Divider Mode ON / OFF OFF
25M (33M ') Hz
100MHz
Frequency 420MHz
CLKI 2MHz  420MHz? --
1 16(12' 1
Divider (127)
1 64 -
Feedback Mode Internal, CLKOP., User | ¢ kop
CLKFB T
- 1 16 (12 1
Divider (127)
1 10 -
Bypass PLL CLKOP=CLKI ON/ OFF OFF
) 25M (33M 1) Hz
Desired G 100MHz
Frequency >
5MHz 50MHz -
CLKOP| . - 2, 4, 8, 16, 32, 48,
Divider CLKOP (Divider Mode) 64, 80, 96, 112, 128 8
0.0,0.1,0.2,05, 1.0,
Tolerance CLKOP 2.0.5.0 10.0 0.0
Actual Frequency -- --
Enable CLKOS ON/ OFF OFF
Bypass PLL CLKOS=CLKI ON/ OFF OFF
Phase — Static CLKOS 0,22.5,45, ...,337.5 -
Duty — Static CLKOS 2 14 8
cLKkos Dynamic  Phase
with 50% Duty 50% ON/ OFF ON
Dynamic  Phase
with Dymanic ON/ OFF ON
Duty
Enable CLKOK ON/ OFF OFF
Bypass PLL CLKOK=CLKI ON/ OFF OFF
Desired 0.195MHz 210MHz 50MHz
Frequenc 3 -
CLKOK quency 0.016MHz 25MHz
Divider CLKOK (Divider Mode) 2 128 2
0.0,0.1,0.2,0.5, 1.0,
Tolerance CLKOK 20.5.0 10.0 0.0
Actual Frequency -- --
PLL Phase & Duty Option / Dynamic / Static Mode Static
; / / Dynamic / Static / No 4
Delay Adjust Delay No Delay
Provide PLL Reset PLL ON/OFF OFF
Provide CLKOK Divider
Reset CLKOK ON / OFF OFF
Import LPC to ispLEVER]| .Ipc
project ON/ OFF OFF
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3. f|N < 5MHz fOUTﬁmax =10* f|N
4. IPexpress “Delay Adjust” GPLL SPLL
10-8
CLKI CLKFB
““M=CLKI "
““N=CLKFB
““V=CLKOP
CLKOP = CLKI *N/M
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DLL
DLL DLL
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DLL
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GSR
GSR PLL DLL GSR
ENABLED DISABLED IPexpress GUI
ASIC “dll/dll_0_0" TYPE “CIDDLLA" GSR=DISABLED;
DLL
CLKI CLKFB DLL 100ps(
) HDL
( ) DLL LOCK_DELAY
High lIsec
Verilog:
defparam mydIl.mypll_0_0.LOCK_DELAY=500;
mydIl dll_inst (.CLKI(clkin) .CLKOP(clkl) .CLKOS(clk2)
VHDL:
LOCK_DELAY
PLL
ASIC “pli/pll_0_0" TYPE “EHXPLLA” LOCK_DELAY=200;
DLL
10-19 DLL
TRDLLA CIDDLLA
—{ CLKI CLKOP—— — | CLKI CLKOP|—— - - -
— RSTN CLKOS—— --—— CLKFB CLKOS —— - — -
—{ ALUHOLD LOCK—— | —— BSTN LOCK |—— |
—{ UDDCNTL DCNTLp=== | —— ALUHOLD |
| I
' |
l |
|\ _______ ]
DLL
DLL
"DLL

LatticeECP2/M 10-23 sysCLOCK UGJ



TN1103_01.6J Aug. 2008

10-9 DLL
TROLLA oL 4 0/90/180/ 270
CIDDLLA . DLL 4
DLL 1/0
10-10 DLL /0
/0
CLKI | /0
CLKFB | /o
RSTN | Low
ALUHOLD | |“1" ALU TRDLLA CIDDLLA
ClB High PIC
UDDCNTL | 2 High
DCNTL[8:0] 0
CLKOP 0
CLKOS o (fine) / 2 4
LOCK 0 High
DLL
(CIDDLLA)
DLL
DLL CLKI CLKFB
CLKI CLKFB (CLKOP CLKOS)
DLL 10-20
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10-20 DLL
CLKI CLKOP
|
CLKFB ClDDLL
CLOCK TREE
CLEI ‘ ‘ ‘
P Clock Injection Delay
CLOCK TREE
wilhout DL
CLEOPCLEOS _
al CLOCK TREE J ‘
wilh DLL —
DCNTL
CLKI DCNTL
DLL
DCNTL DLL DCNTL IPexpress CLKI 300MHz
700MHz
(TRDLLA 90 )
DLL (TRDDLLA) DCNTL 90
DDR 90<=
10-21
10-21
Dala |
——p Delay — D Q
ECLK Imjechion
[t
2 D-‘ DLLDEL |
' ECLK
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— P TRDLL
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IPexpress DLL

IPexpress DLL IPexpress GUI DLL
HDL
Usage Mode DLL ( Time Reference Delay TRDLLA
Clock Injection Delay Removal CIDDLLA) GUI
CLKI Frequency (CLKI ) MHz CLKI
CLKOS Divider (CLKOS ) CLKOS 2 4
CLKOS Phase Shift (CLKOS ) CLKOP CLKOS
CLKOP CLKOS 11.25<
CLKFB Feedback Mode (CLKFB ) DLL CLKOP
CLKOS User Clock CLKOP / CLKOS
User Clock DLL CLKFB
CLKFB Frequency (CLKFB ) User Clock
Provide RSTN Port (RSTN ) RSTN DLL
Enable GSR to Reset DLL (DLL GSR ) DLL GSR
RSTN
Provide DCNTL Port (DCNTL ) CLKI
DCNTL DCNTL DELAY
PLL /DLL
PLL DLL 3
PLL PLL
PLL DLL
DLL DLL
DLL PLL
DLL PLL PLL
IPexpress
IPexpress 2 1 <module_name>.[v | vhd]

<module_name>_tmpl.[v | vhd]
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10-22 CLKDIV
CLEDIVB

RST

CLKI CIDIVA

RELEASE  CDIv4

Chive
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HDL

PLL / DLL

FREQUENCY

CLKDIV

ChV2 ——

10-11 CLKDIVB

PLL

FPGA

CLKI

RST!

Low

RELEASE*!

CDIV1

CDIv2

CDIV4

(NP

CDIv8

1. RST

10-12 CLKDIVB

RELEASE VCC

GSR GSR

ENABLED / DISABLED

DISABLED

VHDL CLKDIV

COMPONENT CLKDIVB
-- synthesis translate off

LatticeECP2/M
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GENERIC (
GSR : in String) ;
-- synthesis translate on
PORT (
CLKI,RST, RELEASE: IN std logic;
CDIV1, CDIV2, CDIV4, CDIV8:0UT std logic) ;
END COMPONENT;

attribute GSR : string;
attribute GSR of CLKDIVinstO : label is “DISABLED”;

begin

CLKDIVinstO0:CLKDIVB

-- synthesis translate off
GENERIC MAP (
GSR => “disabled”

-- synthesis translate on
PORT MAP (
CLKI => CLKIsig,
RST => RSTsig,
RELEASE => RELEASEsig,
CDIV1 => CDIVlsig,
CDIV2 => CDIV2sig,
CDIV4 => CDIV4sig,
CDIV8 => CDIV8sig
)

end

Verilog CLKDIV

module clkdiv top (RST,CLKI,RELEASE,CDIV1,CDIV2,CDIV4,CDIV8);
input CLKI,RST,RELEASE;
output CDIV1,CDIV2,CDIV4,CDIVS;

CLKDIVB CLKDIBinstO (.RST(RST),.CLKI(CLKI), .RELEASE (RELEASE),
.CDIV1 (CDIV1l), .CDIV2(CDIV2), .CDIV4 (CDIV4),.CDIV8(CDIVS)) ;

defparam CLKDIBint0.GSR = "DISABLED";
endmodule
CLKDIV
(CLKDIV) 2 4
FPGA 110 (x2 x4)
8 /
110 CLKDIV
10-23 Mux / DeMux
I/O
Mux / DeMux
X2 x4 DLL CLKDIV
LatticeECP2/M 10-28
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10-23 CLKDIV
Data _— e
AP0 o [ . e
i} QEARING 16
(2%}
| PN | | s
A A
EGLK .‘ . [ N PrEmiany
nET CLKDIV Rk
. —
[ata I
A T o Q . e
i GEARING 16
[Fai]
. W MY o, S
A
CLK = ; SCLK
_.,. cKop | {Syslam Clock)
DLL
CLKDS | ] -
RELEASE RST 10-24
RELEASE
10-24 CLKDIV RELEASE
CLEI J | | | | L
| I |
RST 1 [ | 1
] | | L
o U0 U W L L L
| I | |
HELEASE | | |
| I |
CDNZ ! ! !
| | |
| I |
CDV4
i i i
| I |
Chg l l |
De-assarted RST T ﬁ y T Release synchronizes
R Clock slart counting outpuls
DLLDEL( Slave Delay Line)
DDR/SPI4
(DCNTL[8:0]) DLL 10-25  10-13
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DLLDELA
— CLKI CLKO
— DCNTLO
— DCNTLA
—1 DCNTL2
—1 DCNTL3
— DCLTL4
—1 DCNTLS
—1 DCNTLG
—— DCNTLY
—1 DCLTL8
10-13 DLLDELA I/O
/0
CLKI |
DCNTL[8:0] |
CLKO O
VHDL DLLDELA
COMPONENT DLLDELA
PORT (
CLKI :IN std logic;
DCNTLO :IN std logic;
DCNTL1 :IN std_logic;
DCNTL2 :IN std logic;
DCNTL3 :IN std logic;
DCNTL4 :IN std_logic;
DCNTL5 :IN std logic;
DCNTL6 :IN std logic;
DCNTL7 :IN std_logic;
DCNTL8 :IN std logic;
CLKO :0UT std_logic
) ;
END COMPONENT;
begin
DLLDELAinst0: DLLDELAl
PORT MAP (
CLKI => clkisig,
DCNTLO => dcntlOsig,
DCNTL1 => dcntllsig,
DCNTL2 => dcntl2sig,
DCNTL3 => dcntl3sig,
DCNTL4 => dcntl4dsig,
DCNTL5 => dcntl5sig,
DCNTL6 => dcntlésig,
DCNTL7 => dcntl7sig,
DCNTL8 => dcntl8sig,
CLKO => clkosig
)i
end
Verilog DLLDELA
LatticeECP2/M 10-30
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DLLO (TRDLLA) IPexpress
module ddldel top (rst,d,clkin,clkin2,clkout,aluhold,uddecntl,q);

input rst,d,clkin,clkin2,aluhold,uddcntl;
output clkout, g;

wire [8:0]DCntl int;
reg gint;

DLLO dllinstO0 (.clk(clkin2), .aluhold(aluhold), .uddcntl (uddcntl), .clkop(),
.clkos (), .dentl(DCntl int), .lock());

DLLDELA delinstO (.CLKI (clkin), .DCNTLO (DCntl int[0]), .DCNTL1 (DCntl int[1]),
.DCNTL2 (DCntl int[2]), .DCNTL3 (DCntl int[3]), .DCNTL4 (DCntl int[4]),
.DCNTL5 (DCntl_int[5]), .DCNTL6 (DCntl int[6]), .DCNTL7(DCntl int[7]),
.DCNTL8 (DCntl int[8]), .CLKO(clk90)); //synthesis syn black box

assign clkout = clk90;
assign g = gint;

alwayse@ (posedge clk90 or negedge rst)
if (~rst)
gint =1'Db0;
else
gint = d;

endmodule

DLLDELA
10-26 DLLDEL DLLDEL
90<=
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10-26 SPI14.2 DDR

H:;EEDE j\/‘» [-|'~|1Tr| ! [ 1| »

420 MHz .
LK CLEDN _
L
| o)
840 Mbps/ 420 MHz 4 <
Data/ CLE ?;]( 1 71
L &3] |
FLv Fixed Deday
DD Dynamic Dalay
Usars can salec! e daelay salling in IPexpress
12nS
Dala al Pin >{ >
CLE al Pin
1.2 ns
Data +
Inpechon Deday >
&0 © Shift 4 l
Injection Delay ]
DQSDLL DQSDEL
LatticeECP2/M DLL DQSDLL DQSDEL
DLL DLLDEL DDR
TN1102 LatticeECP2/M syslO
(DCS)
DCS 2
DCS 2 DCS
10-27 DCS
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10-27 DCS
DCS
— | CLKO
—CLK1  DCSOUT|——
— SEL
DCS
10-14 DCS 1/0O 8 10-15
10-14 DCS /O
I/1O
SEL
CLKO
CLK1
DCSOUT
10-15 DCS
SEL=0 | SEL=1
High CLKO | CLK1 POS
Low CLKO | CLK1 NEG
SEL High Low 0 CLK1 | HIGH_LOW
SEL High High 1 CLK1 | HIGH_HIGH
DCS MODE SEL Low Low CLKO 0 LOW_LOW
SEL Low High CLKO 1 LOW_HIGH
CLKO CLKO | CLKO CLKO
CLK1 CLK1 | CLK1 CLK1
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DCS
SEL
10-28

10-28 DCS MODE
DCS MODE = POS

owo | || _I_\_I_\_l_l L[ L I_I__LI_L

mB |

TP

I
SEL—\. E
oosour [ | [ | “ﬂﬂﬁﬂﬁrﬁ ]

SEL Falling edge: SEL Rising edge;
- Wait for CLK1 nsing edge. - Wait for CLKD nising edge,
latch output & remain high lateh cutput & remain high
- Switch output at CLKD rising edge - Switch ocutput at CLK1 nsing edge

wo [ [ 1] |U LT L L L L Ll' L
0 I T I I I_Ji |

— ] +———
oL (. / 1]
[ |
I |
oosoor [ | L0 LT LI L LT L
o |
SEL Falling edge: SEL Rising adge:
- Wait for CLK1 faling adge, - Wait for CLKO falling adgs,
latch output & remain low latch ouwtput & remain low
- Switch output at CLKD talling edge - Switch output at CLK1 faling edge
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10-28 DCS MODE

DCS MODE = HIGH LOW

CLK1

SEL

DCSoUT

- —— " —

= Swatch fow @& CLKY falling edge

- I SEL Iz low, output stays low at on
CLK1 nsing adpge. SEL must not
chargs during setup prics to faing alock

DCS MODE = HIGH_HIGH

CLK1

SEL \

DCSoUT

- — -

I
I
1
I
f
[
I

« Switch high @CLK1 rising edge
- Il SEL is low, output stays low high
on CLKT falling edge

VHDL DCS

COMPONENT DCS

-- synthesis translate_ off
GENERIC (
DCSMODE : string := “POS”
) .

-- synthesis translate on

PORT (

CLKO :IN std logic;

CLK1 :IN std logic;

SEL:IN std logic;

DCSOUT :0UT std logic) ;
END COMPONENT;

attribute DCSMODE : string;

Aug. 2008

DCS MODE = LOW _LOW

CLKD

SEL

DCSOUT

o ———

|
I
I
|
|
|
|

- Switch low @CLKD faling edpe

= It SEL is high, cutput stays low at
on CLKO rising edge

DCS MODE = LOW_HIGH

CLKD

DCSOUT

- —————— —

- Switch high @ CLKO rising edge
= I SEL is high. output stays high on
CLHD falling edge

attribute DCSMODE of DCSinst0 : label is “POS”;

begin

DCSInst0: DCS

-- synthesis translate_ off
GENERIC MAP (
DCSMODE => “POS”
)

-- synthesis translate on

LatticeECP2/M
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PORT MAP (

SEL => clksel,
CLKO => dcsclkO,
CLK1l => sysclkl,
DCSOUT => dcsclk
);

end

Verilog DCS

module dcs(clk0,clkl, sel,dcsout) ;
input clk0, clkl, sel;
output dcsout;

DCS DCSInst0 (.SEL(sel), .CLKO(clkO0), .CLK1l(clkl), .DCSOUT (dcsout)) ;

defparam DCSInst0.DCSMODE = "CLKO";
endmodule
(OSCD)
LatticeECP2/M 2.5M
130MHz
(
)
10-16 OSCD
/10
Output OSC
10-17 OSCD
(MHz)
. 2.5, 4. 4, 6. .1,9.2,10.0, 13.0, 15.0, 20.
Nominal Frequency NOM_FREQ 5 o,3ég.o,’ 36’34?6,841’.3, 4'5.8, %’5.3, %’o.g, Y500 2.5
OSC (OSCD)
10-29 OSC
QSCD

(::::) CFGCLK ——

VHDL 0sC

COMPONENT OSCD
-- synthesis translate off
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GENERIC (NOM_FREQ: string) ;
-- synthesis translate on

PORT (CFGCLK:OUT std logic) ;

END COMPONENT;

attribute NOM_FREQ : string;
attribute NOM_FREQ of 0SCins0 : label is “2.5”";

begin

O0SCInst0: OSCD
-- synthesis translate off

GENERIC MAP (NOM FREQ => “2.5")
-- synthesis translate on

PORT MAP ( CFGCLK=> osc_int);
end

Verilog 0osC

module OSC_TOP (OSC_CLK) ;
output 0SC_CLK;

OSCD 0SCinst0 (.CFGCLK(OSC_CLK)) ;

defparam 0SCinst0.NOM FREQ = "2.5";
endmodule
10-30 10-31 PLL DLL 1
PLL/DLL
10-30 (LatticeECP2)
SPLL PIO lh\\\ - SPLL PG
: P LK = SPLL:;[Kl - | :
- N -
GPLL P —a—- - —e— GPLL PO
'____:: P LK CLE] l—— ::__"_
GPLL GPLL
> -
DL PID) Rl - r//qﬂql- DLL PICH
> — = LK CLK rel— :::f_
DLL DLL
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SPLLPIO | —@—

SPLL PIO

GPLLPIO | —@—

|
_-.,
DLL PIO —I:

SPLLPIO

LatticeECP2M)
T
I
I
I
I
P CLKI | CLKI |——
1
SPLL | SPLL
1
1
1
:
—— CLKI | CLKI [el—
I
SPLL | SPLL
I
I
|
QUADRANTTL : QUADRANT TR
_________________________ LTIl
QUADRANT BL | QUADRANT BR
|
I
—®{ cLKI | CLk! [—]
GPLL ! GPLL
I
I
1
1
|
P CLKI : CLKl [—
DLL ! DLL
I
I
I
I
:
— = CLKI | CLKI |g—]
SPLL | SPLL
1
1
1

PLL
ECP2 ECP2M
1.2v
1.2v
DLL FPGA

LatticeECP2/M

ECP2-6, ECP2-12, ECP2-20

VCC

PLL VeepLL

10-38

SPLLPIO

SPLLPIO

GPLL PIO

DLL PIO

SPLLPIO

ispLEVER
iISpPLEVER
PLL VCC

Vee  VeerLL
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1, Secondary clock (p.10-3); "quadrant" --> “region”
2, 105

3, 10-8 10-9; tSU -->tRSTREC
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5
6
7
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, LatticeECP2/M PLL Modules (p.10-10) 10-10;
, 10-11. LatticeECP2/M PLL Library Symbols (p.10-11);
, Optional External Capacitor (p.10-13); 1MHz --> 2MHz

, 10-14/-15; 10-15
9, 10-7; 1, CLKOK2 2, 4
10, 10-8; 1.

11, UDDCNTL Input (p.10-20); DCNTL --> DCNTL[8:0]

12, Duty Cycle Selection (p.10-20);

13, DLL Lock Time Control (p.10-20); "This option is also available in the IPexpress GUI."
14, DLL Library Definitions (p.10-21); "three modes" --> "two modes"

15, CIMDLLA (p.10-22);
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16, CIMDLLA
DLL Overview (p.10-19)
10-10 ALUHOLD (p.10-21)

Configuration Tab - Usage Mode (p.10-23)
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ASIC "my_dIlI* TYPE "CIMDLLA" .... --> "TRDLLA"
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10-19, 10-9/-10 DLL (p.10-21)
CLKDIV (p.10-24)
DCS (pp.10-29:30)
OSC Library Symbol (OSCD) (p.10-34)
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A
10-32 LatticeECP2

LatticeECP2

A

] o e o oo o e o W e N f i eV
CLKOP | HaLKOR
SPLLY CLKOS HOLKDS & a4
CLKOK | i
CROP |- [
SPLys QKOS [ - OLK0S  sPLLr
CLHOK |~ g Ll
= ML Primary Clocks in Center Switch Box il gy
GiMLL QKOS |t + CLKOS e |
CLROK | it
CLEOP 1 FPLLY - Avniablo m LathcoE CF2-70 1 CLKO
DL koS H SPLLE - Avababll in Laflioof CP:2.50 mned ko dovicos KOS DLl
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CLKIVT 1 —TOLED
CLKDIVE KDY
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CLKDAVA |- TN,
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| I
|
=7
| .
1 Ricaling
|
YYYVYYY
:lri\:( W L Jl:l.i." e -I:I. K
GUADRANT BL GUADRANT BR
10-33 LatticeECP2
VCC
18 PLLoutputs®  — 15 PLL outputs” —.r"—h-\
4 DLL outputs B
8 CLKDIVoutputs £ BCLKDIV outputs 4 gl &
4 PCLK pins A 4 PGLK pins /- R
General Routing  ——p 2from General 4 gl
/ Routing /
*LatticeECP2-50 has twelve PLL sutputs *LatticeECP2-50 has ten PLL outputs
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-1 ] 5
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BPLL DLL CLKIDV ECLK
10-36 PLL DLLs CLKDIV ECLK
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ASIC
CIMDLLA CLKOP 90°

ASIC "my_dIl" TYPE "TRDLLA" CLKOP_PHASE=90;

FREQUENCY
clkl 100 MHz

FREQUENCY NET "clk1" 100 MHz;

FREQUENCY NET "RX_CLKA_CMOS_c" 100.000 MHz HOLD_MARGIN 1 ns;

MAXSKEW
NetB 5ns
MAXSKEW NET "NetB" 5 NS;
MULTICYCLE
COMPA  COMPB (NET1)

MULTICYCLE "PATH1" START COMP "COMPA" END COMP "COMPB" NET "NET1" 50 NS ;

PERIOD
Clk1 30 ns
PERIOD PORT "CIk1" 30 NS;
PROHIBIT
bf clk
PROHIBIT PRIMARY NET "bf_clk”;
USE PRIMARY

USE PRIMARY NET clk_fast;
USE PRIMARY DCS NET "bf_clk";
USE PRIMARY PURE NET “bf_clk” QUADRANT_TL;

USE SECONDARY

LatticeECP2/M 10-43
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USE SECONDARY NET "clk_lessfast" QUADRANT_TL;
USE EDGE

USE EDGE NET “clk_fast”;
CLOCK_TO_OUT

2 CLKPORT CLKNET
TRACE
CLKNET PLL PLL

CLOCK_TO_OUT PORT "RxAddr_0" 6.000000 ns CLKNET “pll_rxclk" ;

Physical Path Details:
Clock path pll_inst/pll_utp_0_0 to PFU_33:
Name Fanout Delay (ns) Site Resource

ROUTE 49 2.892 ULPPLL.MCLK to R3C14.CLKO pll_rxclk

2.892  (0.0% logic, 100.0% route), O logic levels.
CLKPORT PLL

CLOCK_TO_OUT PORT "RxAddr_0" 6.000000 ns CLKPORT "RxCIK" ;

Clock path RxClk to PFU_33:

Name Fanout Delay (ns) Site Resource

IN_DEL --- 1.431 D5.PAD to D5.INCK RxCIlk

ROUTE 1 0.843 D5.INCK to ULPPLL.CLKIN RxClk_c
MCLK_DEL  --- 3.605 ULPPLL.CLKIN to ULPPLL.MCLK pll_inst/pll_utp_0_0
ROUTE 49 2.892 ULPPLL.MCLK to R3C14.CLKO pll_rxclk

8.771  (57.4% logic, 42.6% route), 2 logic levels.
INPUT_SETUP
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INPUT_SETUP PORT "datain" 2.000000 ns HOLD 1.000000 ns CLKPORT "clk" PLL_PHASE_BACK ;

PLL_PHASE_BACK

INPUT_SETUP
PLL
PLL PHASE BACK
CLKOS  -90° 270° PLL_PHASE_BACK
INPUT_SETUP
PLL_PHASE BACK

PLL_PHASE_BACK

1. (Pre-Map)

2. View Spreadsheet View

3. Spreadsheet View Input_setup/Clock_to_out

4. INPUT_SETUP/CLOCK_TO_OUT 10-37

10-37 INPUT_SETUP/CLOCK_TO_OUT
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