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AN 115: Using the ClockLock & ClockBoost Features in APEX Devices

APEX 20K APEX 20KE
Clock-to-Output

clock D—O °

a2 b q O—@

= treg H leLock + tskew = Ipata

Isy=trec su™ Ipata— lcLock — tskew

tco=tcrock * tskew* trec_co * loutput

Ons (ty)
Ons
ClockLock
PLL(Phase-Locked Loop) DLL(Delay-Locked Loop)
PLL DLL
PLL DLL
DLL min

PLL min
CIOCkLOCk ClockLock ClockBoost
CIOCkBOOSt APEX 20K ClockLock ClockBoost
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AN 115: Using the ClockLock & ClockBoost Features in APEX Devices

APEX 20K APEX 20KE

APEX 20K APEX 20KE ClockLock (1)
ClockBoost Clockshift| T1/E1 LVDS | LVDS
PLL
EP20K100 1 1x, 2x, 4% — — — — — —
EP20K200 1 1x, 2%, 4% — — — — — —
EP20K400 1 1x, 2%, 4% — — — — — —
EP20K100E 2 m/(n x k) (2) 1 1 v v v —
EP20K160E 2 m/(n x k) (2) 1 1 v v v —
EP20K200E 2 m/(n x k) (2) 1 1 v v v —
EP20K300E 4 m/(n x k) (2) 2 2 v v v v
EP20K400E 4 m/(n x k) (2) 2 2 v v v v
EP20K600E 4 m/(n x k) (2) 2 2 v v v v
EP20K1000E 4 m/(n x k) (2) 2 2 v v v v
(1)' ClockLock ClockBoost APEX 20K "X
: EP20K400FC672-1X
2 m n k 1 16
APEX 20K
APEX 20K PLL ClockLock
25MHz 133MHz
APEX 20K ClockBoost 1x 2%
4x

ClockLock ClockBoost
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AN 115: Using the ClockLock & ClockBoost Features in APEX Devices

APEX 20K ClockLock ClockBoost

A ClockBoost
|
Clodkbock
ClockLock ClockBoost
x X x x x x
ClockLock
ClockBoost
LE /0 (IOE)
(ESB) ClockLock
ClockBoost APEX 20K
Clock 0 Clock 1
1x 2x
1x 4%
2% 4x
[ Quartus™ APEX
20K ClockLock ClockBoost
Quartus APEX
(GCLK1) PLL
ClockLock ClockBoost
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AN 115: Using the ClockLock & ClockBoost Features in APEX Devices

APEX 20K ClockLock ClockBoost
APEX 20K ClockLock ClockBoost o) 2)
fOUT 25 200 MHz
ferk (ClockBoost 1 25 200 MHz
)
fCLKZ (ClockBoost 2 16 100 MHz
)
forka (ClockBoost 4 10 48 MHz
)
toutputy ClockLock ClockBoost 40 60 %
tr 5 ns
te 5 ns
tiock ClockLock ClockBoost 10 us
o)
tskew ClockLock/ClockBoost 500 ps
tyrter ClockLock/ClockBoost 250 [0 (5) ps
o)
lincLksTs ( ) 100 1 (5) ps
(1)
() PLL
3) ClockLock ClockBoost
ClockLock ClockBoost
)
(5) 50ps tirrer 200ps
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AN 115: Using the ClockLock & ClockBoost Features in APEX Devices

APEX 20K ClockLock

APEX 20K ClockLock
110 (1)
GCLK1 ClockLock ClockBoost 2.5V 1/0 LVCMOS
LOCK ClockLock ClockBoost LVTTL 3.3V PCI
ClockLock ClockBoost
LOCK

High LOCK
High

(1) LVCMOS: Low-Voltage Complementary Metal-Oxide Semiconductor, LVTTL: Low-Voltage Transistor-to-Transistor Logic, PCI:
Peripheral Component Interconnect.
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LVDS ClockShift
T1/E1 ClockLock
ClockBoost APEX 20KE
ClockLock ClockBoost
APEX 20KE ClockLock ClockBoost

~ o)

ClockShift

ClockLock
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AN 115: Using the ClockLock & ClockBoost Features in APEX Devices

EP20K200E EP20K160E EP20K100E
ClockLock ClockBoost ClockShift PLL

EP20K200E EP20K160E EP20K100E PLL

GCLK2

GCLK3 PLL3

T—lk

: PLL1
GCLK1l ————p» °
CLKLK_FB1 4 \ /

GCLKO

CLKLK_OUT1 ¢
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AN 115: Using the ClockLock & ClockBoost Features in APEX Devices

EP20K300E
PLL PLL
PLL LVDS
PLL
EP20K1000E EP20K600E EP20K400E EP20K300E PLL
APEX20KE .
e
CLKLVDS OUT3 @ + - - - - - - --~--=---—-—-—--~- |
1 3 ! “)
e @ l | l @ @
CLK_LVDS3 - - il P> PLL3 :@:: _____ i—lx— 1P EE. ____g;___ PLL2 |-~ £o- CLK_LVDS2
GCLK3 —— @ a8y ; GCLK2

GCLK1 ———Pp»|

PLL1 L 2 L 2 PLLO

CLKLK_FB1 4

¢———— GCLKO

; CLKLK_FBO

CLKLK_OUT1 ¢

16 PLL LVDS

(2) PLL2 PLL3 PLL LVDS
(3) CMOS/LVDS

(4) LVDSICMOS
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AN 115: Using the ClockLock & ClockBoost Features in APEX Devices

APEX 20KE ClockLock

ClockLock ClockBoost

APEX 20KE ClockLock
o) 0(1)
GCLK PLL 1.8V 1/0 2.5V I/0 AGP
LOCK ClockLock ClockBoost CTT HSTL LVCOMS

LVDS LVTTL GTL+
3.3V PClI SSTL-2

LOCK High LOCK SSTL-3
High

CLKLK_FB PLL
CLKLK_OUT PLL
CLK_LVDS LVDS LVDS/CMOS LVDS
o) PLL
CLKLVDS _QUT LVDS LVDS 1x
() LVDS LVDS

(1) AGP: Advanced Graphics Port, CTT: Center-Tap Terminated, GTL+: Gunning Transceiver Logic, HSTL: High Speed Transceiver Logic,

SSTL: Stub-Series Terminated Logic.
(2) EP20K1000E EP20K600E EP20K400E EP20K300E

000 ClockBoost[0 [0 00 00 m/(nx k)OO OO0 00

APEX 20KE PLL ml(nx k)
PLL
four
= (ml(nx k))fiy
m n k
16 n m
k
ml(nx k) DLL
3.75
m=15 n=2 k=2
ClockBoost PLL
PLL
Altera Corporation Page 9



AN 115: Using the ClockLock & ClockBoost Features in APEX Devices

n k PLL
(VCO)
200MHz
n
125MHz min
n
5 125% 7
VCO
VCO
5MHz
m min 20MHz k
20MHz
Quartus
50/50
k 50/50
50/
50
PLL LVDS
LVDS
our =(W)fin w 4 7 8
ClockLock ClockBoost
APEX 20KE ClockLock ClockBoost
fout 1.25 200 MHz
le 1.5 160 MHz
PLL
fINLVDS 30 80 MHz
LVDS PLL
APEX 20KE PLL (1)
fin
m, n, k 1 16 1.5 30MHz (2) (3)
1 8 30 160MHz (2) (3)

Page 10

Altera Corporation



AN 115: Using the ClockLock & ClockBoost Features in APEX Devices

APEX 20KE LVDS PLL
fin
w 7 8 30 80MHz (2)
4 50 80MHz (2)
1) fin
1.5MHz <(fj/n)<160MHz
20MHz <(fjy* (m/n)<200MHz
(2)
(3) PLL VCO 20MHz <foyr < 200MHz
(4) LVDS PLL VCO 200MHz<fo7<622MHz
APEX 20KE (<16MHz)
%
m
16 1.5MHz 24MHz
2% 13ns
PLL 13ns
24MHz 250ps
TIEIOOOOOO
PLL T1/E1
T1 E1 T1 1.544MHz E1
2.048MHz EP20K1000E EP20K600E
EP20K400E EP20K300E LVDS
PLL T1 E1l
T1/E1 PLL
EP20K200E EP20K160E EP20K100E
PLL T1 El

Altera Corporation

Page 11



AN 115: Using the ClockLock & ClockBoost Features in APEX Devices

Lvosoooooooooooooooooon

EP20K300E ClockLock PLL
LVDS 1/O
LVDS /0
LVDS CMOS
PLL APEX 20KE LVDS
LVDS

LVDS PLL
ooooooon
EP20K300E

CLKLK_OUTO CLKLK_OUT1
EP20K200E EP20K160E EP20K100E
CLKLK_OUT1
CLKLK_OUTO PLL-0
CLKLK_OUT1 PLL-1

PLL

PLL CLKLK_OUT

CLKLK_OUT CLKLK_FB
PLL CLKLK_OUT GCLK
Quartus GCLK
CLKLK_OuUT
GCLK
PLL

LVDS CLKLVDS_OuUT PLL LVDS 1x

LVDS
LVDS

ooooooooooo

CLKLK_OUT
ClockShift

CLKLK_FB CLKLK_OuUT
APEX 20KE
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AN 115: Using the ClockLock & ClockBoost Features in APEX Devices

CLKLK_FB
Lockd [J
APEX 20KE ClockLock LOCK
ClockLock
LOCK High LOCK
High
Low LOCK
APEX 20KE PLL
/0
ClockShift] [J
APEX 20KE PLL
ClockShift
100ps 2ns
(N)
15% N+ (Nx 15%)
920 90 180 270
Quartus
ClockShift
LVDS PLL ClockShift
APEX 20K APEX 20KE ClockLock
ClockShift
k
50%
PLL VCC GND APEX 20K
ClockLock ClockBoost VCC GND
APEX 20KE PLL
VCC GND APEX 20K APEX 20KE
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AN 115: Using the ClockLock & ClockBoost Features in APEX Devices

APEX 20K APEX 20KE ClockLock ClockBoost
EP20K100 VCC_CKLK ClockLock ClockBoost
EP20K200 GND_CKLK ClockLock ClockBoost
EP20K400

EP20K100E VCC_CKLK][ 1. . 0] | ClockLock ClockBoost

EP20K160E GND_CKLK[ 1. . 0] ClockLock ClockBoost
EP20K200E VCC_CcKaUT
GND_CKOUT
EP20K300E VCC_CKLK[ 3. . 0] | ClockLock ClockBoost
EP20K400E GND_CKLK] 3. . 0] ClockLock ClockBoost

EP20K600E | VOC_CKQUT[ 1. . 0]
EP20K1000E | GND_CKQUT[ 1. . 0]

Ve

ClockLock ClockBoost

(PCB)
ClockLock
VCCINT/GNDINT VCCIO/GNDIO
VCC_CKLK/GND_CKLK VCC_CKOUT/GND_CKOUT

PLL
VCC_CKLK/GND_CKLK VCC_CKOUT/
GND_CKOUT APEX 20K 0.2uF
ClockLock ClockBoost PCB

100pF
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AN 115: Using the ClockLock & ClockBoost Features in APEX Devices

Vec  GND
)
VCC_CKLK i 100 yF
0.2 pF
GND_CKLK 4
VCC_CKOUT (1) i
0.2 UF
GND_CKOUT (1) &
APEX 20KE
(1) VCC_CKOUT GND_CKOUT APEX 20KE
APEX 20K APEX 20KE PLL
ClockBoost
ClockBoost
APEX 20K
APEX 20KE
10
11
ClockBoost
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APEX 20K
ClockBoost
APEX 20K
System-on-a-Programmable-Chip

Clock |8 MHz p| P 16 MHz -

2%

- PLL 32 MHz

Lol 4%

- PLL 64 MHz

Ll 8x

g PLL 128 MHz

= 16x

ClockBoost
SRAM DRAM
SDRAM
(WE) (RAS)

(CAS)
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APEX 20KE
0(1)
—— | GCLK1 CLKLK_OUT1 »
P> CLKLK_FB1
APEX 20KE
[ )
°
(15 CLKLK_OUT1 FB1
APEX 20KE CLKLK_OUT CLKLK_FB
PLL
PLL
CLKLK_FB
LVDS
EP20K300E PLL LVDS
PLL APEX 20KE LVDS

- LVDS/CMOS
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AN 115: Using the ClockLock & ClockBoost Features in APEX Devices

Altera Corporation

APEX 20KE LVDS
CLK_LVDS2 PLL-2
LVDS CMOS
622Mbps LVDS
77.75MHz
LVDS
- PLL
10 LVDS 622Mbps LVDS
/
10 APEX 20KE LVDS PLL/

622Mbps

i APEX 20KE LVDS >

data[7..0]

! + - »
: Ll >

CLK_LVDS2 T A
77.75 MHz Clock > 622 MHz (8x)
N P PLL2 %
77.75 MHz (1x) >
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, Lt
APEX 20KE LVDS
CLK_LVDS3 PLL-3
CMOS LVDS
462Mbps LVDS
66MHz
LVDS
- PLL
11 LVDS
462Mbps LVDS
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11 APEX 20KE LVDS PLL/

462Mbps
APEX 20KE LVDS
—— (i e e e
—> -
A A
66-MHz CLK_LVDS3
462 MHz (7%)
PLL-3 | 66 MHz (1%) )
f’ CLKLVDS_OUT3
) > : X
(1) LVDS CLK_LVDS3 PLL-3
T1 E1
APEX 20KE ClockBoost T1
(1.544MHz)  El (2.048MHz)
ClockLock T1/E1
k m n
DCFIFO FIFO First-In
First-Out
12 DCFIFO
DCFIFO
T1 PLL Ti1
DCFIFO PLL E1
PLL E1
E1
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12 DCFIFO

DCFIFO

Tl data >—— DATA

wrreq [o>———WRREQ

Tl ck = WRCLK

Q ——— E1_sync_data

rdreq = RDREQ (ACK)

/_—| > ELCK s rocik

ClockBoost([] [1 0 T1/E1

ooooopPLL
ClockBoost
(Time-Domain Multiplexing)
APEX 20K ClockBoost

ESB

16x 16 447 LE

894 LE

LE
LE
13
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13
dataal[15..0]
D
ducta[31..0]
b productal ] >
datab1[15..0] 16 * le6 ——dENA
D Multiplier L
| — 1 X)—
productb[31..0]
D >
dataa2[15..0] ENA
D |
*—
datab2[15..0] 1
D s
*«—
control signal
ClockLock |
clk ClockBoost x 2
13
10
LE
10 16x 16
LE
16x 16 894
x  ClockBoost 2 16x 16 547
16x 16 1,788
x  ClockBoost 16x 16 741
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ClockShift
PLL

APEX 20KE Clock-to-
Output

SDRAM

SDRAM

SDRAM Clock-to-Output  (tco)
14 APEX 20KE

SDRAM
APEX 20KE 5.5ns tco SDRAM
100MHz
10ns SDRAM APEX 20KE

(tpp) 3ns tep tco 8.5ns

APEX 20KE 1.5ns

SDRAM
APEX 20KE tsu tsu
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14 ClockShift

SDRAM
tco tpp tsu APEX 20KE
Dby ClockShift
K ooooprPLL
clk_in >
feedback > e

clk_in

{pERIOD

tco*tpp

sdram_clk m
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E - tsu
: tpERIOD
SDRAM
Clock-to-Output
Clock-to-Output

Clock-

to-Output /O

Clock-to-Output
APEX
ClockLock ClockBoost

DC
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APEX 20KE
VCO 15
VCO m
vCoO tyco tcrkiv
k
VCO

tyco fcLkour
VCO VCO

15
VCO

15 VCO

x|

VCO

—» clkout

ST
\/

clkin ———»|

Clockshift

3~
A

clkin (n=1)

fyco (M=9)

clkout (k=7)

e vCco

APEX 20K ClockLock ClockBoost Quartus
CLKLOCK
ClockLock ClockBoost
ClockBoost
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GCLK1 ClockLock ClockBoost

X X
X x x x
2 (GCLKO)
ClockLock ClockBoost
GCLK1
APEX 20K

X X ferka
15MHz 33MHz

16 Quartus ClockBoost
AHDL  VHDL
Verilog HDL
16 ClockLock ClockBoost
CLOCKBOOST=4
INPUT_FREQUENCY=33
CLKLOCK
| aC—>———iD Qp——1{—> outa
| X
gclkl Co— CLOCKBOOST=2
INPUT_FREQUENCY=33
CLKLOCK
b C=>——D Q——1—> outb
%
CLKLOCK
APEX 20KE
Quartus
(AHDL VHDL Verilog HDL )
Quartus VHDL
Verilog HDL
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PLL APEX 20K ClockLock ClockBoost
ClockBoost
APEX 20KE ClockLock ClockBoost
ml(nx
k) LVDS I/O
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