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SDRAM PLL Tuning

m Objective: Find the Correct Skew Needed
for the SDRAM Clock with Respect to the
System Clock

® Two Methods:

— “Scientific” vs. “Trial and Error”
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Design Recommendations

m Use “Zero Delay Buffer’ Mode of the PLL

— Allows Control of Phase of External Clock with
Respect to the Input Clock

m SDRAM Clock Output of PLL (e0)

B SDRAM Pins:
— Use Fast |/O’s Settings
— Group Together to Minimize Skew
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First, Read the Datasheets
= SDRAM (MT48LC4M32B2-7)

— Dataln:tsu=2ns,th=1ns

— Data Out: toh = 2.5 ns, thz/tac = 5.5 ns (CL=3)
e 2.5 - 5.5 ns (Data Undefined)

AC CHARACTERISTICS -6 -7

PARAMETER SYMBOL MIN MAX MIN MAX UNITS | NOTES

Access time from CLK CL=3 tAC(3) 5.5 5.5 ns

(pos. edge) CL=2 TAC(2) 7.5 8 ns
CL=1 TAC (1) 17 17 ns

Address hold time tAH 1 1 ns

Address setup time TAS 1.5 2 ns

CLK high-level width 'CH 2.5 2.75 ns

CLK low-level width ICL 2.5 2.75 ns

Clock cycle time CL=3 CK(3) 6 7 ns 23
CL=2 'CK(2) 10 10 ns 23
CL=1 ICK(1) 20 20 ns 23

CKE hold time 'CKH 1 1 ns

CKE setup time ICKS 1.5 2 ns

CS#, RAS#, CAS#, WE#, DQM hold time ICMH 1 1 ns

CS#, RAS#, CAS#, WE#, DQM setup time 'CMS 1.5 2 ns

Data-in hold time 'DH 1 1 ns

Data-in setup time DS 1.5 2 ns

Data-out high-impedancetime CL=3 tHZ (3) 55 55 ns 10
CL=2 'HZ (2) 1.5 8 ns 10
CL=1 THZ(1) 17 17 ns 10

Data-out low-impedancetime Lz 1 1 ns

Data-outhold time TOH 2 25 ns 20 YEARS of
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Cyclone Parameters

m FPGA (Cyclone 1C20-7)
— Column I/O’s and Global Clock
— Dataln:tsu=24ns,th=0ns

— Data Out: toutco = 2 ns (min) 4.4 ns (max)
e 2.0 - 4.4 ns (Data Undefined)

Table 4-36. EP1C20 Column Pin Global Clack External I/0 Timing
Parameters
-6 Speed Grade | -7 Speed Grade | -8 Speed Grade
Symbol Unit
Min Max Min Max Min Max
Lnsu 2.226 2.585 ns
tinH 0.000 0.000 ns
toutco 2.000 3.926 2. 004 4 358 2.000 4.795 ns
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Calculate the Window - Cyclone
m SDRAM Clock Can Lead System Clock by:

Minimum of:

tcoutmin(FPGA) — th(SDRAM)=2ns—1ns= 1 ns
tclk — thz(SDRAM) — tsu(FPGA) =10 ns—-5.5ns—-2.4ns=2.1ns

B SDRAM Clock Can Lag System Clock by:
Minimum of:

toh(SDRAM) — th(FPGA)=2.5ns—-0ns = 2.5 ns
tclk — tcoutmax(FPGA) — tsu(SDRAM)=10ns —4.4 ns—-2ns = 3.6 ns

m Window Between +1 nsto - 2.5 ns
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Stratix Parameters

= FPGA (Stratix 1510-6)
— Column I/O’s and Global Clock
— Dataln:tsu=1.75ns,th=0ns

— Data Out: toutco = 2 ns(min) 5.5 ns(max)
e 2.0 - 5.5 ns (Data Undefined)

Table 4-54. EP1§810 Column Pin Glohal Clock External I/0 Timing
Paramefers

-5 Speed Grade | -6 Speed Grade | -7 Speed Grade
Symbhol Unit
Min Max Mi Max Min Max

tinsu 1.699 1.748 1.993 ns
o 0.000 0.000 0.000 ns

toutco

2.000

5143

2.000

5.504

2.000

6.308

ns
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Calculate the Window - Stratix
m SDRAM Clock Can Lead System Clock by:

Minimum of:

tcoutmin(FPGA) — th(SDRAM)=2ns—1ns= 1 ns
tclk — thz(SDRAM) — tsu(FPGA) = 10ns — 5.5 ns - 1.75ns = 2.75 ns

m SDRAM Clock Can Lag System Clock by:
Minimum of:

toh(SDRAM) — th(FPGA)=2.5ns—-0ns = 2.5 ns
tclk — tcoutmax(FPGA) — tsu(SDRAM) =10 ns —5.5ns—-2ns = 2.5 ns

m Window =+1nsto—-2.5ns

— Same As Cyclone at 100 MHz
— Windows Different at Higher Frequencies
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PLL Tuning
m Only a 3.5 ns Window (at 100 MHz)

— +1 nsto-2.5ns

m Center the Phase Shift in the Middle of Window
— -0.75 ns Phase Shift

m Window Can Change, Dependent On:
-~ SDRAM
— SDRAM CAS Latency

— FPGA Device:
e Global Clock Versus Regional Clock
e Column Versus Row 1/O’s
e Speed Grade
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PLL Tuning (100 MHz)

|
SYSCLK | | |
wr @l
Data Valid

SDRAM READ

SDRAM WRITE
SDRAM Write
e [ L L L

SDRAM CLK
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Setting Up Clock Skew

= PLL Setup

— Zero Delay Buffer

— Use Input Clock for System Clock
— Use e0 for SDRAM Clock

— Add -0.75 ns Phase Shift
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Clock Setup

& standard_32.bdf

O e sdrarn_pll R e S e T R e R e P e R R P R B R
FLD_CLOCKINPUTE . INEIT EIS?SG"{ llllll el inclkD frequency: 80,000 MHz ey LUTEUT __— FLO_CLKOUT BB B E B B BB PR PR TP B
................................... Operation bode: Zero Oelay Buffer
R e Clk | Ratio | Ph idg)| Td (n=af 0c ¢ :::SDR)'AMPLEZZZ:::::::::::::::::::::::::::::::::::::::

. .............................. delay_rezet_block

b oo sy sclk

B R S R B clock_in  delayed_reset_n

o i PLOCLEAR N - —— IHEIT reset_n

A B  BB i ref 53 sy atem 7
IIZZZZZZZIIIIZZZZZZZIIIIZZZZZZinsn g5 1
DT Resst Delay: Allows PLL to stabilize (ockiafter- - - . . .- [ 20T T ke i
e L s T e T R A P R P rESE‘t_n 5
B rezet or device-configuration - - - - - . . ..ol i
foo e L SRR L R et pof ity v it 0] EE
foan i e e out_port_from_the_led_piol7.0] £
e zs_addr_from_the_sdram{11.0]
o s e s e s s s e z5_ba_from_the_sdram(1..0] =+

B e zs_cas_n_from_the_sdram al|

| ...................................................................... z=_cke_from_the_sdram Cll:
< 3
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Set Phase Shift

MegaWizard Plug-In Manager - ALTCLKLOCK [page 1 of 15]

Able to implement the requested PLL Jurnp to page far; |General£h’|ndes j

General
Wwihich device family will pou be uzing? |M -

[ Use Fast PLL

sdram_pll
Wihat iz the frequency of the inclockd input? |E“:|.|:||:|D |I‘--1H2 ﬂ

nclki inclki frequeney: 50,000 hH [ Create an 'pllena’ input to selectively enable the PLL

Operation hode: Zero Delay Buffer

| Create an 'areset’ input bo asynchronously rezet the PLL

Clic | Ratio] Ph (dga| Td (n=a] DE 020 [ Create an 'pfdena’ input to selectively enable the phaseffreq. detectar

el | 14 |-21.60 | 0.00 | 50.00

Operation mode

How will the PLL autputs be generated?
¢ |lze the feedback path inzide the PLL
" In Marmal tode
' |n Zera Delay Buffer Mode

" with no compenzation

" Create an 'thin' input for an external feedback [External Feedback Maode)

“Wwihich output clock, will be compenzated for? el -
Cancel | | Mewt = Finizh |
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Shift Clock e0

MegaWizard Plug-In Manager - ALTCLKLOCK [page 11 of 15]

el - External Output Clock Jump to page for: B Clock =0 j
I o i el Ahble to implement the requested PLL
Requested zettings Actual zettings
sdrarm_pll
P Clock multiplication factor |1 il 1
INCkO | o frequency: 80,000 hiHz Llack division factor I :l !
Operation hode: Zero Delay Buffer
i ; = - -0.73
T T X OIS LX) Clock phaze zhift | 0.75 I“ns J
oy 14 [ -2160) 0.00 | 50.00
: Clock time shift [nzec) ||:|_|:||:| il 0.00
Clock duty cycle (%] I 50.00
| Create a clock enable input
CO C1 C2 C3 C4 CH
ED E1 E2 E3
Cancel | < Back | Mewt = | Finizh |
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Skew After Compile

© standard_32 Compilation Report

=1k

&h%= Hierarchy Pl tco (Clock to Output Delays)
& Summary l]utpl_!':t h!ame" Actual “
S cener || T
=/ Messages 58 | @ LEDG[] 8.463 ns
&HEE Logic DFItIEIFIS | o LEDG] 8.708 ns
e Synﬂﬂems Sectmn 51 LEDG[S] 8,999 ne
S Dew.ce D[:I‘FIEIITIS | = LEDGIE] 8677 ns
e Neths'F Optimizatior - LEDG(T] 0 440 ns
&b Equations
| il = -
= o F!Durplan_ulew 74 sdram_pll:inst2laltpll: altpll_component]_estclkd 0.780 ns
%E Fir-Cut File | 5 SDRAM_A] 5.751 ns 3
+ &h Rgsqurce Section =q SDRAM_A[] 5.751 ns
&3 T|m|rj|g _ﬂnalyse.a a0 SDRAM_ALZ] 5751 ns
&HE8 Timing SEtF|ngE = SDRAM_AL] 5751 ns
SHEE Clock Rqulrew 8 SDRAM_A[] 5.751 ns
SO fmax (ot el 1 T G SR A 5.741 ns
S Register-to-Ret | 1o ahpan alg) 5.791 ns
S8 tpd Pinto PN T cnaan ap) 5.741 ns
S tu GrputSeny | ot E o na A 5.751 ns
& th Input Hold 1001 et oo man A 5.741 ns
%gé 0 (Clock B O - [90g] & soRam_aM0] 5.751 ns
p F'lrI:n:essmu Tn’ne} — o3 SDRAM_A[11] 5.751 ng
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Overtuning Symptoms

m Caused by “Trail and Error” Method
m False Tuning Window
m Single Read/Writes to SDRAM Work

® Running Code From SDRAM Fails
— Best Way to Test Tuning

m DMA Transfer Provide Skewed Data

m This Causes the SDRAM to Provide the
Data One Clock Cycle Early

zzzzzzzzz
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Overtuning (50 MHz)

SYSCLK

SDRAM READ
SDRAM WRITE

SDRAM CLK
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Overtuning: Data Received Early

¥ Quartus Il - [Tuned_PLL_DMA]

 log: 2003104109 16:39.22 #0
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Conclusions

m Tight Control is Needed for the SDRAM
Clock and System Clock For System to
Function Correctly

m Verify PLL’s are Correct by Executing
Software from SDRAM or Using DMA to
Read/Write
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