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Introduction

It is often necessary to divide a signal frequency by 2-bit LUT4
a fixed coefficient, which is simple if this coefficient CIN3 N2 INT O INO ouT
is an even number equal to 2, 4, 8 and so on. o[ o[ o] oo =
However, dividing by odd or fractional coefficients is o [0 | o | 1 [1 s
a more complicated task. Using the LUTs and DFFs 0 (o0 | 1|0 f1 Is]
resources in GreenPAK, one can efficiently divide a ONISON| 1 | 1 D >
given frequency by 1.5, 2.5, 3, 3.5, 4.5, 5, and many 2-bit LUTS
other coefficients. . N3 IN2  INT  INO ouT
' o o [o il
0 1 |1 s
Frequency divide by 1.5, 3, 3.5 10 |1 s
1 1 |o s

|

Here DFFs each provide frequency division by 2,
while XOR LUTs are used to eliminate the odd half Figure 2. LUTs properties
input clock which comes to the first DFF. This

makes it possible to get coefficients 2-0.5=1.5;

1.5*2=3; 4-0.5=3.5.

Blocks configurations are shown in figures 1-5
below.

Div by 1.5

Figure 1. Frequency divide by 1.5, 3, 3.5 circuit design
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PIN 3 2-bit LUTO/DFF/LATCH4
Type: | DFF /LATCH =
1/0 selection: | Digital input =
S : Mode: | oFF $
iz o'“°de‘ | Digital in without Sc * | nSET/nRESET || s
option: - he
g:tf l;t mode:  \one N Initial [ow s
= polarity:
utput a
A | s < 20‘:3“2\'_ | Inverted (nQ) v
esistor: ey X 2.bit LUTA/DFFILATCHS
Resistor value: Floating - Type: oFF /LATCH s
PIN15
Mode: | DFF $
1/0 selection: | Digital output $ nSET/nRESET [ Py
option: &
Initial -
Input mode: e polarity: |Low v
OE=0 None v ©autpit |
£ Inverted (nQ) s
polarity: —
Output mode: [}, - ch pul &
OE=1 3
| 2-bit LUT2/DFF/LATCH6
Resistor: Floating = Type: | DFF /LATCH s
Resistor value:  Floating E Mode: (oFF A
nSET/nRESET ~ -
Pm 15 option: None v
Initial -
g L v
1/0 selection: | Digital output ) polarity: =
301::3:,: | Inverted (nQ) —
Input mode: T - -
OE=0 None v 2-bit LUT3/DFFLATCH7
8:?‘? | 1x push pull = Type: | DFF / LATCH .
Resistor: Floating = Mode: |oFF 52
nSET/nRESET + -
= = i >3 option: None v
Resistor value: Floating - L
:?»Earllty' [Low s
1 Q output | Inverted (nQ) —
polarity: el i R Y
1/0 selection: | Digital output =
’ Dotal oot | 5 3-bit LUT2IDFFILATCH
Ayt sncbe=S o s Type: (DFF /LATCH :
OE=0 e
ggt__‘_’ ';t S | 1x push pull = Mode: | oFF =
:,";'Eo/,:,'m | nRESET =
Resistor: Floating : Initial (i <
polarity: = X
Resistor value: | Floating s go t:aut“l;rﬂt Nondnverted (Q) | &

Figure 3. Pins properties

Figure 4. DFFs properties
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PIN 2
1/0 selection:  [Digitalinput % |
:)nEm:Jto s | Digital in without 5S¢ * |
Output mode: i =
OE=1 one X
Resistor: | Floating =3
Resistor value: Floating s
PIN14
1/0 selection: | Digital output i
Input mode: o -
OE=0 done X
Output mode: = 1A
T OE=1 1x push pull =
ime
Resistor: Floating s

Figure 5. Frequency divider functional diagram
(D15 = Input signal; D14 — F/1.5;

Resistor value: Floating

D13 — F/3: D12 — F/3.5) el
1/0 selection: | Digital output 2
Input mode: = -
OE=0 o >4
Frequency divide by 2.5, 5 grpytmode  [ixpushpdl ¢
This case operates differently than the previous 1.5, Resistor: &
3, 3.5 example. Here, the same CLK signal is Resistur-vakie: 0| Eoation =
supplied to a string of DFF CK inputs, but LUTs and
feedback reconfigure their D inputs. In this way Figure 7. Pins properties

frequency division by 2.5 can be designed. DFF3 is
used to divide by 2 a previously divided by 2.5
frequency and output the divide by 5 signal.

Blocks configurations are shown in figures 6-9.

Figure 6. Frequency divider by 2.5; 5 circuit design
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S LUTA 2-bit LUT2/DFF/LATCH6
IN3 | IN2 INT | INO our <
0 0 0 0 | 1 2 | Type: ‘ DFF / LATCH v
0 o | o0 1 |o s
8 o |t | o > | Mode: | DFF $
0 0 1 1 |0 z)
o | 1|0 oo 4 gia/n'fuf’ﬂ None =
0 1 1 s S
c 0 | Initial | -
o | 1| 1] o o s polarity: Low v
0 1 1 1 |0 s :
Q (:aut_put | Non-nverted (Q)  +
3.bit LUTS RUSBORY:
INS N2 N1 N0 OUT - 2-bit LUT3/DFF/LATCH7
gl ojolou > T | DFF / LATCH 4
o | o | o/ 1 [o Al Yo %
o | o | 1 o [1 2]
oo 1] 1o 2 Mode: | DFF s
0 1 0 0 |1 s
| = l nSET/nRESET B -
0 1 0 1 |0 s option: None v
0 1 1 0o |1 = Initial | a |
o | 1 [ 1] 1 [o 2 polarity: Loy )
2:bitLUT4 go‘:au:"::_t | Non-nverted (Q) %
IN3 N2 N1 INO our
oo o] oo 2] 3-bit LUT2/DFF/LATCH2
0 0 0 1 |1 <]
o | o] 1|0 [a s Type: | DFF /LATCH =
0 0 1 1 |1 il
4-bit LUTO/CNT2/DLY2 Mode: | DFF =
Type: [Lut = ﬁﬁnm |nRES|:_r s
IN3 | IN2 | INT | INO ouTt Initial [Low e
—— T ———— polarity: 2.
0 0 0 o |o =
o o] o 1 [0 z g°°l;'t."l"t Nondnverted (Q) | %
0 0 1 o |0 : :
o o 1 1|0 = 3-bit LUT3/DFF/LATCH3
0 1 0 o |0 s :
o 10| 1[0 = Type: | DFF / LATCH :
0 1 1 0 |1 s
0 1 1 1 |1 s
' = Mode: | DFF =
1 0 0 o |o s
1 0 0 1 i = nSET/nRESET | = )
R4 2 nRESET v
1 0 1 o |0 & option:
a Initial -
1 0 1 N T s 2 |Low v
1 1 0 o |o =
1 1 0 + i A go‘;:tpln? Non-nverted (Q) >
1 1 1 o |0 :
1 1 1 1 Ja = Figure 9. DFFs properties

Figure 8. LUTs properties
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By taking a signal from the other DFFs outputs it is
possible to get a divide by 5 signal as well, but with

PIN 2

different duty cycle (not 50%, as previously) and 1/0 selection: | Digital input
phase shift (see figure 10): D3 — DFF2, D4 — DFF7,

D5 — DFF6 Input mode: | pigital in without Sc * |
Output mode: = -
OE=1 ne X
RIGOL STOP
Resistor: }Ioaﬁng _3_ ‘

Resistor value:  Floating
PIN16

I/0 selection: | Digital output

Input mode:
OE=0
Output mode:
OE=1

ne

1Ix push pull

Resistor: Floating

Resistor value: Floating

-
v

1

4

41

Figure 12. Pins properties

Figure 10. Frequency divider functional diagram
(DO - Input signal; D1 — F/2.5; D2, D3, D4, D5 — F/5)

There are some additional blocks (DFF4 and 2-bit

LUTS5) which provide elimination of half clock period

Frequency divide by 4.5 allows us to get divide by 4.5.

Frequency division by 4.5 circuit is based on the
previous circuit (divider by 5).

for DFFs (as in the divide by 1.5, 3, 3.5 circuit). This

Blocks configurations are shown in figures 11-14.

Figure 11. Frequency divide by 4.5 circuit design

© 2022 Renesas Electronics Corporation



Odd / Fractional Frequency Dividers

2.bit LUT2/DFHLATCHG
2-bit LUTS
IN3 | IN2 N1 INO out Type: DFF /LATCH s
0 0 0 o |o >
(] 0 0 11 s Mod DFE -
0 0 1 0o [1 s
o |lo| 1|3 o 1] nSET /NRESET v -
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0 1 1 0o [1 s
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4-bit LUTO/CNT2/DLY2 NSET/NRESET -
— option: ARESEY =
N5 wr ¢ Initial ; -
. ow -
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0 0 0 1 |o s 3.bit LUT3/DFFILATCHS
ol o] 1] 0o 21 - S s =
oo |1 |1 [0 2 Type: DFF / LATCH =
0 1 o o [o 3|
0 1 0 1 o :)
o | 1| 1] 0o [a =4 Mode: DFF s
0 1 1 1|1 |
1,00 0o =1 mum ORESEY v
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1o 1] 0 [0 21 polarity: e
B KRN re—ry Qoutput o -
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B ENEAEKN |
EEEERERD = Type: DFF /LATCH v
2-bit LUTA
Mode: | DFF =
IN3 N2 N1 INO ouT
0 0 0 o [o 2 NSET/nRESET IS -
0 o | o 1 |2 s OP::;"
o [ 0| 1 o |1 2] Initia Low =
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0 | X Figure 14. DFFs properties

Figure 13. LUTs properties
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RIGOL STOF .

Figure 15. Frequency divider functional
waveforms

(D15 = Input signal; D14 — F/4.5)

As was shown, it is possible to divide a frequency
lusi by 1.5, 2.5, 3, 3.5, 4.5, 5. Such circuits may be used
Conclusion as a single device or as a part of a larger circuit.
Frequency dividers which are typically not simple to

realize can be constructed using LUTS and DFFs.
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