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Part 6: Clock Gating Checks
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/ Clock Gating /
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» Toggling consume power.

» Enable the module clock only when needed
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/ Clock Gating /
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/ Clock Gating /
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Clock gating cells and a glitch free clock gating
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A clock gating check occurs when a gating signal can control the path of a clock signal at a logic cell.

Conditions for a clock gating check:

downstream

| |
I I
I
' ® The clock that goes through the cell must be ' ,——— — Used as a
| ! I Gati 1 clock for flip-flop
' used as a clock downstream. If the clock is not atmg P
! _ ! Gating 31gnal —1D Q
! used as a clock after the gating cell, then no
i clock gating check is inferred. i —D Q /\ L cK
' @ Another condition for the clock gating check ,
: | S CK Gating cell D O
| applies to the gating signal. The signal at the | p — ]
I I
| gating pin of the check should not be a clock or | I|> L lock pin | CcK
i if it is a clock, it should not be used as a clock i K Clock signal
| |
I



/ Clock Gating Checks /
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Consider the example in Figure 2.

Clock pin Generated clock of CLKA —D QF—
>CK
CLKB -
—[p Q— —P q—
Gating pin

Figure 2 Gating check inferred - clock at the gating pin not used as a clock downstream.

CLKB is not used as a clock downstream due to the definition of the generated clock of CLKA-

the path of CLKB is blocked by the generated clock definition.



/ Clock Gating Checks /
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There are two types of clock gating checks inferred:
® Active-high clock gating check: Occurs when the gating cell has an and or a nand function.
® Active-low clock gating check: Occurs when the gating cell has an or or a nor function.

The active-high and active-low refer to the logic state of the gating signal which activates

the clock signal at the output of the gating cell.

Clock pin Generated clock of CLKA —D Q—
CLKA g —\/
> CK
CLKB -
AK —|p Q}— —P 4=
Gating pin




/ Clock Gating Checks /

| If the gating cell is a complex function where the gating relationship is not :
|

i obvious, such as a multiplexer or an xor cell, STA output will typically provide a ! :
|

| warning that no clock gating check is being inferred.

However this can be changed by specifying a clock gating relationship for the

gating cell explicitly by using the command : set_clock_gating check.
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Active-High Clock Gating occurs at an and or a nand cell

UDFFO0
O
>CK | Gating signal
CLKA
CLKB N~ Clock signal
|~

D Q

Gating cell

Figure 3 Active high clock gating using an AND cell.

O Pin B of the gating cell is the clock signal

O Pin A of the gating cell is the gating signal
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Assume that both clocks CLKA and CLKB have the same waveforms.

UDFFO0
—1D Q_O_ D Q—
UANDO
LCK | Gating signal g \ S CK
CLKA J
Gating cell
CLKB N Clock signal
L~

Figure 3 Active high clock gating using an AND cell.

create_clock -name CLKA -period 10 -waveform {0 5} [get ports CLKA]
create_clock -name CLKB -period 10 -waveform {0 5} [get_ports CLKB]
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UDFFO0 CLKA
—p Q— H— —{D Q—
UANDO
LcK | Gating signal g } S CK
CLKA :
Gating cell Gating signal
CLKB N Clock signal (UANDO/A)
L~
O The active-high clock gating setup check requires
) ) Clock signal
that the gating signal changes before the clock goes (UANDO/B)
hlg'h CLKB
O The active-high clock gating hold check requires
that the gating signal changes only after the fallin
ganng =ig g y J Figure 4

edge of the clock.

N

A\

Gating signal needs to be delayed.



/Clock Gating Checks---Active-High Clock Gating /
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Here is the setup path report.

Startpoint: UDFFO

(rising edge-triggered flip-flop clocked by CLKA)
Endpoint: UANDO

(rising clock gating-check end-point clocked by CLKB)
Path Group: **clock gating default**
Path Type: max

Polint Incr Path
clock CLKA (rise edge) 0.00 0.00
clock source latency 0.00 0.00
CLKA (in) 0.00 0.00
UDFFO/CK (DF ) 0.00 0.00
UDFFO0/Q (DF ) 0.13 0.13
UANDO/A1l (AN2 ) 0.00 0.13
data arrival time 0.13

HhoHh B OR



/Clock Gating Checks---Active-High Clock Gating /
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clock CLKB (rise edge) 10.00 10.00
clock source latency 0.00 10.00
CLKB (in) 0.00 10.00 r
UANDO/A2 (AN2 ) 0.00 10.00 r
clock gating setup time 0.00 10.00
data required time 10.00
data required time 10.00
data arrival time -0.13
slack (MET) 9.87

® The check validates that the gating signal changes before the next rising edge of clock

CLKB at 10ns.



/Clock Gating Checks---Active-High Clock Gating /

4

The active-high clock gating hold check requires that the gating signal changes only after the
falling edge of the clock. Here is the hold path report.

Startpoint: UDFFO

(rising edge-triggered flip-flop clocked by CLKA)
Endpoint: UANDO

(rising clock gating-check end-point clocked by CLKB)
Path Group: **clock gating default**
Path Type: min

Point Incr Path
clock CLKA (rise edge) 0.00 0.00
clock source latency 0.00 0.00
CLKA (in) 0.00 0.00 r
UDFFO/CK (DF ) 0.00 0.00 r
UDFFO0/Q (DF ) 0.13 0.13 r
UANDO/A1 (AN2 ) 0.00 0.13 r
data arrival time 0.13



/Clock Gating Checks-—-Active-High Clock Gating /
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clock CLKB (fall edge) 5.00 5.00
clock source latency 0.00 5.00
CLKB (in) 0.00 5.00 £
UANDO/A2 (AN2 ) 0.00 5.00 £
clock gating hold time 0.00 5.00
data required time 5.00
data required time 5.00
data arrival time -0.13
slack (VIOLATED) -4.87

The hold gating check fails because the gating signal is changing too fast, before the falling edge of
CLKB at 5ns.

One can see that the hold time requirement is quite large. This is caused by the fact that the sense of

the gating signal and the flip-flops being gated are the same.



/Clock Gating Checks---Active-High Clock Gating /
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This can be resolved by using a different type of launch flip-flop, say, a negative edge-triggered flip-flop to

generate the gating signal. Such an example is shown next.

CLKA

Gating pin U \
—1D Q}—
UFFO0 &UANDO
—1D QI—( — N\
Al L CK

| | |

| | |

A2 Gating signal ; | :

CLKA —abCK < (UANDO/A1) | : |
Clock pin I | i

I | |

CLKB I~ . |

L~ Clock signal | -
(UANDO/A2)
Figure 5 Gating signal clocked on falling edge. CLKB

Safe clock gating implies that the output of flip-flop UFFO must change during the inactive part of the gating

clock, which is between 5ns and 10ns.
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Here is the setup path report.

Path Group: **clock gating default*~*
Path Type: max

Point Incr Path
clock CLKA (fall edge) 5.00 5.00
clock source latency 0.00 5.00
CLKA (in) 0.00 5.00 £
UFFO/CKN (DEFN ) 0.00 5.00 £
UFFO/Q (DFN ) 0.15 5.15 r
UANDO/A1 (AN2 ) 0.00 5.15 r
data arrival time 5.15
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clock CLKB (rise edge) 10.00 10.00
clock source latency 0.00 10.00
CLKB (in) 0.00 10.00 r
UANDO/A2 (AN2 ) 0.00 10.00 r
clock gating setup time 0.00 10.00
data required time 10.00
data required time 10.00
data arrival time -5.15
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Here is the clock gating hold report. Notice that the hold time check is much easier to meet with the new

design.

Startpoint: UFFO

(falling edge-triggered flip-flop clocked by CLKA)
Endpoint: UANDO

(rising clock gating-check end-point clocked by CLKB)
Path Group: **clock _gating default*~*
Path Type: min

Point Incr Path
clock CLKA (fall edge) 5.00 5.00
clock source latency 0.00 5.00
CLKA (in) 0.00 5.00 £
UFFO/CKN (DFN ) 0.00 5.00 £
UFFO/Q (DFN ) 0.13 5.13 £
UANDO/A1 (AN2 ) 0.00 5.13 £
data arrival time 5.13



/Clock Gating Checks---Active-High Clock Gating /
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clock CLKB (fall edge) 5.00 5.00
clock source latency 0.00 5.00
CLKB (in) 0.00 5.00 £
UANDO/A2 (AN2 ) 0.00 5.00 £
clock gating hold time 0.00 5.00
data required time 5.00
data required time 5.00
data arrival time -5.13
slack (MET) 0.13

Since the clock edge (negative edge) that launches the gating signal is opposite of the clock being
gated (active-high), the setup and hold requirements are easy to meet.

This is the most common structure used for gated clocks.



/Clock Gating Checks---Active-Low Clock Gating /

Figure 7 shows an example of an active-low clock gating check.

Gating signal

UDFFO

_p o

MCLK
¢ —pCK

N

7

UORI1

— >

Al
A2

SCLK

Clock signal

N~
e

Figure 7 Active-low clock gating check.

D Q

>CK

create_clock -name MCLK -period 8 -waveform {0 4} [get_ports MCLK]

create_clock -name SCLK -period 8 -waveform {0 4} [get_ports SCLK]
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The gating signal should switch only when the clock is high as illustrated in Figure 8

MCLK

| |

| |

Gating signal | :

(UORI/A1) | |

N |

| |

| |

| |

Clock signal —

(UOR1/A2)
SCLK

Figure 8 Gating signal changes when clock is high
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Here is the active-low clock gating setup timing report.

Startpoint: UDFFO

(rising edge-triggered flip-flop clocked by MCLK)
Endpoint: UORI

(falling clock gating-check end-point clocked by SCLK)
Path Group: **clock _gating default~*~*
Path Type: max

Point Incr Path
clock MCLK (rise edge) 0.00 0.00
clock source latency 0.00 0.00
MCLK (in) 0.00 0.00 r
UDFFO/CK (DF ) 0.00 0.00 r
UDFFO0/Q (DF ) 0.13 0.13 £
UOR1/A1 (ORZ2 ) 0.00 0.13 £
data arrival time 0.13
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clock SCLK (fall edge) 4.00 4.00
clock source latency 0.00 4.00
SCLK (in) 0.00 4.00 £
UOR1/A2 (OR2 ) 0.00 4.00 £
clock gating setup time 0.00 4.00
data required time 4.00
data required time 4.00
data arrival time -0.13
slack (MET) 3.87

This check ensures that the gating signal arrives before the clock edge becomes inactive, in

this case, at 4ns.
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Here is the clock gating hold timing report.

Startpoint: UDFFO

(rising edge-triggered flip-flop clocked by MCLK)
Endpoint: UOR1

(falling clock gating-check end-point clocked by SCLK)
Path Group: **clock gating default**
Path Type: min

Point Incr Path
clock MCLK (rise edge) 0.00 0.00
clock source latency 0.00 0.00
MCLK (in) 0.00 0.00 r
UDFFO/CK (DF ) 0.00 0.00 r
UDFFO0/Q (DF ) 0.13 0.13 r
UOR1/Al1 (OR2 ) 0.00 0.13 r
data arrival time 0.13
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clock SCLK (rise edge) 0.00 0.00
clock source latency 0.00 0.00
SCLK (in) 0.00 0.00 r
UOR1/A2 (OR2 ) 0.00 0.00 r
clock gating hold time 0.00 0.00
data required time 0.00
data required time 0.00
data arrival time -0.13
slack (MET) 0.13

This check ensures that the gating signal changes only after the rising edge of the clock signal, which

in this case is at Ons.



/ Clock Gating Checks---Clock Gating with a Multiplexer /

Figure 9 shows an example of clock gating using a multiplexer cell.

UFF1
UMUXO0 —1D Q}—
MCLK —h
>CK
S
TCLK — Il
. .
Note inversion! UFFO
—1D Q

SYSCLK —afsCK

Figure 9 Clock gating using a multiplexer.

A clock gating check at the multiplexer inputs ensures that the multiplexer select signal arrives at the

right time to cleanly switch between MCLK and TCLK.
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Figure 10 shows the timing relationships. The select signal for the multiplexer must arrive at the time

MCILK is low. Also, assume TCLK will be low when select changes.

SYSCLK

N\

| I |

| | |

| | |

Gating signal | | |
UMUXO0/S | | \ |
[ ! I

Clock signal
MCLK < >

0 5 10
Figure 10 Gating signal arrives when clock is low.



/ Clock Gating Checks---Clock Gating with a Multiplexer /

Since the gating cell is a multiplexer, the clock gating check is not inferred automatically, as

evidenced in this message reported during STA.

Warning: No clock-gating check is inferred for clock MCLK at pins UMUXO0/S and UMUXO0/10 of cell UMUXO.

Warning: No clock-gating check is inferred for clock TCLK at pins UMUXO0/S and UMUXO0/11 of cell UMUXQO.



/ Clock Gating Checks---Clock Gating with a Multiplexer /

However a clock gating check can be explicitly forced by providing a set clock gating check

specification.

I
| © set_clock_gating check -high [get_cells UMUXO0] :
| @ set disable_clock_gating _check UMUX0/I1 |
L e e e e e e e e e e e e e e e e e e e = —_
O The disable check turns off the clock gating check on the specific pin, as we are not concerned
with this pin.
O The clock gating check on the multiplexer has been specified to be an active-high clock gating

check.



Clock Gating Checks---Clock Gating with a Multiplexer

Here is the setup timing path report.

SYSCLK
; ;E ;
| | |
Gating signal | | |
UMUX0/S | | Startpoint: UFFO
(falling edge—triggered flip-flop clocked by SYSCLK)
Clock signal Endpoint: UMUXO
MCLK — (rising clock gating-check end-point clocked by MCLK)
0 5 Path Group: **clock gating default**
Path Type: max
Polnt Incr Path
clock SYSCLK (fall edge) 5.00 5.00
clock source latency 0.00 5.00
SYSCLK (in) 0.00 5.00 f
UFFO/CKN (DEN ) 0.00 5.00 £
UFFO/Q (DEN ) 0.15 5.15 r
UMUXO0/S (MUX2 ) 0.00 5.15 r
data arrival time 5.15



/ Clock Gating Checks---Clock Gating with a Multiplexer /

clock MCLK (rise edge) 10.00 10.00
clock source latency 0.00 10.00
MCLK (in) 0.00 10.00 ¢
UMUX0/I0 (MUX2 ) 0.00 10.00 r
clock gating setup time 0.00 10.00
data required time 10.00
data required time 10.00
data arrival time -5.15



/ Clock Gating Checks---Clock Gating with a Multiplexer /

Here is the clock gating hold timing report.

Startpoint: UFFO

(falling edge-triggered flip-flop clocked by SYSCLK)
Endpoint: UMUXO

(rising clock gating-check end-point clocked by MCLK)
Path Group: **clock gating default**
Path Type: min

Point Incr Path
clock SYSCLK (fall edge) 5.00 5.00
clock source latency 0.00 5.00
SYSCLK (in) 0.00 5.00 £
UFFO0/CKN (DFEN ) 0.00 5.00 £
UFFO/Q (DFN ) 0.13 5.13 £
UMUX0/S (MUX2 ) 0.00 5.13 £
data arrival time 5.13



/ Clock Gating Checks---Clock Gating with a Multiplexer /

clock MCLK (fall edge) 5.00 5.00
clock source latency 0.00 5.00
MCLK (in) 0.00 5.00 £
UMUX0/I0 (MUX2 ) 0.00 5.00 £
clock gating hold time 0.00 5.00
data required time 5.00
data required time 5.00
data arrival time -5.13



/ Clock Gating Checks---Clock Gating with Clock Inversion /

Figure 11 shows another clock gating example where the clock to the flip-flop is inverted and the

output of the flip-flop is the gating signal.
utpu ip-flop i gating sig TCLK

UANDO CK1 /
_Ip QOAO , .
Al 1 |
CKI |>< |
| N
|
|
|

|
MCLK
: oo \
|
CK2

Figure 11 Clock gating example with clock inversion.

Gating signal
>CK UANDO/A0

0 5 10 15

Since the gating cell is an and cell, the gating signal must switch only when the clock signal at the and

cell is low. This defines the setup and hold clock gating checks.



Clock Gating Checks---Clock Gating with Clock Inversion

Here is the clock gating setup timing report.

Startpoint: UDFFO

(rising edge-triggered flip-flop clocked by MCLK')
Endpoint: UANDO

(rising clock gating-check end-point clocked by MCLK')
Path Group: **clock_gating default*~*
Path Type: max

Point Incr Path
clock MCLK' (rise edge) 5.00 5.00
clock source latency 0.00 5.00
MCLK (in) 0.00 5.00 £
UINVO/ZN (INV ) 0.02 5.02 r
UDFFO/CK (DF ) 0.00 5.02 r
UDFFO0/Q (DF ) 0.13 5.15 £
UANDO/A1l (AN2 ) 0.00 5.15 £
data arrival time 5.15



Clock Gating Checks---Clock Gating with Clock Inversion

clock MCLK' (rise edge) 15.00 15.00
clock source latency 0.00 15.00
MCLK (in) 0.00 15.00 £
UINV1/ZN (INV ) 0.02 15.02 «x
UANDO/A2 (AN2 ) 0.00 15.02 r
clock gating setup time 0.00 15.02
data required time 15.02
data required time 15.02
data arrival time -5.15

slack (MET) 9.87
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Here is the clock gating hold timing report.

Startpoint: UDFFO

(rising edge-triggered flip-flop clocked by MCLK')
Endpoint: UANDO

(rising clock gating-check end-point clocked by MCLK')
Path Group: **clock gating default**
Path Type: min

Point Incr Path
clock MCLK' (rise edge) 5.00 5.00
clock source latency 0.00 5.00
MCLK (in) 0.00 5.00 £
UINVO/ZN (INV ) 0.02 5.02 r
UDFFO/CK (DF ) 0.00 5.02 r
UDFFO/Q (DF ) 0.13 5.15 r
UANDO/Al1l (AN2 ) 0.00 5.15 r
data arrival time 5.15



/ Clock Gating Checks---Clock Gating with Clock Inversion /

clock MCLK' (fall edge) 10.00 10.00
clock source latency 0.00 10.00
MCLK (in) 0.00 10.00
UINV1/ZN (INV ) 0.01 10.01 £
UANDO/A2 (AN2 ) 0.00 10.01 £
clock gating hold time 0.00 10.01
data required time 10.01
data required time 10.01
data arrival time -5.15
slack (VIOLATED) -4.860

The hold check validates whether the data (gating signal) changes before the falling edge of MCLK

at time 10ns.



/ Clock Gating Checks---Clock Gating with Clock Inversion /

In the event that the gating cell is a complex cell and the setup and hold checks are not obvious, the
set_clock_gating check command can be used to specify a setup and hold check on the gating signal

that gates a clock signal.
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