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Setup Check and Hold Check Analysis

There are two categories of multicycles:

B  Multicycle Setup—This type of multicycle modifies the setup relationship,
changing either the launch (source) clock edge or latch (destination) clock edge.

B  Multicycle Hold—This type of multicycle modifies the hold relationship,
changing either the launch (source) clock edge or latch (destination) clock edge.

You can apply each category of multicycle to the launch or latch edge of the source or
destination clock, respectively.

Table 1 summarizes the type of commonly used multicycles assignments. The
TimeQuest Timing Analyzer support many forms of multicycles.

For complete details, refer to the Quartus II Handbook.

Table 1. Multicycle Types

Type Clock Timing Check Shorthand (7)
End Multicycle Setup Destination Setup EMS
End Multicycle Hold Destination Hold EMH
Start Multicycle Setup Source Setup SMS
Start Multicycle Hold Source Hold SMH

Note to Table 1:

(1) The shorthand shown in this column is used for the remainder of this document.

Multicycle Setup
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The setup relationship is defined as the number of clock periods between the latch
edge and the launch edge (Latch Edge — Launch Edge).

For every register-to-register path, the TimeQuest Timing Analyzer calculates the
setup slack for the path. The setup slack is calculated with Equation 1.

Equation 1.

setup slack data required time —data arrival time

(latch edge + ty o — Igy) — (launch edge + ty,q + tog + tyata)

(latch edge —launch edge) + (fy0 — tt) — (foo + tyata + fsy)

Notes to Equation 1:
1)ty = the propagation delay from clock source to clock input on source register

(

(2)  tqio = the propagation delay from clock source to clock input on destination register
(3)  tgata = the propagation delay from source register to data input on destination register
(4) tco = the clock to output delay of source register

(5) tgy = the setup requirement of destination register

(6)  tgg = the hold requirement of destination register

When performing setup checks, each latch edge at the destination register is analyzed
with respect to the closest previous launch clock edge at the source register.

setup check = current latch edge — closest previous launch edge

With a multicycle setup, the setup check is changed.
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By default, the TimeQuest Timing Analyzer performs a single-cycle setup analysis,
which results in the setup relationship being equal to one clock period (Latch
Edge — Launch Edge). By applying a multicycle setup, the setup relationship is
increased—or relaxed—by the value of the multicycle setup value.

A EMS modifies the latch edge of the destination clock by moving the latch edge to
the right of the determined default latch edge. Figure 2 shows various values of the
EMS and the resulting latch edge.

Figure 2. Various EMS Values

REG1.CLK

EMS = 1 EMS=3

(default) EMS = 2
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Il=" The EMS shifts the latch edge to the right by the value (number of clock periods)
specified relative to the launch edge.

A SMS modifies the launch edge of the source clock by moving the launch edge to the
left of the determined default launch edge. Figure 3 shows various values of the SMS
and the resulting launch edge.

Figure 3. Various SMS Values
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Table 2 shows the SDC commands to apply a EMS and a SMS in the TimeQuest
Timing Analyzer.

The TimeQuest Timing Analyzer does not report negative setup or hold relationships.
When either a negative setup or negative hold relationship is calculated, the
TimeQuest Timing Analyzer moves both the launch and latch edges such that the
setup and hold relationship becomes positive.

Figure 4 shows the setup relationship reported by TimeQuest for the negative setup
relationship shown in Figure 3.
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Figure 4. Various SMS Values as Reported by TimeQuest
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(= The SMS shifts the launch edge to the left by the value (number of clock periods)
specified relative to the latch edge.

Table 2. Multicycle Setup SDC Commands

Type of
Multicycle SDC Command
EMS set _multicycle_path —end —setup
SMS set_multicycle path —start —setup

<@ For more information about the set _mnul ti cycl e_pat h command, refer to the
Quartus 11 TimeQuest Timing Analyzer chapter volume 3 of the Quartus II Handbook.

Multicycle Hold

The hold relationship is defined as the number of clock periods between the launch
edge and the latch edge (Launch Edge — Latch Edge).

For every register-to-register path, the TimeQuest Timing Analyzer calculates the
hold slack for the path. The hold slack is calculated with Equation 2.

Equation 2.
hold slack = data arrival time — data required time

(launch edge + tyq + foq + i) — (latch edge + 0 — 1)

(launch edge — latch edge) — (tyo — foq) + (fog + tyata — )

Notes to Equation 2:

1) 1 = the propagation delay from clock source to clock input on source register
)t = the propagation delay from clock source to clock input on destination register
) 14aa = the propagation delay from source register to data input on destination register

4) g0 = the clock to output delay of source register
) tgy = the setup requirement of destination register
) 1y = the hold requirement of destination register
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The TimeQuest Timing Analyzer performs two hold checks. The first hold check
determines that the data launched by the current launch edge is not captured by the
previous latch edge. The second hold check determines that the data launched by the
next launch edge is not captured by the current latch edge.

hold check 1 = current launch edge — previous latch edge

hold check 2

next launch edge —current latch edge

The TimeQuest Timing Analyzer performs hold checks for every possible setup
relationship, not just the worst case setup relationship. However, only the worst case
relationship is reported.

If a hold check overlaps a setup check, the hold check is ignored.

Typically, for single cycle hold analysis, the hold relationship is defined by Equation 3.

Equation 3.

launch edge — latch edge = 0 clock cycles

The hold relationship is the number of clock periods between the launch edge and the
latch edge.

As with the setup analysis, the TimeQuest Timing Analyzer defaults to a single cycle
hold analysis. If your design has multicycle relationships, applying multicycle
assignments relaxes the hold time relationship calculated by the single cycle hold
relationship. Multicycle hold relaxes hold slack equation by the amount of clock
cycles specified.

A EMH modifies the latch edge of the destination clock by moving the latch edge to
the left of the determined default latch edge. Figure 6 shows various values of the
EMH and the resulting latch edge.

Figure 5. Various EMH Values
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The TimeQuest Timing Analyzer does not report negative setup or hold relationships.
When either a negative setup or negative hold relationship is calculated, the
TimeQuest Timing Analyzer moves both the launch and latch edges such that the
setup and hold relationship becomes positive.

Figure 6 shows the setup relationship reported by the TimeQuest Timing Analyzer for
the negative hold relationship shown in Figure 5.
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Figure 6. Various EMH Values as Reported by the TimeQuest Timing Analyzer
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An SMH modifies the launch edge of the destination clock by moving the latch edge
to the right of the determined default launch edge. Figure 7 shows various values of
the SMH and the resulting launch edge.

Figure 7. Various SMH Values
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Table 3 shows the SDC commands to apply a EMH and a SMH in the TimeQuest
Timing Analyzer.

Table 3. Multicycle Setup SDC Commands

Type of
Multicycle SDC
EMH set _multicycle_path —end -hold
SMH set_nmulticycle_path —start -hold

<@ For more information about the set _mul ti cycl e_pat h command, refer to the
Quartus 1I TimeQuest Timing Analyzer chapter in volume 3 of the Quartus II Handbook.
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Basic Multicycle Cases

Case 1: Default

This section shows various combinations of multicycle exceptions and explains how
they affect the default setup and hold analysis in the TimeQuest Timing Analyzer.
Seven cases of different combinations of multicycles are addressed:

m “Case 1: Default” on page 7

m “Case 2: EMS =2 and EMH = 0” on page 9
m “Case 3: EMS =1 and EMH = 1" on page 12
m “Case 4: EMS =2 and EMH = 1" on page 14
m “Case 5: SMS =2 and SMH = 0" on page 17
m “Case 6: SMS =1 and SMH = 1" on page 19
m “Case7: SMS =2 and SMH = 1" on page 22

The multicycle exceptions are applied to a simple register-to-register circuit, as shown
in Figure 1 on page 1. Both the source and destination clocks are set to 10 ns.

For the default case, no multicycle exceptions are applied. By default, the TimeQuest
Timing Analyzer performs a single cycle analysis to determine the setup and hold
checks.

By default, the TimeQuest Timing Analyzer sets the EMS to 1 and the EMH to 0.

Figure 8 shows the source and the destination timing waveform for the source register
and destination register, respectively.

Figure 8. Timing Diagram for the Default Case
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To determine the setup check, The TimeQuest Timing Analyzer performs the
calculation shown in Equation 4.

Equation 4.
setup check = current latch edge — closest previous launch edge
= 10ns-0ns
= 10ns
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The most restrictive setup relationship with the default single cycle analysis (that is,
EMS equal to 1) is 10 ns.

Figure 9 shows the resulting setup report in the TimeQuest Timing Analyzer with the
launch and latch edges.

Figure 9. Setup Report for the Default Case

Path #1: Setup slack is 9.077 Path #1: Setup slack is 9.077

Path Summary | Statistics Data Path IWavelorml Path Summary I Statistics | Data Path | Waveform |
Data al Path Property IVaIue [
Totd  [ine  |AF |Type  [Fanout |Element 1][From Node sic
1:]0.000 0.000 launch edge time Z ToNode dst
12]2522 |2522 |R [ | | clock netwark delay 3| Launch Clock clk_sic
13|2606  |0.084 |uTeo 1 |sic 4 |Latch Clock. | clk_dst
|4]2606  |0.000 RR |CELL |1 siclg 5| Data Ariival Time 3.085
E 2864 |0.258 RR |IC 1 | dst"feederldataf | i Data Required Time  12.142
|6]2980  |0.036 RR |CELL 1 | dst™feederlcombout | 7|Slack 9.077
|7]2960 |0.000 RR |IC 11 | dstid
|8]3.085 |0.105 RR CELL 1 | dst
< ! =
Data Req ed Path
Total [Incl RF Type Fanout Element
110000 10,000 latch edge time Bl
12]12248 2248 R | | | clock network delay
13[12142  |-0.108 ulsu |1 dst
S3 ¥

To determine the hold check, the TimeQuest Timing Analyzer performs Equation 5.

Equation 5.
hold check 1 = next launch edge — current latch edge
= Ons-0ns
= Ons
hold check2 = 10ns-10ns
= 0ns

"=~ Both hold checks are equivalent in magnitude.

The most restrictive hold relationship with the default single cycle analysis (in other
words, EMH equal to 0) is 0 ns.

Figure 10 shows the resulting hold report in the TimeQuest Timing Analyzer with the
launch and latch edges.
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Figure 10. Hold Report for the Default Case (Note 1)

Path #1: Hold slack is 0.119 Path #1: Hold slack is 0.119

Path Summary | Statistics Data Path lWavefolrn[ Path Summary I Statistics | Data Path | Waveform |
Data Arrival Path Property IVaiue J
Total Incr RF Type Fanout Element 1 [From Node sic
1140.000 ' 0.000 launch edge time Z To Node |dst
2|2258 2258 R _ _ | clock network delay | 3 |Launch Clack | clk_src
13]2342 0084 | uTeo |1 |s1c 4 |Latch Clock | clk_dst
1412342 0000 FF  |CELL 1 |siclq 5 | Data Avrival Time [2.771
15|2619 | 0.277 FF |IC L | dst~feederldataf | B|Data Required Time | 2.652
|6|2684  |0.065 FF CELL 11 | dst™feederlcombout | 7|Slack 0118
|7|2684 0000 FF  IC 1 dstid
18]2771 0087 |FF |CELL 1 | dst
< | >
Data Required Path
Total Incr RF Type Fanout Element
1{0.000 0.000 latch edge time |
i 2513 2513 R | clock network delay
|3]2652 0139 uTh 1 dst
< >
Note to Figure 10:

(1) The TimeQuest Timing Analyzer does not report both hold checks. It shows the most restrictive hold check.

Case 2: EMS=2and EMH=0

In this case, the EMS is set to 2 and the EMH is set to 0. The following multicycle
exceptions are applied to the register-to-register design:

set_multicycle_path -from[get_clocks clk_src] -to [get_clocks clk_\
dst] -setup -end 2

['=~ A EMH is not required, because the default EMH is equal to 0.

In this case, the setup relationship is relaxed by a full period by moving the latch edge
to the next latch edge. Hold analysis remains the same as the default case.

Figure 11 shows the setup timing diagram for this case. The latch edge is a cycle later
than the default single cycle analysis.

Figure 11. Setup Timing Diagram for the EMS Equal to 2 and the EMH Equal to 0
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Basic Multicycle Cases

To determine the setup check, The TimeQuest Timing Analyzer performs the
calculation shown in Equation 6.

Equation 6.
setup check = current latch edge — closest previous launch edge
= 20ns-0ns
= 20ns

The most restrictive setup with a EMS set to 2 is 20 ns.

Figure 12 shows the resulting setup report in the TimeQuest Timing Analyzer with
the launch and latch edges.

Figure 12. Setup Report for the EMS Equal to 2 and the EMH Equal to 0

Path #1: Setup slack is 5.809 Path #1: Setup slack is 5.609

Path Summary | Statistics Data Path l Waveform | Path Summary I Statistics | Data Path | Waveform |
Data Arrival Path Property IVaIue I
Total Inct RF Type Fanout Element |1 |From Node sic
| 1:{0.000 0000 | |launch edge time 12| ToNode |dst
2|2.522 2522 R ‘ clock network delay |3|Launch Clock clk_src
|3|2606 0084 | uTco 1 |src |4 |Latch Clock | clk_dst
14/2606 0000 |FF CELL 1 |srclg |5 [Multicycle - SetupEnd |2
5|15948 1332 FF|IC i dstlasdata (6| Data Avtival Time 116.333
16116333 |0.385 FE. CELLE 1 dst i Data Required Time |22.142
< > 8] Slack 5.809
Data Required Path
Total Incr RF Type Fanout Element
120000 |20000 | | | |latch edge time
2122248 12248 R [ | | clock network delay
3|22142 .00 uTsu 1 |dst
< 2
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Because the hold latch and launch edges remain the same as the default case, the hold
analysis is equivalent to the single cycle hold analysis. Figure 13 shows the timing
diagram for the hold checks for this case. The hold checks are relative to the setup
check. In general, hold checks are performed on every possible setup check and not
just to the most restrictive setup check edges.
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Figure 13. Hold Timing Diagram for the EMS Equal to 2 and the EMH Equal to 0

-10 0 10 20
Current'Launch

REG1.CLK
\ \ :
Data Het  sg Hc2

REG2.CLK

Current Latch

To determine the hold check, the TimeQuest Timing Analyzer performs the
calculations shown in Equation 7.

Equation 7.
hold check 1 = current launch edge — previous latch edge
= 0ns—-10ns
= -10ns
hold check2 = next launch edge — current latch edge
= 10ns—-20ns
= -10ns

L=~ Both hold checks are equivalent in magnitude.

With the EMS set to 2 and using the default single cycle analysis with the EMH set to
0, the most restrictive hold relationship is 10 ns.

Figure 14 shows the resulting hold report in the TimeQuest Timing Analyzer with the
launch and latch edges.
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Figure 14. Hold Report for the EMS Equal to 2 and the EMH Equal to 0

Case 3: EMS =1 and EMH =1

In this case, EMS is set to 1 and EMH is set to 1, and the following multicycle
exceptions are applied to the register-to-register design:

set_multicycle_path -from[get_clocks clk_src] -to [get_clocks clk_\
dst] -hold -end 1

"=~ A EMS was not applied, because the default EMS is equal to 1.

In this case, the hold relationship is relaxed by a full period by moving the latch edge
to the previous latch edge. The setup analysis remains the same as the default single
cycle.

Figure 15 shows the setup timing diagram for this case. The latch edge remains the
same as in the default single cycle analysis case.

Figure 15. Setup Timing Diagram for the EMS Equal to 1 and the EMH Equal to 1
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