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Timing Model

Summary

This document describes the CoolRunner™:-I1 timing model. Understanding the CoolRunner-l|
timing model is essential to creating a CPLD design that meets the desired timing
requirements.

Introduction

CoolRunner-II
Architecture

CPLD designers often require an understanding of the device timing model to compare design
specific timing requirements. CPLD designers can use the CoolRunner-II timing model to
create a design that fits required timing requirements and compare design critical paths.
Designers can use the timing model to create equations of time delays for each logic path in a
design. This document will describe the CoolRunner-1l timing model in detail and provide
examples for using this timing model.

A brief overview of the CoolRunner-II architecture as it pertains to the timing model will be
described in the following section.

The CoolRunner-II architecture consists of function blocks that are interconnected by a routing
matrix called the Advanced Interconnect Matrix (AIM). Each function block contains a
Programmable Logic Array (PLA) and 16 macrocells. A total of eight global signals are
multiplexed with eight I/O pins and include three clocks, four output enables, and one set/reset
signal. The CoolRunner-1l architecture allows these global signals to be driven by internal logic.
Figure 1 illustrates a block diagram of the CoolRunner-II architecture.
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Figure 1. CoolRunner-Il Architecture
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Timing Model

The function block product term and sum term array is a pure PLA (programmable AND array,
programmable OR array). Each PLA has 40 inputs from the AIM (true and complement) and
contains 56 unique product terms. Product terms can be used as macrocell clocks, control
terms (reset, preset, asychronous clock, clock enable, or output enable), or as needed as logic
by the macrocells in the function block.

Of the function block product terms, four are available as control terms. The control terms,
CTC, CTR, CTS, and CTE, can be a macrocell clock, reset, preset, or output enable. In addition
to these function block control terms, each macrocell has three dedicated product terms
available as additional control terms, local to that macrocell. PTA can be used as the macrocell
reset or preset, PTB for the macrocell output enable, and PTC for the clock enable or product
term clock. Note that if these product terms are not needed as control terms, they are available
for other logic. Figure 2 illustrates the CoolRunner-II macrocell.
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Figure 2: CoolRunner-1l Macrocell
Overview

External signals enter at the pins and are delivered through the I/O block to the AIM. From the
AIM, they are dispatched to the various function blocks (FBs). As the signals enter the FBs,
they incur incremental time delays depending on how the signals are used within the FB. For
example, all logic signals must pass through the AND array where product terms are created
and a time delay is incurred as the signal progresses. The number of product terms in a logic
equation will impact the time delay encountered on the signal. With the CoolRunner-II
architecture, each macrocell has a fast path that contains one product term, PTC (see

Figure 2), in a logic equation. With this path, the OR term is bypassed and fed directly into the
macrocell register. Logic equations with two or more product terms must enter the OR term and
will therefore encounter an additional time delay.

There are additional timing requirements such as setup and clock-to-output times involved
when passing signals through a flip-flop. The macrocell output is either directed to the 1/0O block
and pin, or are fed back into the AIM switch matrix for additional logic operations.
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Design timing can be manually analyzed as separate signals, each having unigue timing
parameters that are easily calculated. However, the Xilinx development tools provide a detailed
timing report that tallies and summarizes all paths specified by the designer. The timing report
is based on the model described here and is a convenient text based mechanism for isolating
and displaying timing relationships.

Description

The timing model, shown in Figure 3, is used by the Xilinx development software which
provides complete fitting for the CoolRunner-11 family as well as timing models for simulation
and detailed static timing reports.
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Figure 3: CoolRunner-1l Timing Model

The timing model shown in Figure 3 represents the CoolRunner-1l macrocell with additional
time delays included to account for the AIM switch matrix and I/O buffers. As signals progress
through a CoolRunner-1l device, they encounter some of these delays which are tallied to arrive
at a cumulative time delay for that signal. Table 1 provides a detailed definition of each
parameter contained in Figure 3. The exact values for each device can be obtained from the
specific data sheets.

Table 1: CoolRunner-Il Internal Timing Parameters

Parameter Description

Buffer Delays

TiNn Input buffer delay (see Table 2)
Toin Direct input buffer delay (input registers) (see Table 2)
Toek Global clock buffer delay (see Table 2)
Tesr Global set/reset buffer delay (see Table 2)
TeTts Global tristate buffer delay (see Table 2)
TouT Output buffer delay (see Table 2)
TeEN Output buffer enable/disable delay
Product Term Delays
Ter Control term delay (single P-term or FB control term)
XAPP375 (v1.5) February 28, 2003 www.xilinx.com 3
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Table 1: CoolRunner-Il Internal Timing Parameters (Continued)

Parameter Description
TLoai Internal logic delay (single P-term)
TLoci2 Multiple P-term delay adder

Internal Register and Combinatorial Delays

Tepi Macrocell input to output valid

Tsul Macrocell register setup time

Th Macrocell register hold time

TEcsu Macrocell register clock enable setup time
TEcHO Macrocell register clock enable hold time
Teol Macrocell register clock to output delay
Taol Macrocell register set/reset to output delay

Feedback Delays

Te AIM delay

ToEMm Macrocell to global output enable delay
Time Delays

Thys Hysteresis time delay (see Table 2)
TsLEw Slew rate limited delay (see Table 2)

Table 2 illustrates various timing parameters associated with the available 1/0O standards on
CoolRunner-Il devices. Note that the SSTL and HSTL standards are only available on 128
macrocell and larger CoolRunner-Il CPLDs. Values for the parameters shown in Table 2 are
available in the specific product data sheet. Note that values shown in Table 2 are timing delay
adders.

Table 2: I/O Standard Related Timing Parameters

Parameter Description
1.5V 1/0
Tinis Input buffer adder for Ty, Tpiny Tacks Tasr, @and TeTs
ThHys1s Input hysteresis input adder for Tin, Teins Tecks Tasry and TeTs
TouTis Output delay adder
TsLewis Output slew adder
1.8V LVCMOS
Tinis Input buffer adder for Ty, Tpiny Tacks Tasr, @and TeTs
ThHys1s Input hysteresis input adder for Tin, Teins Tecks Tasry and TeTs
TouT1s Output delay adder
TsiLewis Output slew adder
2.5V LVCMOS
Tinos Input buffer adder for Ty, Tpiny Tacks Tasr, @and TeTs
ThHys2s Input hysteresis input adder for Ty, Teins Tecks Tasry and TeTs
TouT2s Output delay adder
4 www.xilinx.com XAPP375 (v1.5) February 28, 2003
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Table 2: I/O Standard Related Timing Parameters (Continued)

Parameter Description
TsLEw2s Output slew adder
3.3V LVTTL/LVCMOS
Tinz3 Input buffer adder for T)n, Tpin: Teck: Tasr, @nd TgTs
THys33 Input hysteresis input adder for Ty, Tein: Teck: Tasr: and TeTs
TouTss Output delay adder
TsLEw33 Output slew adder
SSTL2-I
Tinss2 Input buffer adder for Ty, Tpiny Tacks Tasr, @and TeTs
TouTss? Output delay adder
SSTL3-I
TiNss3 Input buffer adder for Tyn, Tpiny Tacks Tasr, @and TeTs
TouTsss Output delay adder
HSTL-I
TiNHS1 Input buffer adder for Ty, Tpiny Tecks Tasr, @and TeTs
TouTHs1 Output delay adder

External Timing Parameters

Table 3 shows how key external timing parameters are derived from the internal timing

parameters.

Table 3: Expressions for External Timing Parameters

Parameter Description Equation

Tep1 Propagation delay time (single P-term) Tint Tiocin + Teor + TouT

Tep2 Propagation delay time (OR array) Tint Tiocin + TLoaiz + Tepi + Tout
Tsub Direct input register setup time Toin+ Tsui— Teck

Tsui Setup time (single P-term) Tint+ Tioain + Tsui— Taeck

Tsu2 Setup time (OR array) Tin+ Togin * TLogiz + Tsui — Teek
Tup Direct input register hold time Tack + Tar — Ton®

T Hold time Teck +Tri = Tin = Troein™®

Tco Clock to output (global synchronous clock pin) Teck * Tcol + TouT

TevelEr Minimum clock period (single P-term) Tcor* Te+ Tloain * Tsul

TevelE? Minimum clock period (OR array) Tcor* TE+ Tloain t TLociz *+ Tsul
fsysTEM1 Maximum system frequency (single P-term) UTeyeler

fsysTEM2 Maximum system frequency (OR array) UTeyele

fexT1 Maximum external frequency (single P-term) U(Tsyr + Teco)

fexT2 Maximum external frequency (OR array) U(Tsy2 + Teo)

froccLE Maximum register toggle frequency /(2 *Tew)

Tesup Direct input register P-term clock setup time Tont Tsui—Tin—TeT
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Table 3: Expressions for External Timing Parameters (Continued)

Parameter Description Equation
Tpsu1 P-term clock setup time (single P-term) Tnt Tiocin t Tsui— Tin— Tet
Tpsu2 P-term clock setup time (OR array) Tint+ Tiocin ¥ Tlogiz * Tsui— Tin— Tet
TeHD Direct input register P-term clock hold time Tint Ter+ Ty — Tpiy + Skew
Ten P-term clock hold TN+ Ter + Tai= Tin = TLoan®
Tpco P-term clock to output TntTer+ Teor + Tout
Toe/Top Global OE to output enabled/disabled Tots + Ten

Tpoe/Tpop | P-term OE to output enabled/disabled TNt Ter+ Ten

Tmoe/Tmop | Macrocell driven OE to output enabled/disabled Tock * Tcor+ Toem + TeN
Trao P-term set/reset to output set/reset TntTer+ Taor + Tout

Tao Global set/reset to output set/reset Tosr * Taor + Tout

Tsuec Register clock enable setup time Tint Ter*+ Tecsu — Tock
Thec Register clock enable hold time Toek * TeEcho—Tin— TeT
Tew Global clock pulse width (high or low) Please see product data sheet
Tpcw P-term clock pulse width (high or low) Please see product data sheet
Toesu Input setup required before DataGate latch assertion Please see product data sheet
ToGH Input hold relative to DataGate latch assertion Please see product data sheet
Toer DataGate recovery to new data relative to data input pin | Please see product data sheet
Toow DataGate high pulse width Please see product data sheet
Teprsu Setup time of CDRST before negative going GCK2 Please see product data sheet
TcpbrH Hold time of CDRST after negative going GCK2 Please see product data sheet
Notes:

1. All CoolRunner-Il devices guarantee a zero hold time, even though the equations shown here may create a negative hold time

value.

Combinatorial

Timing

Examples

Please note that these times will change if multiple feedback passes (internal nodes) are used.

The following sections provide a few examples of how the device timing is calculated. These

calculations are automatically done for the user by software development tools but examples
are provided here to help the user better understand how the software calculates device timing.
Please note these examples do not cover every possible case.

This section provides various combinatorial timing examples. The examples provided here

include proprogation delay with a single P-term, multiple P-terms, and multiple levels of logic.

One combinatorial timing example is propagation delay, or Tpp. CoolRunner-1l Tpp is
seperated into two individual timing parameters, Tpp; and Tpp,. Tppy is calculated based on a
single P-term path in the PLA structure. Tpp, is calculated based on more than one P-term

existing in the data path.

Single Product Term Propogation Delay

The CoolRunner-II architecture provides a fast path Tpp with a single product term logic
equation. With a single P-term logic equation, the OR term can be bypassed, and the P-term is
fed directly in the macrocell using PTC (see Figure 2).

www.xilinx.com
1-800-255-7778
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Tppy is calculated as the sum of the input buffer time delay (T,y), the single P-term logic time
delay (T og1), the bypass path of the macrocell (Tpp,), and the output buffer time delay (ToyT).
as shown in Figure 4. Note that the input buffer delay is combined with the AIM time delay since
the entering signal passes through the AIM switch matrix.

Function Block

| Tpp1 = TiN * TLogis * Teoi + Tout |

XAPP375_04_121301

Figure 4: Tpp; with a Single Product Term

Multiple Product Term Propogation Delay

Figure 5 illustrates a variation to the simple Tpp; example with the addition of more product
terms. The time delay from input A is slightly altered with Tpp,, which accounts for additional
product terms. Tpp, is the same independent of the number of product terms, ranging from 2 to
56.

Function Block

|
A >—F
I TLOG|2

TOUT

| Tep2=Ta . B=TiN+ TLocin + Trogiz + Tepi + Tout |

XAPP375_05_112701

Figure 5: Tpp, with 2 to 56 Product Terms

Multiple Logic Level Propogation Delay

If combinational data requires multiple passes of logic, Tpp will increase accordingly. Figure 6
illustrates the case where Tpp is calcuated based on cascaded levels of logic. In this case,
there is a single pass through the input buffer, a pass through the function block logic, a pass
through the feedback path, an additional pass through the function block logic, and the output
buffer.

Function Block Function Block

| Tpp=Ta . B=Tin+ Tiogr * Tppi + Te+ Trogr + Tepi + TOUT|

XAPP375_06_112701

Figure 6: Tpp with 2 Levels of Logic
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Note: T ogr = TLogi if @ single P-term is used, and T, gg;< = TLogint TLogiz if 2 to 56 P-terms are
used.

Registered Simple Registered Path
Timi ng A simple registered timing example is shown in Figure 7. Figure 7 illustrates a macrocell flip-
Exam ples flop with a CoolRunner-II global synchronous clock signal, GCK. The equations for Tgy, Tco,
and Ty are valid for this arrangement. In this example, the equations for Tg, Tco, and Ty are
not for fast input register or any special clocking features, ie. divider or doubler. The equations
shown in Figure 7 are closely related to Tg1/Tgy2, Tco, and Ty described in Table 3.
__ _ FunctionBlock
Tin i_ TiLocr : Tour
|
o DD > o
: Tsui I
| Ty Teol| |
GCK | }—| >_4—, :
o |
Teck
| Tsu=Tin * Togr + Tsul — Teck |
| Tco =Tgek *+ Tcor + Tout |
| Th=Teck * Thi — Tin — TLogr |
XAPP375_07_112801
Figure 7: Simple Registered Path
Direct Input Register
Figure 8 illustrates the CoolRunner-II direct input register architecture feature. Direct input
registers allow a designer to capture data from a high speed external bus with minimal Tg.
The equations shown in Figure 8 are closely related to Tgyp, Tco. and Typ described in
Table 3.
Function Block
Ten :_ ' Tour
| }—| >+ {omQ j_i' >0
I Tsui |
Teol| |
T
GCK | n
\ |
Teck
| Tsu = Trn + Tsui — Teck |
| Tco=Teck * Tcor + Te+ Tiogrr + Tout |
| TH=Teek+ THi— TRIN |
XAPP375_08_112801
Figure 8: Direct Input Register Path
Product Term Clocking
Another architectural feature available in CoolRunner-11 is product term register clocking.
Product terms clocks available in each CoolRunner-1l macrocell include, CTC and PTC shown
in Figure 2. PTC is dedicated to each macrocell, while CTC is shared among macrocells within
8 www.xilinx.com XAPP375 (v1.5) February 28, 2003
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a function block. Figure 9 illustrates the timing parameters for product term clocking on a single
flip-flop. This implementation is similar to Figure 7 except the clock source is now a
product/control term. The timing parameters, Tpgy, Tpco, and Tpy shown in Figure 9 are
closely related to the equations for Tpgy1/Tpsuz, Tpco. and Tpy described in Table 3.

Function Block

| Tpsu=Tin+ Tiogir + Tsui— Tin—Ter |

| Tpco=Tin+ Tcr + Tcor + Tout |

|TPH =TiN*t Ter+ Thi— Tin— TLogr

XAPP375_09_112801

Figure 9: Product Term Clocking

Register Clock Enable

CoolRunner-Il CPLDs provide true clock enables at each flip-flop as shown in Figure 10. Each
macrocell has one dedicated clock enable, PTC. The clock enable has both setup (Tgygc) and
hold (Tygc) timing parameters. The Tgygc and Tyec equations shown in Figure 10 are closely
related to Tgygc and Tyge shown in Table 3.

Q
o > Tcol
TN TLOGK eee D Q
D ’ > CE
GCK D—[>—
Teek

| Tsuec = TiN + Troci + Tecsu — Tecek |

| Thec = Teek + TecHo — Tin — TLogi |

XAPP375_10_112801

Figure 10: Clock Enable Timing Parameters

Registered Logic with Multiple Levels

Figure 11 illustrates multiple levels of logic clocked by the global clock, GCK. The calculation
for maximum system frequency is shown in Figure 11. Maximum system frequency is
determined by the time delay of one flip-flop output to the next flip-flip input. As shown in

XAPP375 (v1.5) February 28, 2003 www.xilinx.com 9
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Figure 11, fgysTEM iS determined by the first flip-flop output, T, the AIM feedback delay, Tg,
the delay through the PLA, T o+, and the register setup time, Tgy.

___FunctionBlock ____ AM
TN :_ Toar : Delay
I
|:|—| > | )% )—{DIT Q[ ™ [
: Tsul T I
coll| |
GCK D_[>/,_;_l Thi |
|
I
I
Tock - N
___ FunctionBlock _ __ _
| TLoai | Tour
I
I Tsui . I
: Ty col :
.
fsystem = U(Tcor + Te + TLogr + Tsul)|
XAPP375_11_112801
Figure 11: Multiple Logic Levels
I/O Related Global Output Enable
Timi ng Output enable timing can be calculated for both the CoolRunner-11 global output enable, GTS
Exam ples and product term driven OE control. The timing delay from the CoolRunner-I11 global output

enable, GTS to enabling or disabling the output is shown in Figure 12.

Function Block

GTS [

Tets | Tog/Top = Tars + Ten

XAPP375_12_112801

Figure 12: Global Output Enable Timing
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Product Term Output Enable

For product output enable control, each macrocell has one dedicated OE and one function
block OE control shown in Figure 2. The timing parameters when using one of these product
term driven output enables is shown in Figure 13.

Function Block

| Tpoe/Tpop = Tin + Ter + Ten

XAPP375_13_112801

Figure 13: Product Term Output Enable Timing

Macrocell Driven Output Enable

The CoolRunner-1l architecture also allows a macrocell to drive the global output enable. The
macrocell output can be routed to one of the four available global output enables, GTS[3:0].
Figure 14 illustrates this case and the associated Ty,og/Tpmop timing parameters. Note the
lower function block drawing is for the data output.

Function Block

T T ogr I
IN : LOGI | Toem
DD
: Tsui |
| T Tco :
GCK I
o |
TGCK
Function Block
TIN |_ __________ 0

| Tmoe/Tmop = Teek + Teor + Toem + TEN|

XAPP375_14_112801

Figure 14: Macrocell Driven Ouput Enable Timing

I/O Standard Timing

Figure 15 illustrates a registered timing example using multiple /O standards. This example
utilizes 3.3V LVCMOS tolerant inputs and drives 1.8V LVCMOS outputs. Note the addition of
the 3.3V LVCMOS timing delay, Ty33 on both the data and GCK inputs. Also note the addition

XAPP375 (v1.5) February 28, 2003 www.xilinx.com 11
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DataGate
Characteristics

Clock Divider
Reset
Characteristics

of the 1.8V LVCMOS output delay adder, Tgyt18- The associated Tgyy, Tco and Ty timing
parameters are shown in Figure 15.

Function Block

TN Tinaz | TLogr | Tour  Tours

I |
DB E S
: Tsui T I
I T col :
GCK |

|
b e e e |

Teck Tinas

| Tsu=Tin + Tinas + Trogr *+ Tsui — Tack — Tinas |

| Tco = Teek * Tinss + Tcor + Tout + Toutis |

| Th=Tock *+ Tinagz + THi — Tin— Tinzz — TLogi

XAPP375_15_112901

Figure 15: 1/O Standard Timing Example

For more information on using DataGate in CoolRunner-II devices, refer to the family data
sheet found on http://www.xilinx.com.

Figure 16 illustrates the timing requirements when using DataGate. A description of each
timing parameter can be found in Table 3, page 5. The timing parameter, Tpgg, is referred to
as the DataGate latch recovery time. Tpgr represents the recovery time of the DataGate latch
output with respect to the DataGate enable input, DGE. The delay, Tpp*, shown in Figure 16
illustrates the delay incurred from the DataGate latch output to the pin output data.

T T

DGSU DGH DGW
DataGate Enable —J
Data at Pin [ I
Output Data at Pin L]
Teo Toer Tep”

| Tpp* = TLogix *+ Tepi + TouT

| TpD (from deasserted DGE) = TDGR + T|_06|* + TpD| + TOUT

x375_16_020¢

Figure 16: DataGate Timing Requirements

The clock divider reset signal, CDRST, is available for use with the global clock divider in
CoolRunner-Il devices. The CDRST is an active high reset signal for the clock divider circuit on
GCK2. The CDRST signal is asserted low (disable reset condition) and is recognized by the
clock divider on the next falling edge of the incoming clock, GCK2. Once this condition is met,
the output of the clock divider will toggle at the specified frequency.

12
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Figure 17 illustrates the setup and hold time requirements with using the clock divider reset,
CDRST, on CoolRunner-Il devices.

T T

. 'CDRSU. . CDRH
GCK2 B Wy NN
CDRST — 1 —

Divide By 2 Output — L—

x375_17_123102

Figure 17: CDRST Timing Requirements

These examples should start to illustrate how timing parameters are calcuated from the Xilinx
software tools. When calculating register hold times, skew should also be accounted in the
equation. Other timing delays, such as Tg gy are easily added to the output timing
requirements.

Conclusion Studying the CoolRunner-II timing model should provide a basic understanding of how timing
parameters are calculated. Understanding the timing model allows designers to maximize
system performance in any CoolRunner-1l CPLD design.

Revision The following table shows the revision history for this document.
History
Date Version Revision
12/19/01 1.0 Initial Xilinx release.
02/04/02 11 Changes made to Table 3, page 5. Removed Tgygc; and Thecr

timing parameters. Renamed Tgygc, t0 Tsygc and Tygeo t0 Thec-
Modified Tgygc and Thec equations. Modified Tpy, equation.

06/03/02 1.2 Changes made to Table 3, page 5. Renamed Tgy,; to Tgyg. Added
Tgyq parameter. Renamed Teye g 10 TeyeLge: Added Teyeler
parameter. Renamed Fgystem (0 TsystEM2: Added FgystEMm1
parameter. Renamed Fgyt t0 Fexro. Added Feyq parameter.
Renamed Tpgyq t0 Tpgye. Added Tpgy, parameter. Added
FroccLe timing parameter. Renamed Ty, to Tyg. Renamed Ty, to
Th. Renamed Tpyq t0 Tpye. Renamed Tpy, to Tpy.

01/3/03 1.3 Added 1.5V /O timing parameters in Table 2, page 4. Added
DataGate timing parameters and illustration. Added clock divider
reset timing parameters and illustration. Changed all references
from "Fast Input Register" to "Direct Input Register". Changes made
to Table 3, page 5. Renamed Tg) to Tpy- Renamed Tgyg to Tgyp.-
Renamed Ty to Typ. Renamed Tpgyp to Tpgyp. Renamed Tpye to

TpHD-
02/11/03 14 Updated Figure 16 Tpgyy Specification.
2/28/03 15 Removed timing parameters Tcpy and Tra-
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