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DC and Switching Characteristics

General Specifications

DC and switching characteristics for —F speed grade targets are based only on simulation.

The characteristics provided for —F speed grade are subject to change after establishing FPGA specifications. Some
restrictions might be added and will be reflected in future revisions of this document. The —F speed grade is only
supported in the commercial temperature range.

Operating Conditions

Stresses beyond those listed in the Table 3-1 may cause permanent damage to the device.

Exposure to absolute maximum rated conditions for extended periods may affect device reliability. Devices should not
be operated outside the recommended operating ranges specified in Table 3-2 on page 3-2.

Table 3-1 o  Absolute Maximum Ratings

Symbol Parameter Limits Units
Ve DC core supply voltage -0.3t0 1.65
Vitag JTAG DC voltage -0.31t03.75 \Y
Veump Programming voltage -0.3t03.75 \Y
Veepl Analog power supply (PLL) -0.3t0 1.65 V
Ve DC I/0 output buffer supply voltage -0.3t03.75 \Y
VMV DC /O input buffer supply voltage -0.3t03.75 Y
Vi I/O input voltage —-0.3V to0 3.6 V (when I/O hot insertion mode is enabled) Vv
-0.3Vto (Ve + 1V)or 3.6V, whichever voltage is lower (when
I/0 hot-insertion mode is disabled)
Tsta 2 Storage Temperature -65 to +150 °C
T,? Junction Temperature +125 °C
Notes:

1. The device should be operated within the limits specified by the datasheet. During transitions, the input signal may undershoot or
overshoot according to the limits shown in Table 3-3 on page 3-2.

2. For Flash programming and retention maximum limits refer to Table 3-4 on page 3-2 and for recommended operating limits refer to
Table 3-2 on page 3-2.
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Table 3-2 « Recommended Operating Conditions

Symbol Parameter Commercial Industrial Units
Ta Ty Ambient and Junction temperature 0to+70 -40 to +85 °C
Ve 1.5V DC core supply voltage 1.425t0 1.575 1.425 to 1.575 \Y
VitaG JTAG DC voltage 1.4103.6 1.4t03.6 \
Veump Programming voltage Programming Mode 3.0to 3.6 3.0t0 3.6 V
Operation? 0t03.6 0t03.6 Y
Veepl Analog power supply (PLL) 141016 141016 \Y
Vcerand VMV [ 1.5V DC supply voltage 1.425 to 1.575 1.425 to0 1.575 \Y
1.8 V DC supply voltage 1.7t01.9 1.7t01.9 \
2.5V DC supply voltage 23t02.7 23t02.7 \
3.3V DC supply voltage 3.0t0 3.6 3.0to 3.6 \
LVDS/BLVDS/M-LVDS differential I/O 2.3751t0 2.625 2.3751t0 2.625 \Y
LVPECL differential I/O 3.0t03.6 3.0t0 3.6 \Y
Notes:

1. The ranges given here are for power supplies only. The recommended input voltage ranges specific to each I/O standard are given
in Table 3-13 on page 3-15. VMV and V¢ should be at the same voltage within a given I/O bank.

2. All parameters representing voltages are measured with respect to GND unless otherwise specified.
3. Vpymp can be left floating during normal operation (not programming mode).

Table 3-3 * Flash Programming Limits - Retention, Storage and Operating Temperature’

Programming Program Retention Maximum Storage Maximum Operating Junction
Product Grade Cycles (Biased/Unbiased) Temperature Tgrg (°C) 2 Temperature T, (°C) 2
Commercial 500 20 years 110 110
Industrial 500 20 years 110 110

Notes:
1. This is a stress rating only, functional operation at any other condition other than those indicates is not implied.
2. These limits apply for program/data retention only. Refer to tables 3-1 and 3-2 for device operating conditions and absolute limits.

Table 3-4 ¢  Overshoot and Undershoot Limits (as measured on quiet 1/0s)"

Average V¢ -GND Overshoot or Undershoot Duration as a Maximum Overshoot/
Vo and VMV Percentage of Clock Cycle? Undershoot)?
2.7V or less 10% 1.4V
5% 1.49V
3V 10% 1.1V
5% 1.19V
3.3V 10% 0.79V
5% 0.88 V
36V 10% 0.45V
5% 0.54V

Notes:
1. Based on reliability requirements at 85°C.

2. The duration is allowed at one cycle out of six clock cycles (estimated SSO density over cycles). If the overshoot/undershoot occurs at
1 out of 2 cycles, then the maximum overshoot/undershoot has to be reduced by 0.15 V.
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I/0 Power-Up and Supply Voltage Thresholds for Power-On Reset (Commercial and
Industrial)

Sophisticated power-up management circuitry s V¢ Trip Point:

designed into every ProASIC3E device. These circuits Ramping up: 0.6 V < trip_point_up < 1.1V
ensure easy transition from the powered-off state to the  Ramping down: 0.5 V < trip_point_down < 1V
powered-up state of the device. The many different
supplies can power-up in any sequence with minimized
current spikes or surges. In addition, the I/O will be in a
known state through the power-up sequence. The basic
principle is shown in Figure 3-1.

Vce and V¢ ramp-up trip points are about 100 mV
higher than ramp-down trip points. This specifically
built-in  hysteresis prevents undesirable power-up
oscillations and current surges. Note the following:

e During programming, 1/Os become tristated and

There are five regions to consider during power-up. weakly pulled up to V
cal

ProASIC3E I/Os are activated only if ALL of the following
three conditions are met:

1. Vcc and V¢c are above the minimum specified trip

e JTAG supply, PLL power supplies, and charge pump
Vpump supply have no influence on I/0 behavior.

points (Figure 3-1). Internal Power-Up Activation Sequence
2. Vg > Vec-0.75V (Typical). 1. Core
3. Chip isin the operating mode. 2. Input buffers
V() Trip Point: 3. Output buffers, after 200 ns delay from input
Ramping up: 0.6 V < trip_point_up < 1.2V buffer activation.

Ramping down: 0.5 V < trip_point_down < 1.1 V

Vee=Veg + VT
Where VT can be from 0.58 VV to 0.9 V (typically 0.75 V)
Vee

Vec=1575V —p

. Region 4: 1/0 Region 5: I/0 buffers are ON,
Region 1: /0 Buffers are OFF s am G and power supplies are within
1/0s are functional specification.
(except differential inputs)| /Os meet the entire datasheet
but slower because V(, is and timer specifications for
below specification. For the speed, V. IV, . Vo Vo, .« etc.

same reason, input buffers do not

meet VlHNIL levels, and output

buffers do not meet VorVoL levels.

Vee=1425V o

Region 2: I/0 buffers are ON. Region 3: /0 buffers are ON
1/0s are functional (except differential inputs), 1/Os are f'unctional' /0 DC :

but slower because V. /V . are below specifications are met,
specification. For the same reason, input but I/Os are slower because
buffers do not meet VvV, levels, and the Vee is below specification.

output buffers do not meet VoulVou levels.
Activation trip point:
V,=085V=£0.25V
Deactivation trip point:
Vyg=0.75V£0.25V

Region 1: I/0 buffers are OFF

Y

f }

Activation trip point: Min V., datasheet specification Vea
V,=09V=03V voltage at a selected I/O
Deactivation trip point: standard; i.e., 1.425V or 1.7V
Vy=08V=£03V or23Vor3.0V

Figure 3-1 e 1/O State as a Function of V¢ and V Voltage Levels
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Thermal Characteristics

Introduction

The temperature variable in Actel Designer software
refers to the junction temperature, not the ambient
temperature. This is an important distinction because
dynamic and static power consumption cause the chip
junction to be higher than the ambient temperature.

EQ 3-1 can be used to calculate junction temperature.
T, = Junction Temperature = AT + Ty
EQ 3-1

Where:
Ta = Ambient Temperature

AT = Temperature gradient between junction (silicon)
and ambient AT = 6;, * P

0j = Junction-to-ambient of the package. 0;; numbers
are located in Table 3-5.

P = Power dissipation

Package Thermal Characteristics

The device junction-to-case thermal resistivity is 0;c and
the junction-to-ambient air thermal resistivity is 6;5. The
thermal characteristics for 6;, are shown for two air flow
rates. The absolute maximum junction temperature is
110°C. EQ 3-2 shows a sample calculation of the absolute
maximum power dissipation allowed for an 896-pin
FBGA package at commercial temperature and still air.

Max. junction temp. (°C) — Max. ambient temp. (°C) _ 150°C —70°C _

Maximum Power Allowed = 6,,("CW) = TS eow 5.88 W
EQ 3-2
Table 3-5 o  Package Thermal Resistivities
Oja
Package Type Pin Count Ojc Still Air | 200 ft./min. | 500 ft./min. Units
Plastic Quad Flat Package (PQFP) 208 8.0 26.1 22.5 20.8 /W
Plastic Quad Flat Package (PQFP) with 208 3.8 16.2 13.3 11.9 cw
embedded heat spreader
Fine Pitch Ball Grid Array (FBGA) 256 3.8 26.6 22.8 21.5 c/W
484 3.2 20.5 17.0 15.9 /W
676 3.2 16.4 13.0 12.0 /W
896 2.4 13.6 10.4 9.4 /W
Temperature and Voltage Derating Factors
Table 3-6  Temperature and Voltage Derating Factors for Timing Delays
(Normalized to T, = 70°C, V¢ = 1.425 V)
Array Voltage Junction Temperature (°C)
Ve (V) -40°C 0°C 25°C 70°C 85°C 100°C
1.425 0.87 0.93 0.95 1.00 1.02 1.05
1.500 0.83 0.88 0.90 0.95 0.96 0.99
1.575 0.80 0.84 0.87 0.91 0.93 0.96
3-4 Advanced v0.5
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Calculating Power Dissipation

Quiescent Supply Current

Table 3-7 ¢  Quiescent Supply Current Characteristics

A3PEG00 A3PE1500 A3PE3000
Typical (25°C) 5mA 12 mA 25 mA
Maximum (Commercial) 30 mA 70 mA 150 mA
Maximum (Industrial) 45 mA 105 mA 225 mA

Notes:

1. Ipp Includes Ve, Vpypmp Vo, and VMV currents. Values do not include I/0 static contribution, which is shown in Table 3-8 and
Table 3-9 on page 3-6.

2. —F speed grade devices may experience higher standby Ipp of up to five times the standard Ipp and higher I/O leakage.

Power per I/0 Pin

Table 3-8 Summary of I/0 Input Buffer Power (Per Pin) — Default I/0 Software Settings

VMV Static Power Dynamic Power
(V) Pocz (mw)? Paco (LW/MHz)2

Single-Ended
3.3 V LVTT/LVCMOS 3.3 - 17.39
3.3 V LVTTULVCMOS - Schmitt trigger 33 - 25.51
2.5V LVCMOS 2.5 - 5.76
2.5V LVCMOS - Schmitt trigger 2.5 - 7.16
1.8 V LVCMOS 1.8 - 2.72
1.8 V LVCMOS - Schmitt trigger 1.8 - 2.80
1.5V LVCMOS (JESD8-11) 1.5 - 2.08
1.5V LVCMOS (JESD8-11) — Schmitt trigger 1.5 - 2.00
3.3VPCd 33 - 18.82
3.3V PCl — Schmitt trigger 3.3 - 20.12
3.3V PCI-X 33 - 18.82
3.3 V PCI-X — Schmitt trigger 3.3 - 20.12
Voltage-Referenced
3.3V GIL 33 2.90 8.23
25V GTL 2.5 2.13 478
33VGETL+ 3.3 2.81 4.14
25V GTL+ 2.5 2.57 3.71
HSTL (1) 1.5 0.17 2.03
HSTL (II) 1.5 0.17 2.03
SSTL2 (1) 2.5 1.38 4.48
SSTL2 (1) 25 1.38 4.48
SSTL3 (1) 3.3 3.21 9.26
SSTL3 (I 33 3.21 9.26
Differential
LVDS/BLVDS/M-LVDS 2.5 2.26 1.50
LVPECL 33 5.71 2.17
Notes:

1. Ppcy Is the static power (where applicable) measured on VMV.
2. Pacg Is the total dynamic power measured on V- and VMV.
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Table 3-9 «  Summary of I/0 Output Buffer Power (Per Pin) — Default I/0 Software Settings’

CLoAD Vca Static Power Dynamic Power
(pF) ) Ppcs (MW)? Pacio (WW/MHzZ)3

Single-Ended
3.3V LVTTULVCMOS 35 33 - 474.70
2.5V LVCMOS 35 2.5 - 270.73
1.8 V LVCMOS 35 1.8 - 151.78
1.5V LVCMOS (JESD8-11) 35 1.5 - 104.55
3.3V PCl 10 3.3 - 204.61
3.3V PCI-X 10 3.3 - 204.61
Voltage-Referenced
3.3V GTL 10 3.3 - 24.08
2.5V GTL 10 2.5 - 13.52
3.3V GTL+ 10 3.3 - 24.10
2.5V GTL+ 10 2.5 - 13.54
HSTL () 20 1.5 7.08 26.22
HSTL (1) 20 1.5 13.88 27.22
SSTL2 (1) 30 2.5 16.69 105.56
SSTL2 (1) 30 2.5 25.91 116.60
SSTL3 (1) 30 3.3 26.02 114.87
SSTL3 (1) 30 3.3 42.21 131.76
Differential
LVDS/BLVDS/M-LVDS - 2.5 7.70 89.62
LVPECL - 3.3 19.42 168.02

Notes:

1. Dynamic power consumption is given for standard load and software default drive strength and output slew.
2. Ppcs Is the static power (where applicable) measured on V.
3. Pacio is the total dynamic power measured on Vicc and V.

3-6
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Power Consumption of Various Internal Resources

Table 3-10 » Different Components Contributing to the Dynamic Power Consumption in ProASIC3E Devices

Device-Specific Dynamic Contributions
Parameter Definition (LW/MHz)
A3PE600 A3PE1500 A3PE3000
Paci Clock contribution of a Global Rib 12.77 16.21 19.7
Pac2 Clock contribution of a Global Spine 1.85 3.06 4.16
Pac3 Clock contribution of a VersaTile row 0.88
Paca Clock contribution of a VersaTile used as a sequential module 0.12
Pacs First contribution of a VersaTile used as a sequential module 0.07
Pacs Second contribution of a VersaTile used as a sequential module 0.29
Pac7 Contribution of a VersaTile used as a combinatorial module 0.29
Pacs Average contribution of a routing net 0.70
Paco Contribution of an I/O input pin (standard dependent) See Table 3-8 on page 3-5.
Pac1o Contribution of an I/0 output pin (standard dependent) See Table 3-9 on page 3-6
Pac11 Average contribution of a RAM block during a read operation 25.00
Pac12 Average contribution of a RAM block during a write operation 30.00
Paci3 First contribution of a PLL 4.00
Pac1a Second contribution of a PLL 2.00

Note: *For a different output load, drive strength, or slew rate, Actel recommends using the Actel
power calculator or SmartPower in Actel Libero IDE software.
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Power Calculation Methodology
The section below describes a simplified method to estimate power consumption of an application. For more accurate
and detailed power estimations, use the SmartPower tool in the Libero IDE software.
The power calculation methodology described below uses the following variables:
e The number of PLLs as well as the number and the frequency of each output clock generated
¢ The number of combinatorial and sequential cells used in the design
¢ The internal clock frequencies
e The number and the standard of I/O pins used in the design
e The number of RAM blocks used in the design
¢ Toggle rates of I/O pins as well as VersaTiles—guidelines are provided in Table 3-11 on page 3-10
¢ Enable rates of output buffers—guidelines are provided for typical applications in Table 3-12 on page 3-10

e Read rate and write rate to the memory—guidelines are provided for typical applications in Table 3-12 on
page 3-10. The calculation should be repeated for each clock domain defined in the design.

Methodology

Total Power Consumption—Pygo7aL

ProtaL = Pstar + Povn
PstaT is the total static power consumption.
Ppyn is the total dynamic power consumption.
Total Static Power Consumption—Pgar

Pstar = Poc1 + Ninputs * Poca + Nouteuts * Pocs
NinpuTs is the number of /O input buffers used in the design.
NoutpuTs is the number of I/O output buffers used in the design.
Total Dynamic Power Consumption—Ppyy

Povn = Pcrock + Ps-cer + Pe-cew + Pner + Pinputs + Poutputs + Pmemory + Peue + Paca
Global Clock Contribution—P¢| ock
Pcrock = (Pact + Nspine * Paca + Nrow * Pacs + Ns.cel * Paca) * Feik
Nspine is the number of global spines used in the user design—guidelines are provided in Table 3-11 on page 3-10.
Nrow is the number of VersaTile rows used in the design—guidelines are provided in Table 3-11 on page 3-10.
FcLk is the global clock signal frequency.
Ns_ceL is the number of VersaTiles used as sequential modules in the design.
Pact1: Pacas Pacs: and Pacy are device dependent.
Sequential Cells Contribution—Pg_cg |
Pscerl = Ns.cerl * (Pacs+ 01/2* Pace) * Feik

Ns_cgLL is the number of VersaTiles used as sequential modules in the design. When a multi-tile sequential cell
is used, it should be accounted for as 1.

al; is the toggle rate of VersaTile outputs—guidelines are provided in Table 3-11 on page 3-10.
FcLk is the global clock signal frequency.
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Combinational Cells Contribution—P¢_cg
Pe-ceir = Neece ™ 0472 * Pacy * Fex
Nc_ceLL is the number of VersaTiles used as combinatorial modules in the design.
ol; is the toggle rate of VersaTile outputs—guidelines are provided in Table 3-11 on page 3-10.
FcLk is the global clock signal frequency.
Routing Net Contribution—Pygt
PneT = (Ns.cerL + Necerd) ™ 04/2 * Pacs * Feix
Ns_ceL is the number VersaTiles used as sequential modules in the design.
Nc.cerL is the number of VersaTiles used as combinatorial modules in the design.
ol; is the toggle rate of VersaTile outputs—guidelines are provided in Table 3-11 on page 3-10.
FcLk is the global clock signal frequency.
1/0 Input Buffer Contribution—PypyTs
Pinputs = Ninputs ™ 0272 * Paco ™ Feik
NinpuTs is the number of I/O input buffers used in the design.
O, is the I/O buffer toggle rate—guidelines are provided in Table 3-11 on page 3-10.
FcLk is the global clock signal frequency.
1/0 Output Buffer Contribution—Pgytputs
Pouteuts = Noutpurs * 02/2 * By * Pacio * Feik
NoutpuTs is the number of I/0 output buffers used in the design.
O, is the I/0 buffer toggle rate—guidelines are provided in Table 3-11 on page 3-10.
1 is the /0 buffer enable rate—guidelines are provided in Table 3-12 on page 3-10.
FcLk is the global clock signal frequency.
RAM Contribution—Ppepory
Pmemory = Pact1 * Natocks * Freap-crock * B2 + Paci2 * Netock * Fwrite-cLock * P3
NgLocks is the number RAM blocks used in the design.
FreaD-cLock is the memory read clock frequency.
B, is the RAM enable rate for read operations—guidelines are provided in Table 3-12 on page 3-10.
FwrITE-cLOCK is the memory write clock frequency.
3 the RAM enable rate for write operations—guidelines are provided in Table 3-12 on page 3-10.
PLL/CCC contribution—Pp, |
PeiL =Pac13 * Feukin + Z Pacia * Fewkour
FcLkin is the input clock frequency.
FcikouT is the output clock frequency.

1. The PLL dynamic contribution depends on the input clock frequency, the number of output clock signals generated by the
PLL, and the frequency of each output clock. If a PLL is used to generate more than one output clock, include each output
clock in the formula output clock by adding its corresponding contribution (Pac14 * Fcoixout product) to the total PLL
contribution.
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Guidelines

Toggle Rate Definition

A toggle rate defines the frequency of a net or logic
element relative to a clock. It is a percentage. If the
toggle rate of a net is 100%, this means that this net
switches at half the clock frequency. Below are some
examples:

e The average toggle rate of a shift-register is 100%
as all flip-flop outputs toggle at half of the clock

frequency.
e The average toggle rate of an 8-bit counter is
25%:
— Bit 0 (LSB) = 100%
- Bit1 =50%

- Bit2 =25%

- Bit7 (MSB) =0.78125%

— The average toggle rate is = (100% + 50% +
25% +12.5% +...0.78125%) / 8.

Enable Rate Definition

Output enable rate is the average percentage of time
during which tristate outputs are enabled. When
nontristate output buffers are used, the enable rate
should be 100%.

Table 3-11 » Toggle Rate Guidelines Recommended for Power Calculation

Component Definition Guideline
o Toggle rate of VersaTile outputs 10%
o, I/O buffer toggle rate 10%

Table 3-12 ¢ Enable Rate Guidelines Recommended for Power Calculation

Component Definition Guideline
B, I/0 output buffer enable rate 100%
B, RAM enable rate for read operations 12.5%
B3 RAM enable rate for write operations 12.5%
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Timing Model

1/0 Module
(Non-Reqistered)

Combinational Cell

Combinational Cell I
= S

LVPECL
tpp = 0.54 ns tpp = 0.47 ns X
tpp = 1.36 ns
I/0 Module J
Combinational Cell (Non-Registered)
A\
ji\_> x {>——|X wrvemos
~ utput drive strength = 12 mA
tpp = 0.85 ns top = 274105 High slew rate

Combinational Cell ( /0 Module

Non-Registered)
ﬁ\ Y
VO Module {>——|X LVTTL/LVCMOS
(Registered) Output drive strength = 24 mA
tpy=1.22 ns tpp 239N High slew rate
tpp = 0.49 ns
X
LVPECL D Q /0 Module
Combinational cell (Npn-Registered)
\ Y
> ] {>——|X LVCMOS 1.5 V
tickq=0.63 ns _/ ~330 Output drive strength = 12 mA
tisup= 0.43 ns tpp = 0.46 ns top =330 High slew
Input LVTTL/LVCMOS
Clock 1/0 Module
[: Register Cell -, mpinational Cell Register Cell (Registered)
tpy=0.90 ns - v
—HP - | D Q b o>
1/0 Module ton = 0.46 1GTL+3.3V
(Non-Registered) > PD ns > > tpp = 1.53 ns
LVDS, teikq =0.54 ns teikg = 0.58 ns t =0.63 ns
BLVDS, = j tsyp = 040 ns tsyp = 0.40ins osup = 0.43 s
M-LvDs B Input LVTTL/LVCMOS Input LVTTL/LVCMOS
tpy=1.36 ns Clock Clock
tpy =0.90 ns

tpy =0.90 ns

Figure 3-2 ¢ Timing Model

Operating Conditions: -2 Speed, Commercial Temperature Range (T, = 70°C), Worst-Case V¢ = 1.425 V
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< tpy :I: tDIN :I
—1D
PAD v Q DIN
>
PCLK To Array

I/0 Interface
tPY = MAX(tpY (R), tpy(F))

tpin= MAX(tpN(R), tpin (F))

Vi
A V.. \
PAD trip trip \ VIL
Vee
50%¥ N50%
Y /
GND < tpy > < tpy >
(R) (F)
< tPY§ > < tPY§ >
(R) (F)
Vee
50% 50%
DIN
GND | Hhour thout
(R) (F)

Figure 3-3 o Input Buffer Timing Model and Delays (example)
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<—tDOUT > ‘ <7 tDP > ‘
D Q PAD
DOUT
D >CLK 1 std
ILoad
From Array =

top = MAX(tpp(R), tpp(F))

I/O Interface toour= MAX(tpout(R), toout(F)

tDOUT tDOUT
ﬁ\ ®
50% \
oV
/L_\
B 0, 0,
5OUT 7150% 50% \ oy
Von
Vtrip Vtrip
PAD Vou
t t
(R) (F)

Figure 3-4 o Output Buffer Model and Delays (example)
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- teouT |
D Q \ ‘
E >CLK r? 20 20 thz Yz Tz Tzks
]
EOUT -
b Q pouT jat ,,
D >CLK 4 1

teout = MAX(teout (R), teour (F)) =
I/0 Interface

Ve
>\ / \
Vcc
E 0% 50%
~teouT (F)
- teouT (R)
/50% \ 50%

EOUT 7 \

PAD /T 90% Vg
Vtrip vV,
oL

Vec

>\ / \
Vec
50% 50%
E T teour ® O\IH teouT (F) /
Vcc |

EOUT /50% 4\50% /50%
_/ ] tZHS
> ts |+ VoH | —

PAD
AFVt- / \ V., .
rp VOL trip

Figure 3-5 e Tristate Output Buffer Timing Model and Delays (example)
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Overview of I/0 Performance

Summary of I/0 DC Input and Output Levels — Default I/0 Software Settings

Table 3-13 ¢ Summary of Maximum and Minimum DC Input and Output Levels Applicable to Commercial and Industrial

Conditions

Drive Slew Vi Viu VoL Vou loo | lon
1/0 Standard Strength Rate | Min,V | Max, V Min, V Max, V | Max, V Min, V mA mA
3.3V LVTTL/ 12 mA High -0.3 0.8 2 3.6 0.4 2.4 12 12
3.3V LVCMOS
2.5V LVCMOS 12 mA High -0.3 0.7 1.7 3.6 0.7 1.7 12 12
1.8V LVCMOS 12 mA High | -0.3 [0.35*Vcc | 0.65*Vee | 36 045 | Ve —-045 | 12 12
1.5V LVCMOS 12 mA High | 0.3 [ 030Vcq | 0.7 * Vg 36 [0.25* V| 0.75* Ve | 12 12
3.3V PCl Per PCI Specification
3.3V PCI-X Per PCI-X Specification
3.3V GTL 25 mA?2 High -0.3 [Vpgr—0.05( Vper+0.05 | 3.6 0.4 - 25 25
2.5V GTL 25 mA? High 0.3 | Vpgr—0.05| Vgege+0.05 | 3.6 0.4 - 25 25
3.3V GTL+ 35 mA High | -0.3 | Vegr—0.1 | Vggr+0.1 3.6 0.6 - 51 51
2.5V GTL+ 33 mA High 0.3 | Vrge—0.1 | Vggr+ 0.1 36 0.6 - 40 | 40
HSTL (1) 8 mA High | =03 | Vggr—0.1 | Vggr+ 0.1 36 0.4 Vee-04 | 8 8
HSTL (1) 15 mA? High | -0.3 | Vegr—0.1 | Vggr+0.1 36 0.4 Ve -04 | 15 15
SSTL2 (1) 15 mA High 03 | Vgge—0.2 | Vpgr+0.2 36 054 | Vc-062 | 15 15
SSTL2 (1) 18 mA High | -03 | Vgee—02 | Vger+0.2 3.6 035 | Vcq-043 | 18 18
SSTL3 (1) 14 mA High | -0.3 | VRgr—0.2 | Vpge+0.2 36 0.7 Ve - 1.1 14 14
SSTL3 (Il) 21 mA High | -03 | Veer-0.2 | Vper+0.2 36 0.5 Ve -09 | 21 21
Notes:

1. Currents are measured at 85°C junction temperature.
2. Output drive strength is below JEDEC specification.
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Table 3-14 ¢ Summary of Maximum and Minimum DC Input Levels Applicable to Commercial and Industrial Conditions

Commercial’ Industrial?

e hin I hin
DC 1/0 Standards HA HA HA HA
3.3 VLVITL/3.3 V LVCMOS 10 10 15 15
2.5V LVCMOS 10 10 15 15
1.8 V LVCMOS 10 10 15 15
1.5V LVCMOS 10 10 15 15
3.3V PCI 10 10 15 15
3.3V PCI-X 10 10 15 15
3.3V GTL 10 10 15 15
2.5V GTL 10 10 15 15
3.3V GTL+ 10 10 15 15
2.5V GTL+ 10 10 15 15
HSTL (1) 10 10 15 15
HSTL (II) 10 10 15 15
SSTL2 (1) 10 10 15 15
SSTL2 (1) 10 10 15 15
SSTL3 (1) 10 10 15 15
SSTL3 (Il 10 10 15 15

Notes:
1. Commercial range (0°C < T, < 70°C)
2. Industrial range (-40°C < T; < 85°C)
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Summary of I/0 Timing Characteristics — Default I/0 Software Settings

Table 3-15 ¢ Summary of AC Measuring Points
Input Reference Voltage Board Termination

Standard (VRer TvP) Voltage (Vi1 Rep) Measuring Trip Point (Vyp)

3.3 VLVTTL/3.3 V LVCMOS - - 1.4V

2.5V LVCMOS - - 1.2V

1.8 V LVCMOS - - 0.90V

1.5V LVCMOS - - 0.75V

3.3VPCl - - 0.285 * Vc¢ (RR)
0.615 * V¢, (FF)

3.3V PCI-X - - 0.285 * V¢ (RR)
0.615 * V¢ (FF)

3.3V GTL 0.8V 1.2V VRer

2.5V GTL 0.8V 1.2V VREr

3.3V GTL+ 1.0V 15V Vier

2.5V GTL+ 10V 15V Vier

HSTL (1) 0.75V 0.75V Vier

HSTL (1) 0.75V 0.75V Vier

SSTL2 (1) 1.25V 1.25V VRer

SSTL2 (1) 1.25V 1.25V VRer

SSTL3 () 15V 1.485V Vier

SSTL3 (Il 15V 1.485V Vier

LVDS - - Cross point

LVPECL - - Cross point

Table 3-16 o 1/0 AC Parameter Definitions

Parameter Definition

tpp Data to Pad delay through the Output Buffer

tpy Pad to Data delay through the Input Buffer with Schmitt Trigger disabled

thout Data to Output Buffer delay through the I/O interface

teouT Enable to Output Buffer Tristate Control delay through the I/O interface

tDIN Input Buffer to Data delay through the I/O interface

tpys Pad to Data delay through the Input Buffer with Schmitt Trigger enabled

thz Enable to Pad delay through the Output Buffer—high to Z

t7H Enable to Pad delay through the Output Buffer—Z to high

iz Enable to Pad delay through the Output Buffer—low to Z

tz Enable to Pad delay through the Output Buffer—Z to low

tzHs Enable to Pad delay through the Output Buffer with delayed enable—Z to high

tz1s Enable to Pad delay through the Output Buffer with delayed enable—Z to low
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Table 3-17 ¢ Summary of I/0 Timing Characteristics — Software Default Settings
-2 Speed Grade, Commercial-Case Conditions: T, = 70°C, Worst-Case V¢ = 1.425 V, Worst-Case V¢ = 3.0V
B
_— —_— g
< m A
3 = |3
£ g |z
()} | 3
5 [} o [
= - = —
R 5 £ |3
v = | 8 |55 0| 3 o | £
= Q. 2 (7)) —
vosendard | 5 | 2 | § || 2|5\ E|5|E|E 85|22 F| 8|5
3.3 VLVITL/ 12 mA High 35 0.49]2.7410.03({0.90(1.17(0.32(2.79]2.14|2.45]|2.70|4.46|3.81| ns
3.3V LVCMOS
2.5V LVCMOS 12 mA High 35 - 1(0.4912.80({0.03[1.13]1.24(0.3212.85(2.61|2.51(2.61|4.5214.28| ns
1.8 V LVCMOS 12 mA High 35 - 10.49]2.83|0.03(1.08(1.42(0.32(2.89]2.31]2.79]3.16]|4.563.98| ns
1.5V LVCMOS 12 mA High 35 - 10.49]3.30(0.03(1.27(1.60[0.32(3.36|2.70|2.96|3.27|5.03|4.37| ns
3.3V PCl Per PCl spec| High 10 |252/0.49(2.09]0.03|0.78|1.25[0.32(2.13|1.49|2.45|2.70|3.80(3.16| ns
3.3V PCI-X Per PCI-X High 10 |252|0.49(2.09(0.03|0.78[1.25(0.32(2.13[1.49|2.45|2.70(3.80|3.16| ns
spec
3.3V GTL 25 mA High 10 2510.45(1.5510.0312.19( - |0.32[1.52|1.55| - - [3.1913.22| ns
2.5V GTL 25 mA High 10 25 (0.45(1.59]0.03|1.83| - |0.32|1.61|1.59| - - 13.28]3.26| ns
3.3V GTL+ 35 mA High 10 25 (0.45(1.53]0.03|1.19] - |0.32|1.56|1.53| - - 13.23]3.20| ns
2.5V GTL+ 33 mA High 10 25 (0.45(1.65|0.03|1.13| - |0.32|1.68|1.57| - - 1335|324 ns
HSTL (1) 8 mA High 20 50 [0.49(2.3710.03|1.59| - 10.3212.42]|235| - - 14.0914.02| ns
HSTL (1) 15 mA High 20 251049(2.2610.03|1.59( - 10.32(2.30|2.03| - - |[3.9713.70 ns
SSTL2 (1) 15 mA High 30 50 10.49(1.59]10.03(1.00] - [0.32|1.62]1.38( - - [3.2913.05| ns
SSTL2 (1) 18 mA High 30 25(0.49(1.62]0.03|1.00] - |0.32|1.65|1.32| - - 13.32]12.99| ns
SSTL3 () 14 mA High 30 50 [0.49(1.72(0.03(0.93| - [0.32|1.75|1.37| - - 13.42|3.04| ns
SSTL3 (1) 21 mA High 30 25 10.49(1.54]0.03|0.93| - |0.32|1.57|1.25| - - 13.241292| ns
LVDS/BLVDS/ 24 mA High - - 104911.5710.03|1.36| - - - - - - - - ns
M-LVDS
LVPECL 24 mA High - - 10.49]11.60(0.03(1.22| - - - - - - - - ns
Notes:

1. For specific junction temperature and voltage-supply levels, refer to Table 3-6 on page 3-4 for derating values.

2. Resistance is used to measure I/O propagation delays as defined in PCl specifications. See Figure 3-10 on page 3-35 for connectivity.
This resistor is not required during normal operation.
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Detailed I/0 DC Characteristics

Table 3-18 * Input Capacitance

ProASIC3E Flash Family FPGAs

Symbol Definition Conditions Min. Max. Units
CiN Input capacitance Viy=0,f=1.0MHz 8 pF
CiNCLK Input capacitance on the clock pin ViN=0, f=1.0 MHz 8 pF
Table 3-19 » 1/0O Output Buffer Maximum Resistances’
RpuLL-DOWN RpuLL-up

Standard Drive Strength (Q)? )3
3.3V LVTTL/ 3.3V LVCMOS 4 mA 100 300

8 mA 50 150

12 mA 25 75

16 mA 17 50

24 mA " 33
2.5V LVCMOS 4 mA 100 200

8 mA 50 100

12 mA 25 50

16 mA 20 40

24 mA 1M 22
1.8 V LVCMOS 2 mA 200 225

4 mA 100 112

6 mA 50 56

8 mA 50 56

12 mA 20 22

16 mA 20 22
1.5V LVCMOS 2 mA 200 224

4 mA 100 112

6 mA 67 75

8 mA 33 37

12 mA 33 37
3.3V PCI/PCI-X Per PCI/PCI-X specification 25 75
3.3V GTL 25 mA 11 -
2.5V GTL 25 mA 14 -
3.3V GTL+ 35 mA 12 -
2.5V GTL+ 33 mA 15 -
HSTL (1) 8 mA 50 50
Notes:

1. These maximum values are provided for informational reasons only. Minimum output buffer resistance values depend on V¢, drive
strength selection, temperature, and process. For board design considerations and detailed output buffer resistances, use the

corresponding IBIS models located on the Actel website at http.//www.actel.com/techdocs/models/ibis.html.

N

Rutt-pown-max) = Vorsped / lorspec

3. Reeurt-up-max) = (Vecimax = Vorsped ! loHspec
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Table 3-19 « 1/0 Output Buffer Maximum Resistances' (Continued)

RpuLL-DowN RpuLL-up
Standard Drive Strength (Q)? )3
HSTL (II) 15 mA 25 25
SSTL2 (1) 15 mA 27 31
SSTL2 (1) 18 mA 13 15
SSTL3 (I) 14 mA 44 69
SSTL3 (1) 21 mA 18 32

Notes:

1. These maximum values are provided for informational reasons only. Minimum output buffer resistance values depend on V¢, drive
strength selection, temperature, and process. For board design considerations and detailed output buffer resistances, use the
corresponding IBIS models located on the Actel website at http://www.actel.com/techdocs/models/ibis.html.

2. Repurt-pown-max) = Vorsped / lorspec
3. Repurt-up-max) = (Vecimax = Vorsped / loHspec

Table 3-20  1/0 Weak Pull-Up/Pull-Down Resistances
Minimum and Maximum Weak Pull-Up/Pull-Down Resistance Values

R(weAK puLL-UP)" R(WEAK PULL-DOWN)>
(Q) (@)
VCCl Min. Max. Min. Max.
3.3V 10 k 45 k 10 k 45 k
25V 11k 55k 12k 74 k
1.8V 18 k 70 k 17 k 110 k
1.5V 19k 90 k 19k 140 k

Notes:

1. Ruweak purt-pown-max) = Vorsped ! lweak puLL-DOWN-mIN
2. Rweak puLt-up-max) = (Vccimax — Vorsped / Tweak puLL-up-min
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Table 3-21 o 1/0 Short Currents lgsy/los,

ProASIC3E Flash Family FPGAs

Drive Strength losy (MA)* losL (MA)*
3.3V LVITL/ 3.3V LVCMOS 4 mA 25 27
8 mA 51 54
12 mA 103 109
16 mA 132 127
24 mA 268 181
2.5V LVCMOS 4 mA 16 18
8 mA 32 37
12 mA 65 74
16 mA 83 87
24 mA 169 124
1.8 V LVCMOS 2 mA 9 "
4 mA 17 22
6 MA 35 44
8 mA 45 51
12 mA 91 74
16 mA 91 74
1.5V LVCMOS 2 mA 13 16
4 mA 25 33
6 MA 32 39
8 mA 66 55
12 mA 66 55

Note: *T,=100°C
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The length of time an I/O can withstand Igsp/lgs. events
depends on the junction temperature. The reliability
data below is based on a 3.3 V, 36 mA /O setting, which
is the worst case for this type of analysis.

For example, at 110°C, the short current condition would
have to be sustained for more than three months to
cause a reliability concern. The I/O design does not
contain any short circuit protection, but such protection
would only be needed in extremely prolonged stress
conditions.

Table 3-23 e Schmitt Trigger Input Hysteresis

Table 3-22 ¢ Short Current Event Duration Before Failure

Temperature Time Before Failure
-40°C > 20 years

0°C > 20 years

25°C > 20 years

70°C 5 years

85°C 2 years

100°C 6 months

110°C 3 months

Hysteresis Voltage Value (Typ) for Schmitt Mode Input Buffers

Input Buffer Configuration Hysteresis Value (Typ)
3.3 V LVTITLVCMOS / PCI / PCI-X (Schmitt trigger mode) 240 mV
2.5V LVCMOS (Schmitt trigger mode) 140 mV
1.8 V LVCMOS (Schmitt trigger mode) 80 mV
1.5V LVCMOS (Schmitt trigger mode) 60 mV
Table 3-24 » 1/0 Input Rise Time, Fall Time, and Related I/0 Reliability’
Input Buffer Input Rise/Fall Time (Min.) Input Rise/Fall Time (Max.) Reliability
LVTT/LVCMOS (Schmitt trigger disabled) No requirement 20 years (110°C)
LVTTU/LVCMOS (Schmitt trigger enabled) No requirement No requirement, but input noise voltage| 20 years (110°C)
cannot exceed schmitt hysteresis
HSTL/SSTL/GTL No requirement 10 years (100°C)
LVDS/BLVDS/M-LVDS/LVPECL No requirement 10 years (100°C)

Note: The maximum input rise/fall time is related to the noise induced into the input buffer trace. If the noise is low, then the rise time and
fall time of input buffers, when Schmitt trigger is disabled, can be increased beyond the maximum value. The longer the rise/fall
times, the more susceptible the input signal is to the board noise. Actel recommends signal integrity evaluation/characterization of
the system to ensure that there is no excessive noise coupling into input signals.
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Single-Ended 1/0 Characteristics

3.3 VLVTTL/ 3.3V LVCMOS

Low-Voltage Transistor-Transistor Logic is a general purpose standard (EIA/JESD) for 3.3 V applications. It uses an LVTTL
input buffer and push-pull output buffer. 3.3 V LVCMOS standard is supported as part of the 3.3 V LVTTL support.

Table 3-25 ¢ Minimum and Maximum DC Input and Output Levels

3.3 VLVTTL/

3.3 VLVCMOsS Vi Vin Voo | Vou | loL | lon losL losh e lin
Drive

Strength Min, V |Max, V|Min, V|Max, V|Max, V|Min, V| mA | mA [Max, mA'|Max, mA'| A2 | A2
4 mA -0.3 0.8 2 3.6 0.4 2.4 4 4 27 25 10 10
8 mA -0.3 0.8 2 3.6 0.4 2.4 8 8 54 51 10 10
12 mA -0.3 0.8 2 3.6 0.4 2.4 12 12 109 103 10 10
16 mA -0.3 0.8 2 3.6 0.4 2.4 16 16 127 132 10 10
24 mA -0.3 0.8 2 3.6 0.4 2.4 24 24 181 268 10 10
Notes:

1. Currents are measured at high temperature (100°C junction temperature) and maximum voltage.
2. Currents are measured at 85°C junction temperature.
3. Software default selection highlighted in gray.

R=1k R to VCC| for tLZ/tZL/t ZLS

Test Point R to GND for tHZ/tZH/tZHS

Test Point
Enable Path T 35 pF for tzy fzps M ft1s

Datapath T 35 pF
5 pF for tyz /t1z

Figure 3-6 » AC Loading

Table 3-26 »« AC Waveforms, Measuring Points, and Capacitive Loads

Input Low (V) Input High (V) Measuring Point* (V) Vger (Typ) (V) Croap (PF)
0 33 1.4 - 35

Note: *Measuring point = V. See Table 3-15 on page 3-17 for a complete table of trip points.
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Timing Characteristics

Table 3-27 e 3.3 VLVTTL/ 3.3 VLVCMOS Low Slew

Commercial-Case Conditions: T, = 70°C, Worst Case V¢ = 1.425 V, Worst Case V¢ =3.0 V
Drive Strength Speed
(mA) Grade | tpour | tor | toin | tey | teys |teour | tzL | tzu | tiz | thz | taus | tzus | Units
4mA —F 0.79 |13.22|0.05| 1.44 | 1.88 | 0.51 [13.47|10.87| 3.23 | 2.93 [16.16|13.56| ns
Std. 0.66 |11.01] 0.04 | 1.20 | 1.57 | 0.43 [11.21] 9.05 | 2.69 | 2.44 [13.45[11.29| ns
-1 0.56 | 936 (004 (102]133] 036 |954 (770|229 | 2.08 |11.44( 9.60 ns
-2 0.49 | 822003090 117 | 032 837|676 | 2.01 | 1.82 [10.04| 8.43 ns
8mA —F 0.79 1945 (005 144|188 | 0.51 | 9.62 | 7.74 | 3.65 | 3.68 [12.31[10.42 ns
Std. 0.66 | 7.86 | 0.04 | 1.20 | 1.57 | 0.43 [ 8.01 | 6.44 | 3.04 | 3.06 [10.24| 8.68 ns
-1 0.56 | 6.69 [ 0.04 (102]|133] 036 | 6.81 548 | 258 | 2.61 | 871|738 ns
-2 0.49 | 587003090 (117 | 032 (598|481 | 227|229 |765]6.48 ns
12 mA —F 0.79 | 7.24 { 0.05 [ 1.44 | 1.88 | 0.51 | 7.37 [ 6.03 | 3.93 | 4.17 | 10.06 | 8.72 ns
Std. 0.66 | 6.03 | 004|120 (157 | 043 [6.14 | 502 | 3.28 | 347 [ 837 | 7.26 ns
-1 0.56 | 513 [ 0.04 [ 1.02 | 133 ] 036 | 522 | 427 | 2.79 | 295 | 7.12 | 6.17 ns
-2 0.49 | 450003090 117 | 032 (458 |3.75| 245|259 | 6.25 | 5.42 ns
16 mA —F 0.79 | 675005 (1441188 | 0.51 | 6.87 [ 5.68 | 3.99 | 430 | 9.56 | 8.36 ns
Std. 0.66 | 562|004 |1.20 (157 | 043 572|472 |332 358|796 | 696 ns
-1 056 | 478 [ 0.04 102 )| 133] 036 | 487 |4.02|283|3.04]|6.77 592 ns
-2 0.49 | 420003090 (117 | 032 | 427 | 353|248 | 267|594 ]| 520 ns
24 mA —F 0.79 | 630 [ 0.05 144|188 | 0.51 | 6.42 564 | 407|476 | 9.10 | 8.32 ns
Std. 0.66 | 524|004 | 120|157 | 043 [ 534|469 |339 |39 |7.58|6.93 ns
-1 056 | 446 | 0.04 (102|133 ] 036 | 454|399 | 288|337 | 644|589 ns
-2 0.49 | 392003090 117 | 032 (399|350 | 25329 |566| 517 ns

Note: For specific junction temperature and voltage-supply levels, refer to Table 3-6 on page 3-4 for derating values.
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Table 3-28 o 3.3 VLVTTL/ 3.3 VLVCMOS High Slew
Commercial-Case Conditions: T; = 70°C, Worst Case V¢c = 1.425 V, Worst Case Vg =3.0 V

Drive Strength Speed
(mA) Grade |tpour| tor | toin | tey | tpys |teour | tz | tzu | tz | thz | tzis | tzws | Units
4 mA -F 0.79 [ 947|005 | 1.44 ( 1.88 | 0.51 9.64 | 8.05 | 3.23 | 3.11 |12.33(10.74 ns
Std. 066 [ 788 | 0.04 | 120157 ] 043 | 803 | 6.70 [ 269 | 2.59 [10.26| 894 ns
-1 056 [ 6.71 1004|102 (133] 036 | 683|570 (229|220 | 873 | 7.60 ns
-2 049 [ 589|003 |09 [1.17] 032 [ 6.00|5.01]201 193] 767 |6.67 ns
8 mA —F 0.79 [ 6.10 | 0.05 | 144 | 1.88 | 0.51 | 6.21 | 498 | 3.66 | 3.86 | 890 | 7.66 ns
Std. 0.66 | 508|004 |1.20 | 157 ] 043 | 517 | 4.14 | 3.05 | 3.21 | 7.41 | 6.38 ns
-1 056 [ 4321004102133 ] 036 [440|352|259|273]6.30]|543 ns
-2 049 [ 37910031090 (117 ] 0.32 | 3.86 | 3.09 | 2.28 | 240 | 5.53 | 4.76 ns
12 mA —F 0.79 | 441 [ 0.05 ( 144 | 1.88 | 0.51 | 449 [ 345|393 | 434 | 7.17 | 6.13 ns
Std. 0.66 | 3.67 | 0.04 | 1.20 | 1.57 | 043 | 3.74 | 2.87 | 3.28 | 3.61 | 597 [ 5.11 ns
-1 0.56 [ 3.12 1 0.04 | 102 | 1.33 | 0.36 | 3.18 | 244 | 2.79 | 3.07 | 5.08 | 4.34 ns
-2 049 | 2741 0.03 | 090 | 1.17 | 032 | 279 | 2.14 | 245 | 2.70 | 4.46 | 3.81 ns
16 mA -F 079 | 416 | 005 | 144 [ 1.88 | 0.51 | 424 | 3.13 (400 | 447 | 692 | 582 ns
Std. 0.66 | 346 | 004|120 (157 ] 043 | 353|261 (333|372 |576| 484 ns
-1 056 [ 295]004 | 102 (133] 036 | 300|222 (283|317 |490 (412 ns
-2 049 [ 259|003 |09 117 ] 032 [ 263 195]|249 278 ]| 4.30 | 3.62 ns
24 mA —F 0.79 [ 3851 005|144 188 | 051 [ 392|259 ]| 407|496 | 6.61 |5.28 ns
Std. 0.66 | 3211004 |1.20 157 ]| 043 | 327|216 | 3.39 | 4.13 | 550 | 4.39 ns
-1 056 [ 2731004 |102|133] 036 278183288 | 351|468 |3.74 ns
-2 049 (2390031090 (117 ] 032 | 244 |1 161|253 | 3.08 | 4.11 | 3.28 ns
Notes:

1. Software default selection highlighted in gray.
2. For specific junction temperature and voltage-supply levels, refer to Table 3-6 on page 3-4 for derating values.
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2.5V LVCMOS

Low-Voltage CMOS for 2.5 V is an extension of the LVCMOS standard (JESD8-5) used for general purpose 2.5 V
applications. It uses a 5-V-tolerant input buffer and push-pull output buffer.

Table 3-29 e Minimum and Maximum DC Input and Output Levels

25V

LVCMOS Vi Viu Voo | Vou | loo lon losL los o hn
Drive

Strength Min, V |Max, V|Min, V|Max, V|Max, V|Min, V| mA | mA [Max, mA'|Max, mA'| puAZ | A2
4 mA -0.3 0.7 1.7 3.6 0.7 1.7 4 4 18 16 10 10
8 mA -0.3 0.7 1.7 3.6 0.7 1.7 8 8 37 32 10 10
12 mA -0.3 0.7 1.7 3.6 0.7 1.7 12 12 74 65 10 10
16 mA -0.3 0.7 1.7 3.6 0.7 1.7 16 16 87 83 10 10
24 mA -0.3 0.7 1.7 3.6 0.7 1.7 24 24 124 169 10 10
Notes:

1. Currents are measured at high temperature (100°C junction temperature) and maximum voltage.
2. Currents are measured at 85°C junction temperature.
3. Software default selection highlighted in gray.

R=1k R to Vcc| for tLZ/tZL/t ZLS

Test Point R to GND for tyz/tzn/tzus

Test Point

Datapath T 35 pF Enable Path 35 pF for tz /tzus Mz /i
5 pF for tyz /t1z

Figure 3-7 » AC Loading

Table 3-30  AC Waveforms, Measuring Points, and Capacitive Loads

Input Low (V) Input High (V) Measuring Point* (V) Vger (Typ) (V) Croap (PF)
0 2.5 1.2 - 35
Note: *Measuring point = V. See Table 3-15 on page 3-17 for a complete table of trip points.
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Timing Characteristics
Table 3-31 o 2.5V LVCMOS Low Slew
Commercial-Case Conditions: T, = 70°C, Worst Case V¢ = 1.425 V, Worst Case V¢ = 2.3V

Drive Strength | Speed
(mA) Grade |(tpour| tor | toin | tpy | teys [teour| tzL | tzn | tiz | thz | tzis | tzus |Units
4 mA -F 0.79 | 14.42 | 0.05 82 199 | 051 |14.69(1395| 3.26 | 2.64 |17.37]16.63 ns

1
Std. 0.66 [12.00] 0.04 | 1.51 | 1.66 | 0.43 [12.23|11.61| 2.72 | 2.20 | 14.46|13.85| ns
-1 0.56 [10.21] 0.04 [ 1.29 | 1.41 | 0.36 | 10.40| 9.88 | 2.31 | 1.87 [12.30|11.78| ns
-2 049 | 896 | 0.03 [ 1.13 | 1.24 [ 0.32 | 9.13 | 867 | 2.03 | 1.64 [10.80]10.34| ns
8 mA —F 0.79 [10.49] 0.05 | 1.82 | 1.99 | 0.51 [10.68| 9.62 | 3.73 | 3.52 [13.37 1231 ns
Std. 066 [ 873 | 0.04 | 1.51 [ 1.66 | 0.43 [ 889 | 801 | 3.10 | 293 | 11.13(10.25]| ns
-1 056 | 743 |1 004 [ 129 | 1.41 | 0.36 | 7.57 | 6.82 | 2.64 | 2.49 | 9.47 | 872 ns
-2 049 | 652|003 113 ] 124|032 ]| 664|598 (232|219 (831 | 7.65 ns
12 mA —F 0.79 | 814 | 0.05 | 1.82 | 1.99 | 0.51 [ 829 | 7.34 | 4.04 | 4.08 | 10.97(10.02]| ns
Std. 066 [ 6.77 | 0.04 | 1.51 | 166 | 043 [ 6.90 | 6.11 | 3.37 | 3.39 | 9.14 | 8.34 ns

1

1

1

1

1

1

1

1

1

1.

-1 0.56 | 5.76 | 0.04 291141 (036 587|520 ) 286|289 (777 | 7.10 ns
-2 0.49 | 5.06 | 0.03 131124 032|515 | 456 | 251 | 253|682 | 6.23 ns
16 mA -F 0.79 [ 7.58 | 0.05 82 [ 199 |1 051|772 ] 688 (411 (423 |1040]| 9.57 ns
Std. 0.66 | 6.31 | 0.04 51 166|043 | 642 | 573|342 | 352|866 |79 | ns
-1 0.56 | 5.37 | 0.04 291141 (036|546 | 487|291 | 3.00 ( 737 | 6.77 ns
-2 0.49 | 471 | 0.03 131124 (032|480 | 428 (256 | 263|647 595 ns
24 mA -F 0.79 | 7.13 | 0.05 821199 [ 051 | 726 | 6.85 | 420 | 480 | 9.94 | 9.54 ns
Std. 0.66 | 5.93 | 0.04 51 166|043 | 6.04 (570 349|400 (828|794 | ns
-1 0.56 | 5.05 | 0.04 291141 (036 | 514485297 | 340 | 7.04 | 6.75 ns
-2 0.49 | 443 | 0.03 13124 032|451 |426 | 261|299 6.18 | 593 ns
Note: For specific junction temperature and voltage-supply levels, refer to Table 3-6 on page 3-4 for derating values.
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Table 3-32 o 2.5V LVCMOS High Slew

Commercial-Case Conditions: T; = 70°C, Worst Case V¢c = 1.425 V, Worst Case Vg =2.3 V
Drive Strength | Speed
(mA) Grade |tpour| tor | toin | tey | teys [teout| tzu | tzu | tz | tuz | tzs | tzus |Units
4 mA —F 0.79 110.59] 0.05 | 1.82 | 1.99 | 0.51 | 9.77 [10.59 | 3.26 | 2.75 [ 12.45]13.28 ns
Std. 0.66 | 882 [ 0.04 | 1.51 166 | 043 | 813 | 882 | 2.72 | 2.29 [ 10.37 [ 11.05 ns
-1 0.56 [ 750 [ 0.04 | 1.29 | 141 | 0.36 | 6.92 [ 7.50 | 2.31 1.95 | 882 | 9.40 ns
-2 049 | 658 [ 0.03 | 1.13 | 1.24 | 0.32 | 6.07 | 658 | 2.03 | 1.71 | 7.74 | 825 ns
8 mA -F 0.79 | 633 [ 0.05 | 1.82 | 199 [ 051 | 633 | 633 | 3.73 | 3.64 [ 9.02 | 9.02 ns
Std. 0.66 | 527 | 0.04 | 1.51 | 1.66 | 043 | 527 | 527 | 3.10 | 3.03 | 7.50 | 7.51 ns
-1 056 | 448 | 0.04 | 1.29 | 141 | 0.36 | 448 | 448 | 2.64 | 2.58 | 6.38 | 6.38 ns
-2 049 [ 394 | 0.03 | 113 | 1.24 | 032 | 393 | 394 | 232 | 2.26 | 560 | 5.61 ns
12 mA —F 0.79 | 450 | 0.05 [ 1.82 [ 199 | 0.51 | 458 | 419 | 404 | 420 | 7.27 | 6.88 ns
Std. 0.66 | 3.74 [ 0.04 | 1.51 | 1.66 | 043 | 3.81 | 349 | 3.37 | 349 | 6.05 | 5.73 ns
-1 0.56 | 3.18 [ 0.04 | 1.29 | 1.41 | 0.36 | 3.24 | 297 | 2.86 | 297 | 5.15 | 4.87 ns
-2 049 | 280 [ 0.03 | 1.13 | 1.24 | 0.32 | 2.85 [ 2.61 | 2.51 | 2.61 | 4.52 | 4.28 ns
16 mA —F 0.79 | 424 | 005 | 1.82 | 199 | 0.51 | 432 | 3.75 | 411 | 435 | 7.00 | 6.43 ns
Std. 0.66 | 3.53 [ 0.04 | 1.51 166 | 043 | 3.59 | 3.12 | 342 | 3.62 | 583 | 5.35 ns
-1 0.56 [ 3.00 [ 0.04 | 1.29 | 141 | 0.36 | 3.06 | 2.65 | 2.91 | 3.08 | 496 | 4.55 ns
-2 049 | 263 [ 0.03 | 1.13 | 1.24 | 0.32 | 2.68 | 233 | 256 | 2.71 | 435 | 4.00 ns
24 mA -F 0.79 | 392 [ 0.05 | 1.82 | 199 | 0.51 | 3.99 [ 298 | 420 | 493 | 6.68 | 5.67 ns
Std. 0.66 | 3.26 | 0.04 | 1.51 | 1.66 | 043 | 3.32 | 248 | 349 | 411 | 556 | 4.72 ns
-1 056 | 277 | 0.04 | 1.29 | 1.41 | 0.36 | 2.83 | 2.11 | 2.97 | 3.49 | 4.73 | 4.01 ns
-2 049 | 244 [ 003 | 113 | 1.24 | 0.32 | 248 | 1.85 | 2.61 | 3.07 | 415 | 3.52 ns
Notes:

1. Software default selection highlighted in gray.
2. For specific junction temperature and voltage-supply levels, refer to Table 3-6 on page 3-4 for derating values.
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1.8 V LVCMOS
Low-Voltage CMOS for 1.8 V is an extension of the LVCMOS standard (JESD8-5) used for general purpose 1.8 V
applications. It uses 1.8 V input buffer and push-pull output buffer.

Table 3-33 ¢ Minimum and Maximum DC Input and Output Levels

1.8 V LVCMOS Vi ViH VoL Vou lo. | lon losL losh e |
Drive

Strength Min, V| Max,V | Min, V |Max, V|[Max, V| Min,V | mA | mA [Max, mA'|Max, mA'| A2 | uA2
2 mA -0.3 0.35*Vc(|0.65*Vee| 3.6 | 045 |Veq-045| 2 2 11 9 10 | 10
4 mA -0.3 {0.35*Vcc(|0.65*Vee| 3.6 | 045 |Veq-045| 4 | 4 22 17 10 | 10
6 MA -0.3 0.35*Vcc(|0.65* Veey| 3.6 | 045 |Veq-045| 6 6 44 35 10 | 10
8 mA -0.3 [0.35* Vc|0.65*Vee| 36 | 045 |Ve-045| 8 8 51 45 10 | 10
12 mA -0.3 |0.35* Ve [065* V| 36 | 045 |Ve-045] 12 | 12 74 91 10 | 10
16 mA -0.3 0.35*Vc(|0.65%Vee | 36 | 045 |Veq-045| 16 | 16 74 91 10 | 10
Notes:

1. Currents are measured at high temperature (100°C junction temperature) and maximum voltage.
2. Currents are measured at 85°C junction temperature.
3. Software default selection highlighted in gray.

R=1k R to VCCl for tLZ/tZL/tZLS

Test Point R to GND for ty,/tyn/t
Test Point HZTZHTEZHS
Datapath T 35 pF Enable Path 35 pF for tyy ftons /ot fois
T 5 pF for tyz /t1z

Figure 3-8 » AC Loading

Table 3-34 « AC Waveforms, Measuring Points, and Capacitive Loads

Input Low (V) Input High (V) Measuring Point* (V) Vger (Typ) (V) Croap (pPF)
0 1.8 0.9 - 35

Note: *Measuring point = Vyp,. See Table 3-15 on page 3-17 for a complete table of trip points.
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Timing Characteristics

Table 3-35 » 1.8 V LVCMOS Low Slew
Commercial-Case Conditions: T, = 70°C, Worst Case V¢ = 1.425 V, Worst Case V¢ = 1.7 V

Drive Strength | Speed
(mA) Grade |tpour| top | toin | tpy | tpys |teour| tzu | tzw | tz | tuz | tas | tzus |Units
2 mA —F 0.79 [19.03| 0.05 | 1.74 | 2.29 | 0.51 | 18.80]19.03 | 3.34 | 1.90 | 21.49|21.71 ns
Std. 0.66 [ 1584 0.04 | 145 | 191 | 0.43 [ 1565|1584 | 2.78 | 1.58 | 17.89 | 18.07 ns
-1 0.56 | 13.47] 0.04 | 1.23 | 1.62 | 0.36 (13.31|13.47| 237 | 1.35 | 15.22 | 15.37 ns
-2 049 (11.83] 0.03 | 1.08 | 142 [ 0.32 | 11.69]11.83| 2.08 | 1.18 | 13.36| 13.50 ns
4 mA -F 0.79 113.68] 0.05 [ 1.74 | 229 | 0.51 (1394|1292 | 391 | 3.33 | 16.62 | 15.61 ns
Std. 066 [11.39]1 0.04 | 145 | 191 [ 043 |11.60]10.76| 3.26 | 2.77 | 13.84]12.99 ns
-1 056 | 969 | 0.04 | 1.23 | 162 | 0.36 | 9.87 | 9.15 | 2.77 | 2.36 | 11.77 [ 11.05 ns
-2 049 [ 851 | 0.03 | 1.08 | 142 [ 0.32 | 866 | 803 | 243 | 2.07 | 10.33] 9.70 ns
6 mA -F 0.79 110.78] 0.05 [ 1.74 | 2.29 | 0.51 [10.98| 9.73 | 429 | 403 | 13.66 | 12.41 ns
Std. 066 [ 897 | 0.04 | 145 | 191 | 043 | 9.14 | 810 | 3.57 | 3.36 | 11.37]10.33 ns
-1 056 | 763 | 0.04 [ 123 | 162 | 0.36 | 7.77 | 6.89 | 3.04 | 2.86 | 9.67 | 879 ns
-2 049 [ 670 | 0.03 | 1.08 | 142 [ 0.32 | 6.82 | 6.05 | 266 | 251 | 849 | 7.72 ns
8 mA -F 0.79 110.03] 0.05 | 1.74 | 2.29 | 0.51 [10.22]| 9.11 | 437 | 4.23 |112.90|11.80 ns
Std. 066 [ 835|004 | 145 | 191 [ 043 | 850 | 759 | 3.64 | 3.52 | 10.74 | 9.82 ns
-1 056 | 710 | 0.04 [ 1.23 | 162 | 0.36 | 7.23 | 6.45 | 3.10 | 3.00 | 9.14 | 835 ns
-2 049 [ 624 | 0.03 | 1.08 | 142 [ 0.32 | 635 | 566 | 2.72 | 263 | 8.02 | 7.33 ns
12 mA -F 0.79 | 954 |1 0.05 | 1.74 | 2.29 | 0.51 9.72 | 9.08 | 450 | 493 |12.40(11.77 ns
Std. 066 [ 794 | 0.04 | 145 | 191 [ 043 | 809 | 756 | 3.74 | 4.11 | 10.32] 9.80 ns
-1 056 | 6751 0.04 [ 123 | 162 | 0.36 | 6.88 | 6.43 | 3.18 | 3.49 | 878 | 833 ns
-2 049 [ 593 | 0.03 | 1.08 | 142 [ 0.32 | 6.04 | 565 | 2.79 | 3.07 | 7.71 | 7.32 ns
16 mA -F 0.79 | 954 |1 0.05 | 1.74 | 2.29 | 0.51 9.72 | 9.08 | 450 | 493 |12.40(11.77 ns
Std. 066 [ 794 | 0.04 | 145 | 191 [ 043 | 809 | 756 | 3.74 | 4.11 | 10.32] 9.80 ns
-1 056 | 6751 0.04 [ 123 | 162 | 0.36 | 6.88 | 6.43 | 3.18 | 3.49 | 878 | 833 ns
-2 049 [ 593 | 0.03 | 1.08 | 142 [ 0.32 | 6.04 | 565 | 2.79 | 3.07 | 7.71 | 7.32 ns

Note: For specific junction temperature and voltage-supply levels, refer to Table 3-6 on page 3-4 for derating values.
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Table 3-36 » 1.8 V LVCMOS High Slew
Commercial-Case Conditions: T; = 70°C, Worst Case V¢c = 1.425 V, Worst Case Vg = 1.7 V

Drive Strength | Speed
(mA) Grade |tpour| tor | toin | tey | teys [teout| tzu | tzu | tz | tuz | tzs | tzus |Units
2 mA -F 0.79 (1454 0.05 | 1.74 | 2.29 | 0.51 [11.52 1454 | 3.34 | 1.97 |14.21[17.23 ns
Std. 0.66 [12.10] 0.04 | 1.45 [ 1.91 043 | 959 112,10 2.78 | 1.64 | 11.83]|14.34 ns
-1 0.56 [10.30 | 0.04 | 1.23 | 162 | 0.36 | 816 [10.30| 2.37 | 1.39 | 10.06 | 12.20 ns
-2 049 | 9.04 | 0.03 [ 1.08 | 142 | 0.32 | 7.16 | 9.04 | 208 | 1.22 | 883 | 10.71 ns
4 mA —F 0.79 | 847 | 0.05 | 1.74 | 2.29 | 0.51 7.45 [ 847 | 3.90 | 3.44 |110.14]11.16 ns
Std. 0.66 [ 705 | 0.04 | 1.45 [ 1.91 043 | 6.20 | 7.05 | 3.25 | 2.86 | 8.44 | 9.29 ns
-1 0.56 [ 6.00 [ 0.04 | 123 | 162 | 0.36 | 528 [ 6.00 | 2.76 | 244 | 7.18 | 7.90 ns
-2 049 | 527 1 0.03 [ 1.08 | 142 | 0.32 | 463 | 527 | 243 | 2.14 | 6.30 | 6.94 ns
6 mA -F 0.79 | 543 | 0.05 | 1.74 | 2.29 | 0.51 536 | 543 | 429 | 417 | 8.05 | 8.12 ns
Std. 0.66 | 452 | 0.04 | 1.45 [ 1.91 043 | 447 | 452 | 357 | 347 | 6.70 | 6.76 ns
-1 056 [ 3.85 [ 004 | 123 | 162 | 0.36 | 3.80 | 3.85 | 3.04 | 295 | 570 | 5.75 ns
-2 049 | 3.38 [ 0.03 | 1.08 | 142 | 0.32 | 3.33 | 3.38 | 2.66 | 259 | 500 | 5.05 ns
8 mA -F 0.79 | 495 | 0.05 | 1.74 | 2.29 | 0.51 504 | 480 | 436 | 435 | 7.73 | 7.48 ns
Std. 066 | 412 [ 0.04 | 145 | 191 | 043 | 420 | 399 | 3.63 | 3.62 | 643 | 6.23 ns
-1 056 | 3.51 [ 0.04 | 123 | 162 | 0.36 | 3.57 | 3.40 | 3.09 | 3.08 | 547 | 5.30 ns
-2 049 | 3.08 | 0.03 | 1.08 | 1.42 | 0.32 | 3.14 | 298 | 2.71 2.71 4.81 4.65 ns
12 mA —F 0.79 | 456 | 0.05 | 1.74 | 229 | 051 | 464 | 3.71 | 448 | 5.09 | 7.33 | 6.40 ns
Std. 0.66 [ 3.80 [ 0.04 | 145 | 191 | 043 | 3.87 | 3.09 | 3.73 | 424 | 6.10 | 5.32 ns
-1 056 [ 3.23 [ 0.04 | 123 | 162 | 0.36 | 3.29 | 263 | 3.18 | 3.60 | 5.19 | 4.53 ns
-2 049 [ 283 | 0.03 | 1.08 | 142 | 0.32 | 289 | 231 | 279 | 3.16 | 456 | 3.98 ns
16 mA -F 0.79 | 456 | 0.05 | 1.74 | 2.29 | 0.51 464 | 3.71 | 448 | 5.09 | 7.33 | 6.40 ns
Std. 0.66 [ 3.80 [ 0.04 | 145 | 191 | 043 | 3.87 | 3.09 | 3.73 | 424 | 6.10 | 5.32 ns
-1 056 [ 3.23 [ 004 | 123 | 162 | 0.36 | 3.29 | 263 | 3.18 | 3.60 | 5.19 | 4.53 ns
-2 049 | 283 |1 0.03 [ 1.08 | 1.42 | 0.32 | 2.89 | 2.31 279 | 3.16 | 4.56 | 3.98 ns

Notes:

1. Software default selection highlighted in gray.
2. For specific junction temperature and voltage-supply levels, refer to Table 3-6 on page 3-4 for derating values.
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1.5 V LVCMOS (JESD8-11)

Low-voltage CMOS for 1.5 V is an extension of the LVCMOS standard (JESD8-5) used for general purpose 1.5 V
applications. It uses 1.5 V input buffer and push-pull output buffer.

Table 3-37  Minimum and Maximum DC Input and Output Levels

1.5V

LVCMOS Vi Vin VoL Vou loL | lon losL los e | ln
Drive

Strength [Min, V| Max, V | Min,V [Max, V| Max,V | Min,V | mA | mA |[Max, mA'|[Max, mAl| 1A% | A2
2 mA —0.3 [030* Ve |07 *Vee | 36 [0.25*veql075* Vgl 2 | 2 16 13 10 | 10
4 mA —0.3 [030*Vee |07 *Vee | 36 [025*Veq|075 % V| 4 | 4 33 25 10 | 10
6 mA —0.3 [030*Vcq |07 * Ve | 36 [0.25%Veql075* Vel 6 | 6 39 32 10 | 10
8 mA -03 [030*Vee |07 Ve | 36 [025* V075 V| 8 | 8 55 66 10 | 10
12 mA -03 030*Vee |07 *Vee | 36 [0.25*Veq|0.75 * V| 12 | 12 55 66 10 | 10
Notes:

1. Currents are measured at high temperature (100°C junction temperature) and maximum voltage.
2. Currents are measured at 85°C junction temperature.
3. Software default selection highlighted in gray.

Test Point

Datapath T 35 pF

R=1k
Test Point
Enable Path

R to VCCl for tLZ/tZL/tZLS
R to GND for tHZ/tZH/tZHS

5 pF for tyz /t1z

Figure 3-9 » AC Loading

Table 3-38 « AC Waveforms, Measuring Points, and Capacitive Loads

Input Low (V)

Input High (V)

Measuring Point* (V)

Veer (Typ) (V)

Croap (PF)

0

1.5

0.75

35

Note: *Measuring point = Vyp,. See Table 3-15 on page 3-17 for a complete table of trip points.
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Timing Characteristics

Table 3-39 ¢ 1.5V LVCMOS Low Slew
Commercial-Case Conditions: T, = 70°C, Worst Case V¢ = 1.425 V, Worst Case V¢ = 1.4V

Drive strength | Speed
(mA) grade (tpour| top | toin | tey | teys |teour| tzL | tzw | tiz | thz | tas | tzus |Units
2 mA —F 0.79 [16.95| 0.05 | 2.04 | 258 | 0.51 [17.26 | 15.78 | 4.09 | 3.22 | 19.95 [ 18.47 ns
Std. 0.66 [14.11 0.04 | 1.70 | 2.14 | 0.43 [14.3713.14| 340 | 2.68 | 16.61 | 15.37 ns
-1 0.56 [12.00] 0.04 | 144 | 1.82 | 0.36 | 1222 (1117 290 | 2.28 | 14.13 [ 13.08 ns
-2 0.49 (1054 0.03 | 1.27 | 1.60 | 0.32 [10.73| 9.81 | 254 | 2.00 | 12.40(11.48 ns
4 mA -F 0.79 [13.49] 0.05 | 2.04 | 258 | 0.51 [13.74|11.85| 453 | 4.03 [16.43 | 14.54 ns
Std. 0.66 [11.23| 0.04 | 1.70 | 2.14 | 043 [11.44| 9.87 | 3.77 | 3.36 | 13.68 [ 12.10 ns
-1 056 | 9551 004 | 144 | 1.82 | 0.36 | 9.73 | 839 | 3.21 2.86 [11.63]10.29 ns
-2 049 [ 839 [ 0.03 | 1.27 | 160 | 0.32 | 854 | 7.37 | 2.81 | 251 [10.21 | 9.04 ns
6 mA -F 0.79 [ 1256 0.05 | 2.04 | 258 | 0.51 | 1279 11.10| 462 | 4.26 | 1548 13.79 ns
Std. 0.66 (1045 0.04 | 1.70 | 2.14 | 043 [10.65| 9.24 | 3.84 | 3.55 | 12.88(11.48 ns
-1 056 | 889 |1 0.04 [ 144 | 1.82 | 0.36 | 9.06 | 7.86 | 3.27 | 3.02 [10.96 | 9.76 ns
-2 049 | 781 [ 003 | 1.27 | 160 | 0.32 | 795 | 690 | 2.87 | 2.65 | 9.62 | 8.57 ns
8 mA -F 0.79 [12.04] 0.05 | 2.04 | 258 | 0.51 | 1226 11.09| 4.77 | 5.07 [ 14.94 [ 13.77 ns
Std. 0.66 [10.02| 0.04 | 1.70 | 2.14 | 0.43 [10.20| 9.23 | 3.97 | 422 |12.44 (11.47 ns
-1 056 | 852 1 004 [ 144 | 1.82 | 0.36 | 868 | 7.85 | 3.38 | 3.59 [10.58 | 9.75 ns
-2 049 | 748 [ 0.03 | 1.27 | 160 | 0.32 | 762 | 6.89 | 297 | 3.15 | 9.29 | 8.56 ns
12 mA -F 0.79 [12.04] 0.05 | 2.04 | 258 | 0.51 | 1226 11.09| 4.77 | 5.07 [ 14.94 [ 13.77 ns
Std. 0.66 [10.02| 0.04 | 1.70 | 2.14 | 0.43 [10.20| 9.23 | 3.97 | 422 |12.44 (11.47 ns
-1 056 | 852 1 004 [ 144 | 1.82 | 0.36 | 868 | 7.85 | 3.38 | 3.59 [10.58 | 9.75 ns
-2 049 | 748 [ 0.03 | 1.27 | 160 | 0.32 | 762 | 6.89 | 2.97 | 3.15 | 9.29 | 8.56 ns

Note: For specific junction temperature and voltage-supply levels, refer to Table 3-6 on page 3-4 for derating values.

Advanced v0.5 3-33



| ProASIC3E Flash Family FPGAs

Table 3-40 1.5V LVCMOS High Slew
Commercial-Case Conditions: T; = 70°C, Worst Case V¢c = 1.425 V, Worst Case Vg = 1.4V

Drive strength Speed tpou
(mA) grade T | top | toin | tey | tpys [teour| tz | tzn | tiz | tuz | tzs | tzus |Units
2 mA —F 0.79 110.25] 0.05 | 2.04 | 258 | 0.51 | 872 [10.25| 4.08 | 3.35 | 11.41]12.94( ns
Std. 0.66 | 853 1004 [ 170 [ 214 | 043 | 7.26 | 853 | 3.39 | 2.79 | 9.50 | 10.77| ns
-1 056 | 726 | 0.04 | 144 | 1.82 | 0.36 | 6.18 | 7.26 | 2.89 | 2.37 | 8.08 | 9.16 ns
-2 049 | 637 [ 003 | 127|160 (032|542 | 637|253 ] 208 | 7.09 | 8.04 ns
4 mA —F 0.79 | 650 | 0.05 | 2.04 | 258 | 0.51 | 6.27 | 6.50 | 451 | 418 | 895 | 9.19 ns
Std. 0.66 | 541 [ 0.04 | 1.70 | 214 [ 043 | 522 | 541 | 3.75 | 3.48 | 7.45 | 7.65 ns
=1 056 | 460 | 0.04 | 144 | 1.82 | 0.36 | 444 | 460 | 3.19 | 296 | 6.34 | 6.50 ns
-2 049 | 404 [ 0.03 | 1.27 | 1.60 | 0.32 | 3.89 [ 4.04 | 2.80 | 2.60 | 5.56 | 5.71 ns
6 mA —F 0.79 | 577 | 0.05 | 2.04 | 258 | 0.51 | 588 | 5.70 | 460 | 4.41 | 8.56 | 8.39 ns
Std. 0.66 | 480 [ 0.04 | 1.70 | 214 [ 043 | 489 | 475 | 3.83 | 3.67 | 7.13 | 6.98 ns
-1 056 | 409 | 004 | 144 [ 1.82 | 0.36 | 416 | 4.04 | 3.26 | 3.12 | 6.06 | 5.94 ns
-2 049 | 359 [ 0.03 | 1.27 | 1.60 | 0.32 | 3.65 | 3.54 | 286 | 2.74 | 5.32 | 5.21 ns
8 mA -F 0.79 | 5311 0.05 | 2.04 | 258 | 0.51 | 541 | 435 | 476 | 5.25 | 8.09 | 7.04 ns
Std. 0.66 | 442 [ 0.04 | 1.70 | 214 [ 043 | 450 | 3.62 | 3.96 | 437 | 6.74 | 5.86 ns
-1 056 | 3.76 | 0.04 | 144 | 1.82 | 0.36 | 3.83 | 3.08 | 3.37 | 3.72 | 5.73 | 4.98 ns
-2 049 | 330 [ 0.03 | 1.27 | 1.60 [ 0.32 | 3.36 | 2.70 | 2.96 | 3.27 | 5.03 | 4.37 ns
12 mA -F 0.79 | 531 |1 0.05 | 2.04 | 258 | 0.51 | 541 | 435 | 4.76 | 5.25 | 8.09 | 7.04 ns
Std. 0.66 | 442 |1 0.04 | 1.70 | 2.14 | 0.43 | 450 | 3.62 | 3.96 | 437 | 6.74 | 5.86 ns
-1 056 | 3.76 | 0.04 | 144 | 1.82 | 0.36 | 3.83 | 3.08 | 3.37 | 3.72 | 5.73 | 4.98 ns
—2 049 | 3.30 | 0.03 | 1.27 | 1.60 | 0.32 | 3.36 | 2.70 | 2.96 | 3.27 | 5.03 | 4.37 ns
Notes:

1. Software default selection highlighted in gray.
2. For specific junction temperature and voltage-supply levels, refer to Table 3-6 on page 3-4 for derating values.
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3.3V PC, 3.3V PC-X
Peripheral Component Interface for 3.3 V standard specifies support for 33 MHz and 66 MHz PCl Bus applications.

Table 3-41 e Minimum and Maximum DC Input and Output Levels
3.3 V PCI/PCI-X ViL ViH VoL Vou loL loH losL losH I hn
Drive Strength Min, V | Max, V | Min, V |Max, V[Max, V|Min, V| mA | mA |Max, mA'|Max, mA'| uA2 [ uAZ?

Per PCl specification Per PCl curves 10 | 10

Notes:
1. Currents are measured at high temperature (100°C junction temperature) and maximum voltage.
2. Currents are measured at 85°C junction temperature.

AC loadings are defined per the PCI/PCI-X specifications for the datapath; Actel loadings for enable path
characterization are described in Figure 3-10.

R =25 R to VCC| for tDP (F) R=1k R to VCC| for tLZ/tZL/tZLS
Test Point R to GND for tDP (R) Test Point R to GND for tHZ/tZH/tZHS
Datapath T Enable Path 10 pF for tyy Mtops/ty /s
5 pF for tyz /t 1z

Figure 3-10  AC Loading

AC loading are defined per PCI/PCI-X specifications for the datapath; Actel loading for tristate is described in Table 3-42.
Table 3-42 » AC Waveforms, Measuring Points, and Capacitive Loads
Input Low (V) Input High (V) Measuring Point* (V) Vger (Typ) (V) Croap (PF)

0 33 0.285 * Ve, for topg) - 10
0.615 * VCCl for tDP(F)

Note: *Measuring point = V., See Table 3-15 on page 3-17 for a complete table of trip points.

Timing Characteristics

Table 3-43 3.3V PCI/PCI-X
Commercial-Case Conditions: T; = 70°C, Worst Case V¢c = 1.425 V, Worst Case Vg =3.0V

Speed Grade | tpoyr tor | toin | tey | teys | teour tz tzu | Wz | tuz | tzis | tzus | Units
-F 0.79 3.37 0.05 | 1.26 | 2.01 0.51 3.43 240 | 393 | 434 | 6.12 | 5.08 ns
Std. 0.66 2.81 0.04 | 1.05 | 1.67 0.43 2.86 2.00 | 3.28 | 3.61 5.09 | 4.23 ns
-1 0.56 2.39 0.04 | 0.89 | 1.42 0.36 2.43 1.70 | 2.79 | 3.07 | 433 | 3.60 ns
-2 0.49 2.09 0.03 | 0.78 | 1.25 0.32 2.13 149 | 245 | 2.70 | 3.80 | 3.16 ns

Note: For specific junction temperature and voltage-supply levels, refer to Table 3-6 on page 3-4 for derating values.
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3.3V GTL

Gunning Transceiver Logic is a high-speed bus standard (JESD8-3). It provides a differential amplifier input buffer and
an open drain output buffer. The V¢, pin should be connected to 3.3 V.

Table 3-44 ¢ Minimum and Maximum DC Input and Output Levels

3.3VGTIL Vi Vin VoL Vou | lo. | lon losL losu L hin
Drive
Strength [Min, V| Max, V | Min, V [Max, V|Max, V| Min, V| mA | mA [Max, mA'|Max, mA'| pA? | pA?
25 mA3 0.3 |Vggr— 0.05|Vegr+0.05| 36 0.4 - 25 | 25 181 268 10 | 10
Notes:

1. Currents are measured at high temperature (100°C junction temperature) and maximum voltage.
2. Currents are measured at 85°C junction temperature.
3. Output drive strength is below JEDEC specification.

VTT

GTL 25

T1OpF

Test Point

Figure 3-11 o AC Loading

Table 3-45  AC Waveforms, Measuring Points, and Capacitive Loads

Input Low (V) Input High (V) Measuring Point* (V) | Vgge (Typ) (V) V1 (Typ) (V) Croap (PF)
Vger— 0.05 Vrer + 0.05 0.8 0.8 1.2 10

Note: *Measuring point = Vyp,. See Table 3-15 on page 3-17 for a complete table of trip points.

Timing Characteristics

Table 3-46 » 3.3V GTL
Commercial-Case Conditions: T) = 70°C, Worst Case V¢ = 1.425 V, Worst Case V¢ =3.0V VRgg = 0.8V

Speed Grade thour top toin | tey | teour | ta tzy Yz | tuz | tzs | tzys | Units
-F 0.72 2.49 0.05 3.52 0.51 2.45 2.49 5.13 5.18 ns
Std. 0.60 2.08 0.04 2.93 0.43 2.04 2.08 4.27 4.31 ns
-1 0.51 1.77 0.04 2.50 0.36 1.73 1.77 3.63 3.67 ns
-2 0.45 1.55 0.03 2.19 0.32 1.52 1.55 3.19 3.22 ns

Note: For specific junction temperature and voltage-supply levels, refer to Table 3-6 on page 3-4 for derating values.
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2.5V GTL

Gunning Transceiver Logic is a high-speed bus standard (JESD8-3). It provides a differential amplifier input buffer and
an open drain output buffer. The V¢ pin should be connected to 2.5 V.

Table 3-47 » Minimum and Maximum DC Input and Output Levels

2.5 GTL ViL Vin Voo | Vou | lou | lou losL losh e |
Drive Strength| Min, V | Max, V | Min, V [Max, V|Max, V|Min, V| mA | mA | Max, mA! | Max, mA' | 1A2 | 1A2
25 mA3 03 |Vagr—0.05[Vagr +0.05| 36 | 04 — |25 | 25 124 169 10 | 10
Notes:

1. Currents are measured at high temperature (100°C junction temperature) and maximum voltage.
2. Currents are measured at 85°C junction temperature.
3. Output drive strength is below JEDEC specification.

VTT

GTL 25

T1OpF

Test Point

Figure 3-12 ¢ AC Loading

Table 3-48  AC Waveforms, Measuring Points, and Capacitive Loads

Input Low (V) Input High (V) Measuring Point* (V) Vger (Typ) (V) Vit (Typ) (V) Croap (pPF)
Vger— 0.05 Vpee + 0.05 0.8 0.8 1.2 10

Note: *Measuring point = Vyp,. See Table 3-15 on page 3-17 for a complete table of trip points.

Timing Characteristics

Table 3-49 « 2.5V GTL
Commercial-Case Conditions: T) = 70°C, Worst Case V¢ = 1.425 V, Worst Case V¢ =3.0VVRgg = 0.8V

Speed Grade thour top toin | tey | teour | tzL tzy tiz | tyz | tas | tzus | Units
-F 0.72 2.56 0.05 2.95 0.51 2.60 2.56 5.28 5.24 ns
Std. 0.60 2.13 0.04 2.46 0.43 2.16 2.13 4.40 4.36 ns
-1 0.51 1.81 0.04 2.09 0.36 1.84 1.81 3.74 3.71 ns
-2 0.45 1.59 0.03 1.83 0.32 1.61 1.59 3.28 | 3.26 ns

Note: For specific junction temperature and voltage-supply levels, refer to Table 3-6 on page 3-4 for derating values.
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3.3V GTL+

Gunning Transceiver Logic Plus is a high-speed bus standard (JESD8-3). It provides a differential amplifier input buffer
and an open drain output buffer. The V¢, pin should be connected to 3.3 V.

Table 3-50 ¢ Minimum and Maximum DC Input and Output Levels

3.3V GTL+ ViL Vin Voo | Vou | loL | lon losL losh e | hn
Drive Strength| Min, V | Max, V | Min, V [Max, V|Max, V|Min, V| mA | mA | Max, mA'! | Max, mA'! | uA2|pA2
35 mA 03 |Vagr—01 | Vage+0.1| 36 | 06 ~ |35 35 181 268 10 | 10
Notes:

1. Currents are measured at high temperature (100°C junction temperature) and maximum voltage.
2. Currents are measured at 85°C junction temperature.

VTT

GTL+ 25

T’IOpF

Test Point

Figure 3-13  AC Loading

Table 3-51 « AC Waveforms, Measuring Points, and Capacitive Loads

Input Low (V) Input High (V) Measuring Point* (V) | Vgge (Typ) (V) Vit (Typ) (V) Croap (PF)
VREF_O"I VREF+O'1 1.0 1.0 1.5 10

Note: *Measuring point = V., See Table 3-15 on page 3-17 for a complete table of trip points.

Timing Characteristics

Table 3-52 ¢ 3.3V GTL+
Commercial-Case Conditions: T; = 70°C, Worst Case V¢c = 1.425 V, Worst Case Vcq=3.0V, Vgge = 1.0V

Speed Grade tpour tor | toin | tey | teour | taL tz4 tz thz | tzis | tzus | Units
-F 0.72 2.47 0.05 1.91 0.51 2.51 2.47 5.20 5.15 ns
Std. 0.60 2.06 0.04 1.59 0.43 2.09 2.06 4.33 4.29 ns
-1 0.51 1.75 0.04 1.35 0.36 1.78 1.75 3.68 3.65 ns
-2 0.45 1.53 0.03 1.19 0.32 1.56 1.53 3.23 3.20 ns

Note: For specific junction temperature and voltage-supply levels, refer to Table 3-6 on page 3-4 for derating values.
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2.5V GTL+

Gunning Transceiver Logic Plus is a high-speed bus standard (JESD8-3). It provides a differential amplifier input buffer
and an open drain output buffer. The V¢, pin should be connected to 2.5 V.

Table 3-53 e Minimum and Maximum DC Input and Output Levels

2.5V GTL+ ViL Vin Voo | Vou | lou | lon losL losu e | lin
Drive Strength| Min, V | Max, V | Min, V [Max, V|Max, V|Min, V| mA | mA |Max, mA' [ Max, mA1 | A2 | 1A?
33mA 03 |Vagr—01 [ Vage+0.1| 36 | 06 — | 33 ] 33 124 169 10 | 10
Notes:

1. Currents are measured at high temperature (100°C junction temperature) and maximum voltage.
2. Currents are measured at 85°C junction temperature.

VTT

GTL+ 25

T’IOpF

Test Point

Figure 3-14 * AC Loading

Table 3-54 « AC Waveforms, Measuring Points, and Capacitive Loads

Input Low (V) Input High (V) Measuring Point* (V) Vger (Typ) (V) V1 (Typ) (V) Croap (PF)
VREF_O"I VREF+O.1 1.0 1.0 1.5 10

Note: *Measuring point = V. See Table 3-15 on page 3-17 for a complete table of trip points.

Timing Characteristics

Table 3-55 ¢ 2.5V GTL+
Commercial-Case Conditions: T, = 70°C, Worst Case V¢ = 1.425 V, Worst Case V¢ =2.3V, Vpge= 1.0V

Speed Grade toour tor | ton | tey | teour | tazL tzu tz thz | tzis | tzus | Units
—F 0.72 2.65 0.05 1.82 0.51 2.70 2.52 5.38 5.21 ns
Std. 0.60 2.21 0.04 1.51 0.43 2.25 2.10 4.48 4.34 ns
-1 0.51 1.88 0.04 1.29 0.36 1.91 1.79 3.81 3.69 ns
-2 0.45 1.65 0.03 1.13 0.32 1.68 1.57 3.35 3.24 ns

Note: For specific junction temperature and voltage-supply levels, refer to Table 3-6 on page 3-4 for derating values.
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HSTL Class |

High-Speed Transceiver Logic is a general-purpose high-speed 1.5 V bus standard (EIA/JESD8-6). ProASIC3E devices
support Class I. This provides a differential amplifier input buffer and a push-pull output buffer.

Table 3-56 ¢ Minimum and Maximum DC Input and Output Levels

HSTL Class | Vi Vin VoL Vou lo. | lon losL losH e |

Drive Strength| Min, V| Max, V | Min, V [Max, V|Max, V| Min, V| mA | mA |Max, mA'! Max, mA'| uA? | uA?

8 mA 0.3 |Vgr—0.1|Vpgr+0.1| 36 04 |Vcc04| 8 8 39 32 10 | 10

Notes:

1. Currents are measured at high temperature (100°C junction temperature) and maximum voltage.
2. Currents are measured at 85°C junction temperature.

Vv

HSTL  —
Class | 50
Test Point

TZOpF

Figure 3-15 ¢ AC Loading

Table 3-57 » AC Waveforms, Measuring Points, and Capacitive Loads

Input Low (V) Input High (V) Measuring Point* (V) Vger (Typ) (V) Vit (Typ) (V) | Croap (PF)
VREF_O'1 VREF+O.1 0.75 0.75 0.75 20

Note: *Measuring point = Vi, See Table 3-15 on page 3-17 for a complete table of trip points.

Timing Characteristics

Table 3-58 o HSTL Class |
Commercial-Case Conditions: T; = 70°C, Worst Case Vcc = 1.425 V, Worst Case V= 1.4V, Vggr = 0.75V

Speed Grade thour tor | toin | tey | teour | tazL tzu tz thz | tzis | tzus | Units
-F 0.79 3.82 0.05 2.55 0.51 3.89 3.78 6.58 6.46 ns
Std. 0.66 3.18 0.04 2.12 0.43 3.24 3.14 5.47 5.38 ns
-1 0.56 2.70 0.04 1.81 0.36 2.75 2.67 4.66 4.58 ns
-2 0.49 2.37 0.03 1.59 0.32 2.42 2.35 4.09 4.02 ns

Note: For specific junction temperature and voltage-supply levels, refer to Table 3-6 on page 3-4 for derating values.
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HSTL Class Il

High-Speed Transceiver Logic is a general-purpose high-speed 1.5 V bus standard (EIA/JESD8-6). ProASIC3E devices
support Class Il. This provides a differential amplifier input buffer and a push-pull output buffer.

Table 3-59 ¢ Minimum and Maximum DC Input and Output Levels

HSTL Class I Vi ViH VoL | Vou | loL | lon losL losH e | hn

Drive Strength| Min, V | Max, V | Min, V [Max, V|Max, V|Min, V[ mA | mA [ Max, mA! | Max, mA' | u1A? | A2

15 mA3 03 | Vpep—0.1|Vpge+0.1| 36 | 04 |Vec04] 15 | 15 55 66 10 | 10

Notes:

1. Currents are measured at high temperature (100°C junction temperature) and maximum voltage.
2. Currents are measured at 85°C junction temperature.

3. Output drive strength is below JEDEC specification.

V
HSTL  —
Class Il 25
Test Point

TZOpF

Figure 3-16 ¢ AC Loading

Table 3-60 » AC Waveforms, Measuring Points, and Capacitive Loads

Input Low (V) Input High (V) Measuring Point* (V) Vger (Typ) (V) | Vi1 (Typ) (V) Croap (PF)
Veer— 0.1 Vgep + 0.1 0.75 0.75 0.75 20

Note: *Measuring point = V. See Table 3-15 on page 3-17 for a complete table of trip points.

Timing Characteristics

Table 3-61 o HSTL Class Il
Commercial-Case Conditions: T, = 70°C, Worst Case V¢ = 1.425 V, Worst Case V¢ = 1.4V, Vpge = 0.75 V

Speed Grade toour tor | ton | tey [ teour | tz | tzu tiz | thz | tas | tzus | Units
—F 0.79 3.63 0.05 2.55 0.51 3.70 3.26 6.39 5.95 ns
Std. 0.66 3.02 0.04 2.12 0.43 3.08 2.71 5.32 495 ns
-1 0.56 2.57 0.04 1.81 0.36 2.62 2.31 4.52 4.21 ns
-2 0.49 2.26 0.03 1.59 0.32 2.30 2.03 3.97 3.70 ns

Note: For specific junction temperature and voltage-supply levels, refer to Table 3-6 on page 3-4 for derating values.
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SSTL2 Class |

Stub-Speed Terminated Logic for 2.5 V memory bus standard (JESD8-9). ProASIC3E devices support Class I. This provides
a differential amplifier input buffer and a push-pull output buffer.

Table 3-62 ¢ Minimum and Maximum DC Input and Output Levels

SSTL2 Class | Vi Vin VoL Vou lo. | lon losL losu e | ln
Drive
Strength  [Min, V| Max, V| Min,V | Max, V [ Max, V| Min,V | mA | mA |Max, mA'(Max, mA'| uA? | LA2
15 mA -0.3 [Vger—0.2|Vpgr+0.2| 3.6 0.54 |Vcc-0.62| 15 | 15 87 83 10 | 10
Notes:

1. Currents are measured at high temperature (100°C junction temperature) and maximum voltage.
2. Currents are measured at 85°C junction temperature.

V
SSTL2  —'
Class | 50
Test Point
25

T 30 pF

Figure 3-17 * AC Loading

Table 3-63 » AC Waveforms, Measuring Points, and Capacitive Loads

Input Low (V) Input High (V) Measuring Point* (V) Vger (Typ) (V) | Vir (Typ) (V) Croap (PF)

Vgep— 0.2 Vgep + 0.2 1.25 1.25 1.25 30

Note: *Measuring point = Vyp,. See Table 3-15 on page 3-17 for a complete table of trip points.

Timing Characteristics

Table 3-64  SSTL2 Class |
Commercial-Case Conditions: T, = 70°C, Worst Case V¢ = 1.425 V, Worst Case V¢ = 2.3V, Vpge = 1.25V

Speed Grade toour tor | toin | tey teour 2o | tz tz tyz | tzs | tzys | Units
—F 0.79 2.56 0.05 1.60 0.51 2.60 2.22 5.29 490 ns
Std. 0.66 2.13 0.04 1.33 0.43 2.17 1.85 4.40 4.08 ns
-1 0.56 1.81 0.04 1.14 0.36 1.84 1.57 3.74 3.47 ns
-2 0.49 1.59 0.03 1.00 0.32 1.62 1.38 3.29 3.05 ns

Note: for specific junction temperature and voltage-supply levels, refer to Table 3-6 on page 3-4 for derating values.
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SSTL2 Class Il

Stub-Speed Terminated Logic for 2.5 V memory bus standard (JESD8-9). ProASIC3E devices support Class Il. This
provides a differential amplifier input buffer and a push-pull output buffer.

Table 3-65 ¢ Minimum and Maximum DC Input and Output Levels

SSTL2 Class 1l V"_ V|H VOL VOH IOL IOH IOSL IOSH |||_ I|H

Drive Strength|(Min, V| Max, V | Min, V [Max, V|Max, V| Min, V | mA | mA | Max, mA' | Max, mA' | pA? | pA2

18 mA -0.3 |Vpgr—0.2|Vegr+02| 3.6 | 035 [V -043] 18 | 18 124 169 10 | 10

Notes:

1. Currents are measured at high temperature (100°C junction temperature) and maximum voltage.
2. Currents are measured at 85°C junction temperature.

T

SSTL2

25

T30pF

Test Point
25

Figure 3-18 * AC Loading

Table 3-66 * AC Waveforms, Measuring Points, and Capacitive Loads

Input Low (V) Input High (V) Measuring Point* (V) | Vgge (Typ) (V) V1 (Typ) (V) Croap (PF)
Vggr— 0.2 Vper + 0.2 1.25 1.25 1.25 30

Note: *Measuring point = Vyp,. See Table 3-15 on page 3-17 for a complete table of trip points.

Timing Characteristics

Table 3-67 o SSTL 2 Class Il
Commercial-Case Conditions: T = 70°C, Worst Case V¢ = 1.425 V, Worst Case V¢ =23V, Vpge = 1.25V

Speed Grade thour tor | toin | tey | teour | tzL tzu tz thz | tzis | tzus | Units
—F 0.79 2.60 0.05 1.60 0.51 2.65 2.13 5.34 4.81 ns
Std. 0.66 2.17 0.04 1.33 0.43 2.21 1.77 4.44 4.01 ns
-1 0.56 1.84 0.04 1.14 0.36 1.88 1.51 3.78 3.41 ns
-2 0.49 1.62 0.03 1.00 0.32 1.65 1.32 3.32 2.99 ns

Note: for specific junction temperature and voltage-supply levels, refer to Table 3-6 on page 3-4 for derating values.
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SSTL3 Class |

Stub-Speed Terminated Logic for 3.3 V memory bus standard (JESD8-8). ProASIC3E devices support Class I. This provides
a differential amplifier input buffer and a push-pull output buffer.

Table 3-68  Minimum and Maximum DC Input and Output Levels

SSTL3 Class | Vi Vin VoL Vou loL | lon losL losu e | in

Drive Strength| Min, V| Max, V | Min, V |Max, V[Max, V| Min, V | mA | mA |Max, mA' | Max, mA' [uAZ|uA2
14 mA 03 |Veg-0.2[Vegr+02] 36 07 [Veq-1.1] 14 | 14 54 51 10 | 10

Notes:

1. Currents are measured at high temperature (100°C junction temperature) and maximum voltage.
2. Currents are measured at 85°C junction temperature.

\Y
SSTL3  —
Class | 50
Test Point
25

T30pF

Figure 3-19 ¢ AC Loading

Table 3-69 ¢ AC Waveforms, Measuring Points, and Capacitive Loads

Input Low (V) Input High (V) Measuring Point* (V) Vger (Typ) (V) Vit (Typ) (V) | Croap (PF)
VREF—O.Z VREF+ 0.2 1.5 1.5 1.485 30
Note: *Measuring point = V. See Table 3-15 on page 3-17 for a complete table of trip points.

Timing Characteristics

Table 3-70 » SSTL3 Class |
Commercial-Case Conditions: T, = 70°C, Worst Case V¢ = 1.425 V, Worst Case V¢ =3.0 V, Vpge= 1.5V

Speed Grade thour top | toin | tey | teour | tz | tzm tz | tyz | tzis | tzus | Units
—F 0.79 2.77 0.05 1.50 0.51 2.82 2.21 5.51 4.89 ns
Std. 0.66 2.31 0.04 1.25 0.43 2.35 1.84 4.59 4.07 ns
-1 0.56 1.96 0.04 1.06 0.36 2.00 1.56 3.90 3.46 ns
-2 0.49 1.72 0.03 0.93 0.32 1.75 1.37 3.42 3.04 ns

Note: for specific junction temperature and voltage-supply levels, refer to Table 3-6 on page 3-4 for derating values.
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SSTL3 Class Ii

Stub-Speed Terminated Logic for 3.3 V memory bus standard (JESD8-8). ProASIC3E devices support Class Il. This
provides a differential amplifier input buffer and a push-pull output buffer.

Table 3-71 e Minimum and Maximum DC Input and Output Levels

SSTL3 Class 1l V"_ v".' VOL VOH IOL IOH los|_ losu |||_ I|H

Drive Strength|Min, V| Max, V | Min, V [Max, V|Max, V| Min, V | mA | mA | Max, mA! | Max, mA! | pA? | pA?

21 mA -0.3 |Vrgr—0.2|Vpgr+ 02| 3.6 05 [Vce-09| 21 | 21 109 103 10 | 10

Notes:

1. Currents are measured at high temperature (100°C junction temperature) and maximum voltage.
2. Currents are measured at 85°C junction temperature.

Vg

SSTL3
Class Il 25

Test Point
25 T 30 pF

Figure 3-20  AC Loading

Table 3-72 » AC Waveforms, Measuring Points, and Capacitive Loads

Input Low (V) Input High (V) Measuring Point* (V) Vger (Typ) (V) Vir (Typ) (V) | Croap (PF)
Vgeg— 0.2 VR + 0.2 1.5 1.5 1.485 30

Note: *Measuring point = Vyp,. See Table 3-15 on page 3-17 for a complete table of trip points.

Timing Characteristics

Table 3-73 o SSTL3-Class Il
Commercial-Case Conditions: T = 70°C, Worst Case V¢ = 1.425 V, Worst Case V¢ =3.0 V, Vpge = 1.5V

Speed Grade toour tor | toin | tey | teour | tzL tzn tz tyz | tzs | tzys | Units
—F 0.79 2.48 0.05 1.50 0.51 2.53 2.01 5.21 4.69 ns
Std. 0.66 2.07 0.04 1.25 0.43 2.10 1.67 4.34 3.91 ns
-1 0.56 1.76 0.04 1.06 0.36 1.79 1.42 3.69 3.32 ns
-2 0.49 1.54 0.03 0.93 0.32 1.57 1.25 3.24 2.92 ns

Note: For specific junction temperature and voltage-supply levels, refer to Table 3-6 on page 3-4 for derating values.
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Differential 1/0 Characteristics

Physical Implementation

Configuration of the I/O modules as a differential pair is
handled by the Actel Designer software when the user
instantiates a differential I/O macro in the design.
Differential 1/Os can also be used in conjunction with the
embedded Input Register (InReg), Output Register
(OutReg), Enable Register (EnReg), and Double Data
Rate (DDR). However, there is no support for
bidirectional I/Os or tristates with the LVPECL standards.

LVDS

Low-Voltage Differential Signal (ANSI/TIA/EIA-644) is a
high-speed, differential I/O standard. It requires that one

data bit is carried through two signal lines; so two pins
are needed. It also requires external resistor termination.

The full implementation of the LVDS transmitter and
receiver is shown in an example in Figure 3-21. The
building blocks of the LVDS transmitter-receiver are one
transmitter macro, one receiver macro, three board
resistors at the transmitter end, and one resistor at the
receiver end. The values for the three driver resistors are
different from those used in the LVPECL implementation,
because the output standard specifications are different.

Along with the LVDS 1/0, ProASIC3E also will support
BusLVDS structure and Multi-Drop LVDS (M-LVDS)
configuration (up to 40 nodes).

Bourns Part Number: CAT16-LV4F12

OUTBUF_LVDS T B : FPGA
- 165 Q : Z0=50Q
| R % % . INBUF_LVDS
:140 Q 100 Q )
__%5 Q i Z0=50Q
N N
Figure 3-21 e LVDS Circuit Diagram and Board-Level Implementation
Table 3-74 ¢ Minimum and Maximum DC Input and Output Levels
DC Parameter Description Min. Typ. Max. Units
Ve Supply Voltage 2.375 2.5 2.625 \Y
Vol Output Low Voltage 0.9 1.075 1.25 \
Vou Output High Voltage 1.25 1.425 1.6 \Y%
\% Input Voltage 0 - 2.925 \Y
Vopire Differential Output Voltage 250 350 450 mV
Vocm Output Common Mode Voltage 1.125 1.25 1.375 \
Viem Input Common Mode Voltage 0.05 1.25 2.35 \Y
ViDIFr Input Differential Voltage 100 350 - mV
Notes:
1. +-5%
2. Differential input voltage = +/-350mV
Table 3-75 ¢ AC Waveforms, Measuring Points, and Capacitive Loads
Input Low (V) Input High (V) Measuring Point* (V) Vger (Typ) (V)
1.075 1.325 Cross point -

Note: *Measuring point = Vyp,. See Table 3-15 on page 3-17 for a complete table of trip points.
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Table 3-76 o LVDS

Commercial-Case Conditions: T, = 70°C, Worst Case V¢ = 1.425 V, Worst Case V¢ = 2.3V
Speed Grade tpour tpp toin tpy Units
—F 0.79 2.25 0.05 2.18 ns
Std. 0.66 1.87 0.04 1.82 ns
=1 0.56 1.59 0.04 1.55 ns
-2 0.49 1.40 0.03 1.36 ns

Note: For specific junction temperature and voltage-supply levels, refer to Table 3-6 on page 3-4 for derating values.

BLVDS/M-LVDS

Bus LVDS (BLVDS) and Multipoint LVDS (M-LVDS)
specifications extend the existing LVDS standard to high-
performance multipoint bus applications. Multidrop and
multipoint bus configurations may contain any
combination of drivers, receivers and transceivers. Actel
LVDS drivers provide the higher drive current required by
BLVDS and M-LVDS to accommodate the loading. The
driver requires series terminations for better signal quality
and to control voltage swing. Termination is also required
at both ends of the bus since the driver can be located
anywhere on the bus. These configurations can be
implemented using TRIBUF_LVDS and BIBUF_LVDS macros

along with appropriate terminations. Multipoint designs
using Actel LVDS macros can achieve upto 200 MHz with a
maximum of 20 loads. A sample application is given in
Figure 3-22. The input and output buffer delays are
available in the LVDS section in Table 3-76.

Example: For a bus consisting of 20 equidistant loads, the
following terminations provide the required differential
voltage, in worst case Industrial operating conditions, at
the farthest receiver: R¢=60Q and Ry=70Q, given
Zo =500 (2") and a Zgyp = 50 Q (~1.5").

Receiver Transceiver Driver
EN R M

Rs SRs Rs<SRs Rs SRs
Z VA Z

z

stub stub stub stub

Transceiver

x" <— BIBUF_LVDS

Receiver

W

Zstub
ZO

Vs — Vo —
U/ \V AR
% R
T Z, Z, Z,
|V AR— |V A

Figure 3-22 ¢ BLVDS/M-LVDS Multipoint Application Using LVDS 1/0 Buffers
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LVPECL

Low-Voltage Positive Emitter-Coupled Logic (LVPECL) is
another differential 1/0 standard. It requires that one
data bit is carried through two signal lines. Like LVDS,
two pins are needed. It also requires external resistor
termination.

The full implementation of the LVDS transmitter and
receiver is shown in an example in Figure 3-23. The

building blocks of the LVPECL transmitter-receiver are
one transmitter macro, one receiver macro, three board
resistors at the transmitter end, and one resistor at the
receiver end. The values for the three driver resistors are
different from those used in the LVDS implementation,
because the output standard specifications are different.

Bourns Par/t(Number: CAT16-PC4F12

FPGA S FPGA
OUTBUF_LVPECL | P _E/V\}\OO 0 : 70 = 50 Q P
[ ?187 W %100 o + INBUF_LVPECL
{V\‘{\oo Q : Z0=50Q
N N
Figure 3-23 e LVPECL Circuit Diagram and Board-Level Implementation
Table 3-77 ® Minimum and Maximum DC Input and Output Levels
DC Parameter Description Min. Max. Min. Max. Min. Max. Units
Ve Supply Voltage 3. 33 3.6
VoL Output Low Voltage 0.96 1.27 1.06 1.43 1.30 1.57 \%
Vou Output High Voltage 1.8 2.1 1.92 2.28 2.13 2.41 V
Vi VIH Input Low, Input High voltages 0 3.3 0 3.6 0 3.9 \
VobiFr Differential Output Voltage 0.625 0.97 0.625 0.97 0.625 0.97 \Y
Vocm Output Common Mode Voltage 1.762 1.98 1.762 1.98 1.762 1.98 \
Vicm Input Common Mode Voltage 1.01 2.57 1.01 2.57 1.01 2.57 \Y
VipiFe Input Differential Voltage 300 300 300 mV
Table 3-78 » AC Waveforms, Measuring Points, and Capacitive Loads
Input Low (V) Input High (V) Measuring Point* (V) Vger (Typ) (V)
1.64 1.94 Cross point -

Note: *Measuring point = Vyp,. See Table 3-15 on page 3-17 for a complete table of trip points.

Timing Characteristics

Table 3-79 o LVPECL

Commercial-Case Conditions: T, = 70°C, Worst Case V¢ = 1.425 V, Worst Case V¢ =3.0 V
Speed Grade tpour tpp tpoin tpy Units
—F 0.79 2.19 0.05 1.96 ns
Std. 0.66 1.83 0.04 1.63 ns
-1 0.56 1.55 0.04 1.39 ns
-2 0.49 1.36 0.03 1.22 ns

Note: For specific junction temperature and voltage-supply levels, refer to Table 3-6 on page 3-4 for derating values.
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I/0 Register Specifications

Fully Registered 1/0 Buffers with Synchronous Enable and Asynchronous Preset

=
Preset EZl_ Z L
p=
D s
DOUT 5
Data_out <
= PRE Y F PRE 3
= E =l
Data EZ'— P D Q Core D Q = _Ea
T C | DFN1ETPT Array G DFN1E1P1 T
= —¢ E
Enable |§§|— Z EOUT
B
> D> e
H
D3
CLK w |
= A |
J PRE
D Q
K DFN1E1P1
Data Input I/O Register with: E
Active High Enable
Active High Preset L
Positive Edge Triggered
Data Output Register and
Enable Output Register with:
Active High Enable
LKBU INBUF INBUF Active High Preset

Postive Edge Triggered
~
-
O

Enable
D_Enable

Figure 3-24 * Timing Model of Registered I1/0 Buffers with Synchronous Enable and Asynchronous Preset
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Table 3-80 » Parameter Definition and Measuring Nodes

Parameter Name Parameter Definition Measuring Nodes (From, To)*
tocikq Clock-to-Q of the Output Data Register H, DOUT
tosup Data Setup time for the Output Data Register FH
toHD Data Hold time for the Output Data Register FH
tosue Enable Setup time for the Output Data Register G, H
toHE Enable Hold time for the Output Data Register G, H
toPrE2Q Asynchronous Preset-to-Q of the Output Data Register L, bOUT
tOREMPRE Asynchronous Preset removal time for the Output Data Register L, H
tORECPRE Asynchronous Preset Recovery time for the Output Data Register L, H
toEcikq Clock-to-Q of the Output Enable Register H, EOUT
toEsup Data Setup time for the Output Enable Register JLH
tOEHD Data Hold time for the Output Enable Register J,H
tOESUE Enable Setup time for the Output Enable Register K, H
tOEHE Enable Hold time for the Output Enable Register K, H
toePRE2Q Asynchronous Preset-to-Q of the Output Enable Register I, EOUT
tOEREMPRE Asynchronous Preset Removal time for the Output Enable Register I, H
tOERECPRE Asynchronous Preset Recovery time for the Output Enable Register I, H
ticikq Clock-to-Q of the Input Data Register AE
tisup Data Setup time for the Input Data Register C A
tHD Data Hold time for the Input Data Register C A
tisuE Enable Setup time for the Input Data Register B, A
tHE Enable Hold time for the Input Data Register B, A
tipRE2Q Asynchronous Preset-to-Q of the Input Data Register D, E
YREMPRE Asynchronous Preset Removal time for the Input Data Register D, A
tiRECPRE Asynchronous Preset Recovery time for the Input Data Register D, A

Note: *See Figure 3-24 on page 3-49 for more information.
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Fully Registered 1/0 Buffers with Synchronous Enable and Asynchronous Clear

"
Q
o
DOUT o
= v C Data_out| FF = -
= ore — =
@ D Q @
Data Eﬂ c D Q Array S _Eg
™ S EE DFN1E1C1 ™
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g . ——— E EOUT
Enable D& CLR
BB > CLR
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e)
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= AA
= JJ b Q
CLR
EGE 5
- DFN1E1C1
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E
Data Input I/O Register with CLR
Active high enable
Active high clear
Positive edge triggered
Data Output Register and
Enable Output Register with
Active high enable
INBUF INBUF CLKBUF Active high clear
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|
X

Enable [ |—
X_
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Figure 3-25 ¢ Timing Model of the Registered 1/0 Buffers with Synchronous Enable and Asynchronous Clear
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Table 3-81 ¢ Parameter Definition and Measuring Nodes

Parameter name Parameter Definition Measuring Nodes (From, To)*
tocLkq Clock-to-Q of the Output Data Register HH, DOUT
tosup Data Setup time for the Output Data Register FF, HH
toHD Data Hold time for the Output Data Register FF, HH
tosue Enable Setup time for the Output Data Register GG, HH
toHE Enable Hold time for the Output Data Register GG, HH
tocLr2q Asynchronous Clear-to-Q of the Output Data Register LL, DOUT
tOREMCLR Asynchronous Clear Removal time for the Output Data Register LL, HH
tORECCIR Asynchronous Clear Recovery time for the Output Data Register LL, HH
toecikq Clock-to-Q of the Output Enable Register HH, EOUT
toEsup Data Setup time for the Output Enable Register JJ, HH
tOEHD Data Hold time for the Output Enable Register JJ, HH
tOESUE Enable Setup time for the Output Enable Register KK, HH
tOEHE Enable Hold time for the Output Enable Register KK, HH
toecir2q Asynchronous Clear-to-Q of the Output Enable Register Il, EOUT
tOEREMCLR Asynchronous Clear Removal time for the Output Enable Register Il, HH
tOERECCLR Asynchronous Clear Recovery time for the Output Enable Register Il, HH
ticikq Clock-to-Q of the Input Data Register AA, EE
tisup Data Setup time for the Input Data Register CC, AA
tHD Data Hold time for the Input Data Register CC, AA
tisuE Enable Setup time for the Input Data Register BB, AA
tHE Enable Hold time for the Input Data Register BB, AA
ticlr2Q Asynchronous Clear-to-Q of the Input Data Register DD, EE
tREMCLR Asynchronous Clear Removal time for the Input Data Register DD, AA
tRECCIR Asynchronous Clear Recovery time for the Input Data Register DD, AA

Note: *See Figure 3-25 on page 3-51 for more information.
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Input Register
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Figure 3-26 e Input Register Timing Diagram
Timing Characteristics

Table 3-82 « Input Data Register Propagation Delays
Commercial-Case Conditions: T = 70°C, Worst Case V¢ = 1.425 V

Parameter Description -2 -1 Std. -F Units
ticlkQ Clock-to-Q of the Input Data Register 0.63 0.71 0.84 1.01 ns
tisub Data Setup time for the Input Data Register 0.43 0.49 0.57 0.69 ns
tHD Data Hold time for the Input Data Register 0.00 0.00 0.00 0.00 ns
tisuE Enable Setup time for the Input Data Register 0.43 0.49 0.57 0.69 ns
tHE Enable Hold time for the Input Data Register 0.00 0.00 0.00 0.00 ns
tictr2Q Asynchronous Clear-to-Q of the Input Data Register 0.63 0.71 0.84 1.01 ns
tipRE2Q Asynchronous Preset-to-Q of the Input Data Register 0.45 0.51 0.60 0.72 ns
tREMCLR Asynchronous Clear Removal time for the Input Data Register 0.00 0.00 0.00 0.00 ns
tRECCLR Asynchronous Clear Recovery time for the Input Data Register 0.22 0.25 0.30 0.36 ns
YREMPRE Asynchronous Preset Removal time for the Input Data Register 0.00 0.00 0.00 0.00 ns
YRECPRE Asynchronous Preset Recovery time for the Input Data Register |  0.22 0.25 0.30 0.36 ns
tiwcir Asynchronous Clear Minimum Pulse Width for the Input Data| 0.25 0.28 0.33 0.40 ns
Register
t\WPRE Asynchronous Preset Minimum Pulse Width for the Input Data| 0.25 0.28 0.33 0.40 ns
Register
tickMPWH Clock Minimum Pulse Width High for the Input Data Register 0.36 0.41 0.48 0.58 ns
tickMPWL Clock Minimum Pulse Width Low for the Input Data Register 0.41 0.46 0.54 0.65 ns

Note: For specific junction temperature and voltage-supply levels, refer to Table 3-6 on page 3-4 for derating values.
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Output Register
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Figure 3-27 e Output Register Timing Diagram

Timing Characteristics

Table 3-83 ¢ Output Data Register Propagation Delays
Commercial-Case Conditions: T = 70°C, Worst Case V¢ = 1.425 V

Parameter Description -2 -1 Std. -F Units
tocikq Clock-to-Q of the Output Data Register 0.63 | 0.71 0.84 | 1.01 ns
tosub Data Setup time for the Output Data Register 043 | 049 | 0.57 | 0.69 ns
toHD Data Hold time for the Output Data Register 0.00 [ 0.00 | 0.00 | 0.00 ns
tosue Enable Setup time for the Output Data Register 043 | 049 | 057 | 0.69 ns
toHE Enable Hold time for the Output Data Register 0.00 [ 0.00 | 0.00 | 0.00 ns
tocLr2q Asynchronous Clear-to-Q of the Output Data Register 0.63 | 0.71 0.84 | 1.01 ns
topPrRE2Q Asynchronous Preset-to-Q of the Output Data Register 045 | 0.51 | 060 | 0.72 ns
tOREMCLR Asynchronous Clear Removal time for the Output Data Register 0.00 | 0.00 [ 0.00 [ 0.00 ns
tORECCIR Asynchronous Clear Recovery time for the Output Data Register 0.22 | 025 | 0.30 | 0.36 ns
tOREMPRE Asynchronous Preset Removal time for the Output Data Register 0.00 | 0.00 [ 0.00 | 0.00 ns
tORECPRE Asynchronous Preset Recovery time for the Output Data Register 0.22 | 0.25 | 0.30 | 0.36 ns
towclr Asynchronous Clear Minimum Pulse Width for the Output Data Register | 0.25 | 0.28 | 0.33 | 0.40 ns
tOWPRE Asynchronous Preset Minimum Pulse Width for the Output Data Register | 0.25 | 0.28 [ 0.33 | 0.40 ns
toCcKMPWH Clock Minimum Pulse Width High for the Output Data Register 0.36 | 0.41 048 | 0.58 ns
tockMPWL Clock Minimum Pulse Width Low for the Output Data Register 0.41 046 | 0.54 | 0.65 ns

Note: For specific junction temperature and voltage-supply levels, refer to Table 3-6 on page 3-4 for derating values.
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Output Enable Register
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Figure 3-28 ¢ Output Enable Register Timing Diagram
Timing Characteristics

Table 3-84 « Output Enable Register Propagation Delays
Commercial-Case Conditions: T = 70°C, Worst Case V¢ = 1.425 V

Parameter Description -2 -1 [ Std. | -F | Units
toEcLkQ Clock-to-Q of the Output Enable Register 0.63 1 0.71 | 0.84 | 1.01 ns
torsup Data Setup time for the Output Enable Register 0.43 | 0.49 | 0.57 | 0.69 ns
toEHD Data Hold time for the Output Enable Register 0.00 | 0.00 | 0.00 | 0.00 ns
toESUE Enable Setup time for the Output Enable Register 0.43 1 0.49 [ 0.57 | 0.69 ns
tOEHE Enable Hold time for the Output Enable Register 0.00 | 0.00 | 0.00 | 0.00 ns
toECLR2Q Asynchronous Clear-to-Q of the Output Enable Register 0.63 [ 0.71 | 0.84 | 1.01 ns
toEPRE2Q Asynchronous Preset-to-Q of the Output Enable Register 0.45 | 0.51 [ 0.60 | 0.72 ns
tOEREMCLR Asynchronous Clear Removal time for the Output Enable Register 0.00 | 0.00 | 0.00 | 0.00 ns
tOERECCLR Asynchronous Clear Recovery time for the Output Enable Register 0.22 | 0.25 [ 0.30 | 0.36 ns
tOEREMPRE Asynchronous Preset Removal time for the Output Enable Register 0.00 | 0.00 | 0.00 | 0.00 ns
tOERECPRE Asynchronous Preset Recovery time for the Output Enable Register 0.22 | 0.25 [ 0.30 | 0.36 ns
toRWCLR Asynchronous Clear Minimum Pulse Width for the Output Enable Register 0.25 [ 0.28 | 0.33 | 0.40 ns
tOEWPRE Asynchronous Preset Minimum Pulse Width for the Output Enable Register 0.25 ] 0.28 [ 0.33 | 0.40 ns
tOECKMPWH Clock Minimum Pulse Width High for the Output Enable Register 0.36 | 0.41 | 0.48 | 0.58 ns
tOECKMPWL Clock Minimum Pulse Width Low for the Output Enable Register 0.41 ] 0.46 | 0.54 | 0.65 ns

Note: For specific junction temperature and voltage-supply levels, refer to Table 3-6 on page 3-4 for derating values.
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DDR Module Specifications

Input DDR Module
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! FF1 !
| D i
\B E!  OutQRr
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CLKBUF | FF2 !
|
INBUF i i
DDR_IN i

Figure 3-29 e Input DDR Timing Model

Table 3-85  Parameter Definitions

Parameter Name Parameter Definition Measuring Nodes (From, To)
tDDRICLKQ1 Clock-to-Out Out_QR B, D
tbDRICLKQ2 Clock-to-Out Out_QF B, E
tDDRISUD Data Setup time of DDR input A, B
tDDRIHD Data Hold time of DDR input A, B
tDDRICLR2Q1 Clear-to-Out Out_QR D
tDDRICLR2Q2 Clear-to-Out Out_QF CE
tDDRIREMCLR Clear Removal C.B
tDDRIRECCLR Clear Recovery C.B
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Figure 3-30 e Input DDR Timing Diagram

Timing Characteristics

Table 3-86 * Input DDR Propagation Delays
Commercial-Case Conditions: T, = 70°C, Worst Case Vcc = 1.425 V

Parameter Description -2 -1 Std. -F Units
tDDRICLKQ1 Clock-to-Out Out_QR for Input DDR 0.63 0.71 0.84 1.01 ns
tDDRICLKQ2 Clock-to-Out Out_QF for Input DDR 0.63 0.71 0.84 1.01 ns
tDDRISUD Data Setup for Input DDR 0.53 0.61 0.71 0.86 ns
tDDRIHD Data Hold for Input DDR 0.00 0.00 0.00 0.00 ns
tDDRICLR2Q1 Asynchronous Clear to Out Out_QR for Input DDR 0.57 0.65 0.76 0.91 ns
tDDRICLR2Q2 Asynchronous Clear-to-Out Out_QF for Input DDR 0.57 0.65 0.76 0.91 ns
{DDRIREMCLR Asynchronous Clear Removal time for Input DDR 0.00 0.00 0.00 0.00 ns
{DDRIRECCLR Asynchronous Clear Recovery time for Input DDR 0.22 0.25 0.30 0.36 ns
{DDRIWCLR Asynchronous Clear Minimum Pulse Width for Input DDR ns
tDDRICKMPWH Clock Minimum Pulse Width High for Input DDR ns
tDDRICKMPWL Clock Minimum Pulse Width Low for Input DDR ns
FDDRIMAX Maximum Frequency for Input DDR MHz

Note: For specific junction temperature and voltage-supply levels, refer to Table 3-6 on page 3-4 for derating values.
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Figure 3-31 e Output DDR Timing Model

Table 3-87 ¢ Parameter Definitions

Parameter Name Parameter Definition Measuring Nodes (From, To)
tbprOCLKQ Clock-to-Out B, E
tDPROCLR2Q Asynchronous Clear-to-Out C E
{DDROREMCLR Clear Removal CB
{DDRORECCLR Clear Recovery C B
tbprOSUD1 Data Setup Data_F A B
tDDROSUD2 Data Setup Data_R D, B
tDDROHD1 Data Hold Data_F A, B
tDDROHD2 Data Hold Data_R D,B
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Figure 3-32 e Output DDR Timing Diagram

Timing Characteristics

Table 3-88 * Output DDR Propagation Delays
Commercial-Case Conditions: Ty = 70°C, Worst Case V¢ = 1.425 V

Parameter Description -2 -1 Std. -F Units
tDDROCLKQ Clock-to-Out of DDR for Output DDR 063 | 0.71 0.84 | 1.01 ns
tDDROSUD1 Data_F Data Setup for Output DDR 0.43 0.49 0.57 0.69 ns
tDDROSUD2 Data_R Data Setup for Output DDR 0.43 0.49 0.57 0.69 ns
{DDROHD 1 Data_F Data Hold for Output DDR 0.00 | 0.00 | 0.00 | 0.00 ns
tDDROHD2 Data_R Data Hold for Output DDR 0.00 | 0.00 | 0.00 | 0.00 ns
tDDROCLR2Q Asynchronous Clear-to-Out for Output DDR 0.57 0.65 | 0.76 | 0.91 ns
{DDROREMCLR Asynchronous Clear Removal time for Output DDR 0.00 | 0.00 | 0.00 | 0.00 ns
tDDRORECCLR Asynchronous Clear Recovery time for Output DDR 0.22 0.25 0.30 | 0.36 ns
{DDROWCLR1 Asynchronous Clear Minimum Pulse Width for Output DDR ns
tporockmpwH | Clock Minimum Pulse Width High for the Output DDR ns
toprockmpwe | Clock Minimum Pulse Width Low for the Output DDR ns
Fobomax Maximum Frequency for the Output DDR MHz

Note: For specific junction temperature and voltage-supply levels, refer to Table 3-6 on page 3-4 for derating values.

Advanced v0.5

3-59



| ProASIC3E Flash Family FPGAs

VersaTile Characteristics

VersaTile Specifications as a Combinatorial Module

The ProASIC3E library offers all combinations of LUT-3 combinatorial functions. In this section timing characteristics are
presented for a sample of the library. For more details, refer to the ProASIC3/E Macro Library Guide.
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Figure 3-33 ¢ Sample of Combinatorial Cells
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Figure 3-34 ¢ Timing Model and Waveforms
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Timing Characteristics

Table 3-89 ¢ Combinatorial Cell Propagation Delays
Commercial-Case Conditions: T = 70°C, Worst Case V¢ = 1.425 V

Combinatorial Cell Equation Parameter -2 -1 Std. -F Units
INV Y=IA tpp 0.40 0.45 0.53 0.64 ns
AND2 Y=A-B tpp 0.46 0.52 0.62 0.74 ns
NAND2 Y=1A"-B) tpp 0.46 0.52 0.62 0.74 ns
OR2 Y=A+B tpp 0.47 0.54 0.63 0.76 ns
NOR2 Y =1(A+B) tpp 0.47 0.54 0.63 0.76 ns
XOR2 Y=ADB tpp 0.72 0.82 0.96 1.15 ns
MAJ3 Y =MAJ(A,B, Q) tpp 0.67 0.76 0.90 1.08 ns
XOR3 Y=A®B®C tpp 0.85 0.97 1.14 1.37 ns
MUX2 Y=AIS+BS tpp 0.49 0.56 0.65 0.79 ns
AND3 Y=A-B-C tpp 0.54 0.62 0.73 0.87 ns

Note: For specific junction temperature and voltage-supply levels, refer to Table 3-6 on page 3-4 for derating values.

VersaTile Specifications as a Sequential Module

The ProASIC3E library offers a wide variety of sequential cells including flip-flops and latches. Each have a data input
and optional enable, clear, or preset. In this section, timing characteristics are presented for a representative sample
from the library. For more details, refer to the ProASIC3/E Macro Library Guide.
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Data Out Data Out
— D Q D Q
DFN1C1 Enf DFI1E1PY
LK N CLK S
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Figure 3-35 ¢ Sample of Sequential Cells
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Figure 3-36 ¢ Timing Model and Waveforms
Timing Characteristics
Table 3-90 e Register Delays
Commercial-Case Conditions: T) = 70°C, Worst Case V¢ = 1.425V
Parameter Description -2 -1 Std. -F Units
tcikq Clock-to-Q of the Core Register 0.54 0.61 0.72 0.86 ns
tsup Data Setup time for the Core Register 0.40 0.46 0.54 0.65 ns
thp Data Hold time for the Core Register 0.00 0.00 0.00 0.00 ns
tsuE Enable Setup time for the Core Register 0.43 0.49 0.57 0.69 ns
tHE Enable Hold time for the Core Register 0.00 0.00 0.00 0.00 ns
tclr2Q Asynchronous Clear-to-Q of the Core Register 0.40 0.45 0.53 0.64 ns
terE2Q Asynchronous Preset-to-Q of the Core Register 0.40 0.45 0.53 0.64 ns
tREMCLR Asynchronous Clear Removal time for the Core Register 0.00 0.00 0.00 0.00 ns
tRECCLR Asynchronous Clear Recovery time for the Core Register 0.22 0.25 0.30 0.36 ns
tREMPRE Asynchronous Preset Removal time for the Core Register 0.00 0.00 0.00 0.00 ns
tRECPRE Asynchronous Preset Recovery time for the Core Register 0.22 0.25 0.30 0.36 ns
twclr Asynchronous Clear Minimum Pulse Width for the Core Register 0.25 0.28 0.33 0.40 ns
tWPRE Asynchronous Preset Minimum Pulse Width for the Core Register 0.25 0.28 0.33 0.40 ns
tekMPWH Clock Minimum Pulse Width High for the Core Register 0.36 0.41 0.48 0.58 ns
tekmPwL Clock Minimum Pulse Width Low for the Core Register 0.41 0.46 0.54 0.65 ns

Note: For specific junction temperature and voltage-supply levels, refer to Table 3-6 on page 3-4 for derating values.
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Global Resource Characteristics

A3PE600 Clock Tree Topology

Clock delays are device-specific. Figure 3-37 is an example of a global tree used for clock routing. The global tree

presented in Figure 3-37 is driven by a CCC located on the west side of the A3PE600 device. It is used to drive all D-flip-
flops in the device.

P Central
cc[>c P Global Rib
0 0 () 0 0 ) L~ VersaTile
i / Rows

|~

|- Global Spine

Figure 3-37 ¢ Example of Global Tree Use in an A3PE600 Device for Clock Routing
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Global Tree Timing Characteristics

Global clock delays include the central rib delay, the spine delay, and the row delay. Delays do not include I/0 input
buffer clock delays, as these are I/0 standard dependent and the clock may be driven and conditioned internally by the
CCC module. For more details on clock conditioning capabilities, please refer to the "Clock Conditioning Circuits"
section on page 2-13. Table 3-91, Table 3-92, and Table 3-93 on page 3-66 present minimum and maximum global clock
delays within the device. Minimum and maximum delays are measured with minimum and maximum loading.

Timing Characteristics

YActel

ProASIC3E Flash Family FPGAs

Table 3-97 e A3PE600 Global Resource
Commercial-Case Conditions: T) = 70°C, Vcc = 1.425 V
-2 -1 Std. -F

Parameter Description Min." Max.2| Min." Max.2| Min." Max.2 | Min." Max.2 |Units
tRCKL Input Low Delay for Global Clock 0.83 1.04 | 094 1.18 1.11 1.39 1.33 1.67 ns
tRCKH Input High Delay for Global Clock 0.81 1.06 | 0.93 1.21 1.09 1.42 1.31 1.71 ns
trRckmpwH  [Minimum  Pulse Width High for Global ns

Clock
trckvpwe  [Minimum  Pulse Width Low for Global ns

Clock
tRCKSW Maximum Skew for Global Clock 0.25 0.28 0.33 0.40 ns
Frvax Maximum Frequency for Global Clock MHz
Notes:

1. Value reflects minimum load. The delay is measured from the CCC output to the clock pin of a sequential element, located in a
lightly loaded row (single element is connected to the global net).
2. Value reflects maximum load. The delay is measured on the clock pin of the farthest sequential element, located in a fully loaded row
(all available flip-flops are connected to the global net in the row).

3. For specific junction temperature and voltage-supply levels, refer to Table 3-6 on page 3-4 for derating values.

Table 3-92 « A3PE1500 Global Resource
Commercial-Case Conditions: T) = 70°C, Vcc = 1.425 V
-2 -1 Std. -F

Parameter Description Min." Max.2| Min." Max.2 | Min." Max.2 | Min." Max.2 |Units
tRCKL Input Low Delay for Global Clock 1.07 1.29 1.22 1.47 1.43 1.72 1.72 2.07 ns
tRCKH Input High Delay for Global Clock 1.06 1.32 1.21 1.50 1.42 1.76 1.71 2.12 ns
trckmpwH  [(Minimum  Pulse Width High for Global ns

Clock
trckmpwl  |Minimum  Pulse Width Low for Global ns

Clock
tRCKSW Maximum Skew for Global Clock 0.26 0.29 0.34 0.41 ns
FrRMAX Maximum Frequency for Global Clock MHz
Notes:

1. Value reflects minimum load. The delay is measured from the CCC output to the clock pin of a sequential element, located in a
lightly loaded row (single element is connected to the global net).
2. Value reflects maximum load. The delay is measured on the clock pin of the farthest sequential element, located in a fully loaded row
(all available flip-flops are connected to the global net in the row).

3. For specific junction temperature and voltage-supply levels, refer to Table 3-6 on page 3-4 for derating values.
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Table 3-93  A3PE3000 Global Resource
Commercial-Case Conditions: Ty = 70°C, Vcc = 1.425 V
-2 -1 Std. -F

Parameter Description Min." Max.2| Min." Max.2 | Min." Max.2 | Min." Max.? |Units
tRCKL Input Low Delay for Global Clock 1.41 1.62 1.60 1.85 1.88 217 | 226 261 ns
tRCKH Input High Delay for Global Clock 140  1.66 1.59 1.89 1.87 222 | 225 266 ns
trekmpwH  [Minimum: Pulse Width High for Global ns

Clock
trekmpwl  [Minimum  Pulse Width Low for Global ns

Clock
tRCKSW Maximum Skew for Global Clock 0.26 0.29 0.35 0.41 ns
Frvax Maximum Frequency for Global Clock MHz
Notes:

1. Value reflects minimum load. The delay is measured from the CCC output to the clock pin of a sequential element, located in a lightly
loaded row (single element is connected to the global net).

2.

(all available flip-flops are connected to the global net in the row).

For specific junction temperature and voltage-supply levels, refer to Table 3-6 on page 3-4 for derating values.

Value reflects maximum load. The delay is measured on the clock pin of the farthest sequential element, located in a fully loaded row
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Embedded SRAM and FIFO Characteristics

SRAM
RAM4K9 RAM512X18
—| ADDRA11 DOUTAS—  — RADDRS RD17 —
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Figure 3-38 ¢« RAM Models
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Timing Waveforms
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Figure 3-39 ¢ RAM Read for Pass-Through Output
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Figure 3-40  RAM Read for Pipelined Output
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DI

DI,

DO

Figure 3-41 « RAM Write, Output Retained (WMODE = 0)
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Figure 3-42 ¢ RAM Write, Output as Write Data (WMODE = 1)
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l< als

aop1 SOK Py XXXRKX A XXX A XXX
I<tDS= :tDH=

o K p KXXXK B3 XKKKK By XXX
tyng

ae N TN N T

tas | tan
ao02 T A x><><><>|2_7_§|<><><><x XXX
02 <_tx>°<>4&
5 DD 00T S T 0706 ¢
(pass-through) L 0 1

DO2 ka2
(Pipelined) D, 01010“01‘10

Figure 3-43 e One Port Write/Other Port Read Same
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Figure 3-44 ¢ RAM Reset
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Table 3-94 « RAMA4K9

Commercial-Case Conditions: T = 70°C, Worst Case V¢ = 1.425 V
Parameter Description -2 -1 Std. -F Units
tas Address Setup time 0.30 0.34 0.40 0.48 ns
tAH Address Hold time 0.00 0.00 0.00 0.00 ns
tEns REN_B,WEN_B Setup time 0.20 0.22 0.26 0.32 ns
tENH REN_B, WEN_B Hold time 0.03 0.03 0.04 0.05 ns
tgks BLK_B Setup time 0.29 0.33 0.39 0.47 ns
takH BLK_B Hold time 0.00 0.00 0.00 0.00 ns
tps Input data (DI) Setup time 0.24 0.27 0.32 0.38 ns
toH Input data (DI) Hold time 0.00 0.00 0.00 0.00 ns
tekqr Clock High to New Data Valid on DO (output retained, WMODE = 0) 1.58 1.80 2.1 2.54 ns

Clock High to New Data Valid on DO (pass-through, WMODE = 1) 2.12 2.42 2.84 3.42 ns
tekq2 Clock HIGH to New Data Valid on DO (pipelined) 0.69 0.79 0.93 1.12 ns
tRsTBQ RESET_B Low to Data Out Low on DO (pass-through) 0.82 0.94 1.10 1.32 ns

RESET_B Low to Data Out Low on DO (pipelined) 0.82 0.94 1.10 1.32 ns
tREMRSTB RESET_B Removal 0.31 0.35 0.41 0.49 ns
tRECRSTB RESET_B Recovery 1.38 1.56 1.84 2.21 ns
tMPWRSTB RESET_B Minimum Pulse Width 0.20 0.23 0.27 0.33 ns
teve Clock Cycle time 1.96 2.22 2.61 3.14 ns
Note: for specific junction temperature and voltage-supply levels, refer to Table 3-6 on page 3-4 for derating values.
Table 3-95 ¢ RAM512X18

Commercial-Case Conditions: T = 70°C, Worst Case V¢ = 1.425 V
Parameter Description -2 -1 Std. -F Units
tas Address Setup time 0.30 0.34 0.40 0.48 ns
tAH Address Hold time 0.00 0.00 0.00 0.00 ns
tens REN_B,WEN_B Setup time 0.24 0.28 0.32 0.39 ns
tENH REB_B, WEN_B Hold time 0.00 0.00 0.00 0.00 ns
tps Input data (DI) Setup time 0.22 0.25 0.30 0.36 ns
toH Input data (DI) Hold time 0.00 0.00 0.00 0.00 ns
tekQ1 Clock High to New Data Valid on DO (output retained, WMODE =0)| 1.93 2.19 2.58 3.10 ns
tekqz Clock High to New Data Valid on DO (pipelined) 0.70 0.79 0.93 1.12 ns
tRsTBQ RESET_B Low to Data Out Low on DO (pass-through) 0.82 0.94 1.10 1.32 ns

RESET_B Low to Data Out Low on DO (pipelined) 0.82 0.94 1.10 1.32 ns
tREMRSTS RESET_B Removal 0.31 0.35 0.41 0.49 ns
tRECRSTB RESET_B Recovery 1.38 1.56 1.84 2.21 ns
tMPWRSTB RESET_B Minimum Pulse Width 0.20 0.23 0.27 0.33 ns
teve Clock Cycle time 1.96 2.22 2.61 3.14 ns
Note: For specific junction temperature and voltage-supply levels, refer to Table 3-6 on page 3-4 for derating values.
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FIFO
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Figure 3-45 ¢ FIFO Model
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Timing Waveforms
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Figure 3-46 e FIFO Reset
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Figure 3-47 * FIFO EMPTY Flag and AEMPTY Flag Assertion
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Figure 3-48 ¢ FIFO FULL Flag and AFULL Flag Assertion
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Figure 3-49  FIFO EMPTY Flag and AEMPTY Flag Deassertion
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Figure 3-50 * FIFO FULL Flag and AFULL Flag Deassertion

Timing Characteristics

Table 3-96 ¢ FIFO
Commercial-Case Conditions: T) = 70°C, Vcc = 1.425 V

Parameter Description -2 -1 Std. -F Units
tens REN_B,WEN_B Setup time 0.28 0.32 0.38 0.45 ns
tENH REN_B, WEN_B Hold time 0.00 0.00 0.00 0.00 ns
teks BLK_B Setup time 0.25 0.29 0.34 0.40 ns
takH BLK_B Hold time 0.00 0.00 0.00 0.00 ns
tps Input data (DI) Setup time 0.22 0.25 0.30 0.36 ns
tbH Input data (DI) Hold time 0.00 0.00 0.00 0.00 ns
tekar Clock High to New Data Valid on DO (pass-through) 2.12 2.42 2.84 3.42 ns
tekaQe Clock High to New Data Valid on DO (pipelined) 0.69 0.79 0.93 1.12 ns
tRCKEF RCLK High to Empty Flag Valid 1.53 1.74 2.05 2.46 ns
tWCKEF WCLK High to Full Flag Valid 1.45 1.65 1.94 2.33 ns
tekar Clock High to Almost Empty/Full Flag Valid 3.50 3.99 4.69 5.63 ns
trRsTEG RESET_B Low to Empty/Full Flag valid 1.55 1.77 2.08 2.49 ns
tRsTAF RESET_B Low to Almost-Empty/Full Flag Valid 3.43 3.91 4.59 5.52 ns
tRsTBQ RESET_B Low to Data out Low on DO (pass-through) 0.82 0.94 1.10 1.32 ns
RESET_B Low to Data out Low on DO (pipelined) 0.82 0.94 1.10 1.32 ns
tREMRSTB RESET_B Removal 0.30 0.34 0.40 0.48 ns
tRECRSTB RESET_B Recovery 1.35 1.53 1.80 2.17 ns
tMPWRSTB RESET_B Minimum Pulse Width 0.20 0.23 0.27 0.32 ns
teve Clock Cycle time 1.94 2.20 2.59 3.11 ns

Note: for specific junction temperature and voltage-supply levels, refer to Table 3-6 on page 3-4 for derating values.
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Embedded FlashROM Characteristics
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Figure 3-51 e Timing Diagram

Timing Characteristics
Table 3-97 ¢ Embedded FlashROM Access Time

Parameter Description -2 -1 Std. Units
tsy Address setup Time TBD TBD TBD ns
tHoLp Address Hold Time TBD TBD TBD ns
tekaq Clock to out TBD TBD TBD ns
IVIN% Maximum Clock frequency TBD TBD TBD Mhz

JTAG 1532 Characteristics

JTAG timing delays do not include JTAG 1/Os. To obtain complete JTAG timing, add I/O buffer delays to the
corresponding standard selected, refer to the I/0 Timing characteristics for more details.

Timing Characteristics

Table 3-98 » JTAG 1532
Commercial-Case Conditions: Ty = 70°C, V¢ = 1.425 V

Parameter Description -2 -1 Std. Units
toisu Test Data Input Setup Time ns
tDIHD Test Data Input Hold Time ns
trmssu Test Mode Select Setup Time ns
tTMDHD Test Mode Select Hold Time ns
trck2q Clock to Q (Data Out) ns
tRsTB2Q Reset to Q (Data Out) ns
Frekmax TCK maximum frequency 20 20 20 MHz
tTRSTREM ResetB Removal time ns
tTRSTREC ResetB Recovery time ns
tTRSTMPW ResetB minimum pulse ns

Note: For specific junction temperature and voltage-supply levels, refer to Table 3-6 on page 3-4 for derating values.
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