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Introduction to Thermal Management Ways to Reduce Junction Temperature

Thermal considerations are rarely an issue with low-
density PLDs such as the Lattice Semiconductor GAL
products, however, high-density PLDs often require
consideration of thermal issues as part of any sound
design methodology. To avoid reliability problems, Lattice
Semiconductor specifies a maximum allowable junction
temperature of 150 °C for its ispLSI and pLSI devices.
The system designer should always complete a thermal
analysis of their specific design to ensure that this
temperature is not exceeded.

In addition to the device and package, the thermal
characteristics of a circuit depend on the operating
temperature, device power consumption, and the ability
of the system to dissipate heat. The maximum junction
temperature of a device can be calculated as shown:

TJ = TA + POWQI’*GJA
or
TJ = TC + Power *GJC

Where :
T; = Junction Temperature of the Device

T, = Ambient Temperature
Tc = Case Temperature
8J, = Junction-to-Air Thermal Resistance (seetable

at the end of this section)
8Jc = Case-to-Air Thermal Resistance (see table at
the end of this section)
Power = ICC * Vcc
Icc may be estimated as showninthe “Power Consumption”
section of the individual data sheets. The parametersin
the lcc equation may be found in the report file from the
pDS or pDS+ development systems.

If the calculated T; max exceeds 150°C, refer to the
following hints to reduce overall power dissipation and
package temperature.

1. Increase air flow in the system to reduce the case or
ambient temperature.

2. Reduce power in one of the following ways:

a. Reduce net utilization. Internal net utilization
can be reduced by combining common input
functions of the application into one logic
block (GLB) The group feature of the pDS+
Fitter can be used to accomplish this task.

b. Reduce the number of product terms (PT).
The number of product terms can be reduced
by either re-partitioning the device into multiple
devices or carefully selecting how the logic
function is implemented. For example,
implementing a counter in a sum-of-product
configuration will utilize more PT’s than in an
XOR implementation.

c. Reduce the frequency of operation. ispLSI
and pLSI architectures provide flexibility to
control clock polarity to potentially reduce the
overall clock speed.

3. Where possible, make use of the output slew rate
control to reduce the output switching current of the
device.

4. Make sure that programmable pull-ups are enabled to
drive unused inputs to a proper logic level.
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Package Thermal Resistance

The following tables provide information on the package
thermal resistance of Lattice Semiconductor (LSC)
commercial and industrial grade devices. Forinformation
on the package thermal resistance of LSC military grade
devices, please refer to “MIL-M-38510, Appendix C.”

Testing was performed per SEMI TEST METHOD G38-
87. “Still and Forced-Air Junction-to-Ambient Thermal
Resistance Measurements of IC Packages” with devices
mounted on a thermal test board conforming to SEMI
SPECIFICATION G42-88: “Thermal Test Board
Standardization for Measuring Junction-to-Ambient
Thermal Resistance of Semiconductor Packages.”

Table 1. Package Thermal Resistance for ispLSI and pLSI Products

(SN2 (SN (SN Q1A
Package Pin Count |2-Layer Board|2-Layer Board |4-Layer Board|4-Layer Board Bic
(Still Air) (225 Ifpm) (Still Air) (225 Ifpm)
44-pin 50 42 425 35 16
PLCC 68-pin 45 37 38 31 13
84-pin 42 34 36 29 12
JLee 44-pin 69 — — —
68-pin 52 — — — 3
120-pin 40 32 32 26 11
PQFP 128-pin 40 32 32 26 11
160-pin 33 24 34 20 8
44-pin 80 70 65 57 19
48-pin 80 71 68 58 17
TQFP 100-pin 64 53 52 43 22
128-pin 60 50 51 42 24
176-pin 45 35 35 28 8
160-pin — — 20 — 2
208-pin — — 17 — 2
MQFP -
240-pin — — 16 — 2
304-pin — — 14 — 2
84-pin 38 — — — 3
CPGA 133-pin 26 — — — 2
167-pin 25 — — — 2
Table 2. Package Thermal Resistance for GAL, ispGAL and ispGDS Products
. (SA7
Package Pin Count 2-Layer Board (Still Air) Bac
20-pin 67 30
Plastic DIP 24-pin 65 25
28-pin 52 23
bLCC 20—p?n 67 25
28-pin 56 23
SOIC 20-pin 85 18
SSOP 28-pin 105 —
20-pin 62 10
Ceramic DIP 24-pin 60 10
28-pin 58 10
L 20-p?n 65
28-pin 62
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Copyright © 1996 Lattice Semiconductor Corporation.

E2CMOS, GAL, ispGAL, ispLSl, pLSI, pDS, Silicon Forest, UltraMOS, Lattice Logo, L with Lattice Semiconductor Corp. and L
(Stylized) are registered trademarks of Lattice Semiconductor Corporation (LSC). The LSC Logo, Generic Array Logic, In-
System Programmability, In-System Programmable, ISP, ispATE, ispCODE, ispDOWNLOAD, ispGDS, ispStarter,
iISpSTREAM, ispTEST, ispTURBO, Latch-Lock, pDS+, RFT, Total ISP and Twin GLB are trademarks of Lattice Semiconductor
Corporation. ISP is a service mark of Lattice Semiconductor Corporation. All brand names or product names mentioned are
trademarks or registered trademarks of their respective holders.

Lattice Semiconductor Corporation (LSC) products are made under one or more of the following U.S. and international
patents: 4,761,768 US, 4,766,569 US, 4,833,646 US, 4,852,044 US, 4,855,954 US, 4,879,688 US, 4,887,239 US, 4,896,296
Us, 5,130,574 US, 5,138,198 US, 5,162,679 US, 5,191,243 US, 5,204,556 US, 5,231,315 US, 5,231,316 US, 5,237,218 US,
5,245,226 US, 5,251,169 US, 5,272,666 US, 5,281,906 US, 5,295,095 US, 5,329,179 US, 5,331,590 US, 5,336,951 US,
5,353,246 US, 5,357,156 US, 5,359,573 US, 5,394,033 US, 5,394,037 US, 5,404,055 US, 5,418,390 US, 5,493,205 US,
0194091 EP, 0196771B1 EP, 0267271 EP, 0196771 UK, 0194091 GB, 0196771 WG, P3686070.0-08 WG. LSC does not
represent that products described herein are free from patent infringement or from any third-party right.

The specifications and information herein are subject to change without notice. Lattice Semiconductor Corporation (LSC)
reserves the right to discontinue any product or service without notice and assumes no obligation to correct any errors
contained herein or to advise any user of this document of any correction if such be made. LSC recommends its customers
obtain the latest version of the relevant information to establish, before ordering, that the information being relied upon is
current.

LSC warrants performance of its products to current and applicable specifications in accordance with LSC’s standard
warranty. Testing and other quality control procedures are performed to the extent LSC deems necessary. Specific testing of
all parameters of each product is not necessarily performed, unless mandated by government requirements.

LSC assumes no liability for applications assistance, customer’s product design, software performance, or infringements of
patents or services arising from the use of the products and services described herein.

LSC products are not authorized for use in life-support applications, devices or systems. Inclusion of LSC products in such
applications is prohibited.
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