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Understanding Embedded - CPLDs (Complex
Programmable Logic Devices)

Embedded - CPLDs, or Complex Programmable Logic
Devices, are highly versatile digital logic devices used in
electronic systems. These programmable components are
designed to perform complex logical operations and can
be customized for specific applications. Unlike fixed-
function ICs, CPLDs offer the flexibility to reprogram their
configuration, making them an ideal choice for various
embedded systems. They consist of a set of logic gates anc
programmable interconnects, allowing designers to
implement complex logic circuits without needing custom
hardware.

Applications of Embedded - CPLDs

Obsolete

In-System Reprogrammable™ (ISR™) CMOS
10 ns

4.75V ~ 5.25vV

64

69

0°C ~ 70°C (TA)
Surface Mount
100-LQFP
100-TQFP (14x14)
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Figure 1. Logic Block with 50% Buried Macrocells

Low-Power Option

Each logic block can operate in high-speed mode for critical
path performance, or in low-power mode for power conser-
vation. The logic block mode is set by the user on a logic block
by logic block basis.

Product Term Allocator

Through the product term allocator, software automatically
distributes product terms among the 16 macrocells in the logic
block as needed. A total of 80 product terms are available from
the local product term array. The product term allocator
provides two important capabilities without affecting perfor-
mance: product term steering and product term sharing.

Product Term Steering

Product term steering is the process of assigning product
terms to macrocells as needed. For example, if one macrocell
requires ten product terms while another needs just three, the
product term allocator will “steer” ten product terms to one
macrocell and three to the other. On Ultra37000 devices,
product terms are steered on an individual basis. Any number
between 0 and 16 product terms can be steered to any
macrocell. Note that 0 product terms is useful in cases where
a particular macrocell is unused or used as an input register.

Product Term Sharing

Product term sharing is the process of using the same product
term among multiple macrocells. For example, if more than
one output has one or more product terms in its equation that
are common to other outputs, those product terms are only
programmed once. The Ultra37000 product term allocator
allows sharing across groups of four output macrocells in a
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variable fashion. The software automatically takes advantage
of this capability—the user does not have to intervene.

Note that neither product term sharing nor product term
steering have any effect on the speed of the product. All
worst-case steering and sharing configurations have been
incorporated in the timing specifications for the Ultra37000
devices.

Ultra37000 Macrocell

Within each logic block there are 16 macrocells. Macrocells
can either be I/O Macrocells, which include an 1/0O Cell which
is associated with an I/O pin, or buried Macrocells, which do
not connect to an I/0. The combination of I/O Macrocells and
buried Macrocells varies from device to device.

Buried Macrocell

Figure 2 displays the architecture of buried macrocells. The
buried macrocell features a register that can be configured as
combinatorial, a D flip-flop, a T flip-flop, or a level-triggered
latch.

The register can be asynchronously set or asynchronously
reset at the logic block level with the separate set and reset
product terms. Each of these product terms features program-
mable polarity. This allows the registers to be set or reset
based on an AND expression or an OR expression.

Clocking of the register is very flexible. Four global
synchronous clocks and a product term clock are available to
clock the register. Furthermore, each clock features program-
mable polarity so that registers can be triggered on falling as
well as rising edges (see the Clocking section). Clock polarity
is chosen at the logic block level.
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Ultra37000 CPLD Family
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Logic Block Diagrams (continued)
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Logic Block Diagrams (continued)
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CYPRESS
Inductancel®
44-1 ead|44-Lead|44-Lead|84-Lead|84-Lead| 100Lead | 160-Lead | 208-Lead
Parameter | Description | Test Conditions | TQFP | PLCC | CLCC | PLCC | CLCC | TQFP | TQFP | PQFP |Unit
L Maximum Pin [V = 5.0V 2 5 2 8 5 8 9 11 nH
Inductance |atf=1MHz
Capacitancel
Parameter Description Test Conditions Max. Unit
Cio Input/Output Capacitance ViN=5.0Vatf=1MHzat Ty =25°C 10 pF
Ccik Clock Signal Capacitance ViNn=5.0Vatf=1MHzat Ty =25°C 12 pF
Cop Dual-Function Pinsl®! VN =5.0V atf=1MHzat Ty =25°C 16 pF
Endurance Characteristics®
Parameter Description Test Conditions Min. Typ. Unit
N Minimum Reprogramming Cycles Normal Programming Conditions!] 1,000 10,000 Cycles
3.3V Device Characteristics DC Voltage Applied to Outputs
Maximum Ratings in High-Z State..........cocooe —0.5V to +7.0V
) ] ) ] ) DC Input Voltage ...........ccccoeiiiiiiiiiiiice —0.5V to +7.0V
fﬁggvﬁc\)’:?fs?etgi usefullife may be impaired. For user guide- DC Program Voltage..........ccevovreenenieneeeene e 3.0to 3.6V
Storage TemPerature ...........ooow.orvverreee. _65°C to +150°C gurrent iNt0 OULPULS ..o (Ejor:A
; ; tatic Discharge Voltage............ccccoviiiiiiiiincnen, > 2001V
o hoptes scto vz (per MILSTD-GES Method 3015
Supply Voltage to Ground Potential ............... 0.5V to +4.6V Latch-up Current..........oooeeiiiieiieeeee e > 200 mA
Operating Rangel?
Range Ambient Temperature!?] Junction Temperature Vel
Commercial 0°C to +70°C 0°C to +90°C 3.3V 0.3V
Industrial —40°C to +85°C —40°C to +105°C 3.3V 0.3V
Military[°] -55°C to +125°C -55°C to +130°C 3.3V 0.3V
3.3V Device Electrical Characteristics Over the Operating Range
Parameter Description Test Conditions Min. Max. Unit
Vou Output HIGH Voltage Vee =Min.  [lgy = —4 mA (Com’l)l 2.4 v
lon = =3 mA (Mil)i*]
VoL Output LOW Voltage Voo = Min. [lg. =8 mA (Com’l)i*] 0.5 v
loL = 6 mA (Mil)i4]
Vi Input HIGH Voltage Guaranteed Input Logical HIGH Voltage for 2.0 55 \%
all Inputsl’!
VL Input LOW Voltage Guaranteed Input Logical LOW Voltage for | —0.5 0.8 \%
all Inputsl’!
lix Input Load Current V|, = GND OR V¢, Bus-Hold Disabled -10 10 pA
loz Output Leakage Current Vo = GND or V¢, Output Disabled, -50 50 pA
Bus-Hold Disabled
los Output Short Circuit Current!® 8l Ve = Max., Vour = 0.5V 30 | -160 | mA
IgHL Input Bus-Hold LOW Sustaining Current V¢ = Min., V| = 0.8V +75 pA
IBHH Input Bus-Hold HIGH Sustaining Current|{V¢¢ = Min., Vi = 2.0V -75 pA
IsHLO Input Bus-Hold LOW Overdrive Current V¢ = Max. +500 pA
IsHHO Input Bus-Hold HIGH Overdrive Current V¢ = Max. -500 pA
Notes:

9. Dual pins are /O with JTAG pins.
10. For CY37064VP100-143AC, CY37064VP100-143BBC, CY37064VP44-143AC, CY37064VP48-143BAC; Operating Range: V¢ is 3.3V+ 0.16V.
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Switching Characteristics Over the Operating Range (continued)!'?]

200 MHz | 167 MHz | 154 MHz | 143 MHz 125 MHz 100 MHz 83 MHz 66 MHz
c X c X| & X c X c X c X : X c %
Parameter s g s g s g s g s g s g s g s g Unit
trol 1o 14 101 12 13 13 14 15 18 21 26 | ns
tpw 8 8 8 8 10 12 15 20 ns
torl ! 10 10 10 10 12 14 17 22 ns
tpol1 > 14 101 12 13 13 14 15 18 21 26 | ns
User Option Parameters
tLp 25 25 25 25 25 25 25 25| ns
tSLEW 3 3 3 3 3 3 3 3 ns
t3 3100 ) 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 | ns
JTAG Timing Parameters
ts JTAG 0 0 0 0 0 0 0 0 ns
tH JTAG 20 20 20 20 20 20 20 20 ns
tco JTAG 20 20 20 20 20 20 20 20 | ns
fiTac 20 20 20 20 20 20 20 20 [MHz
Switching Waveforms
Combinatorial Output
INPUT
[< tep .
COMBINATORIAL
OUTPUT ><><><><><><>k
Registered Output with Synchronous Clocking
INPUT
ts ty
SYNCHRONOUS
cLOCK \ // N—
|- tCO —>
REGISTERED
OUTPUT ><><
t .
co2
REGISTERED
OUTPUT >< ><><><><
| L | twi I
SYNCHRONOUS \l\ J/
CLOCK /
Note:
19. Only applicable to the 5V devices.
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Switching Waveforms (continued)
Registered Output with Product Term Clocking Input Going Through the Array

INPUT

|
tspr thpT
PRODUCT TERM \
CLOCK
tcort
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OUTPUT

Registered Output with Product Term Clocking Input Coming From Adjacent Buried Register

INPUT

|
tispT tivpT
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CLOCK
tcoopt™
REGISTERED >< ><
OUTPUT
Latched Output

INPUT ><

LATCH ENABLE

~ tppL ™ “tco™
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Power Consumption

Typical 5.0V Power Consumption

CY37032
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50
40 |
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<
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Q
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10 |
0 . . . .
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Frequency (MHz)
The typical pattern is a 16-bit up counter, per logic block, with outputs disabled.
Ve = 5.0V, Tp = Room Temperature
CY37064
90
80 |
High Speed
70
60 |
g 501 Low Power
Q
S 40
30
20
10 4
0 20 40 60 80 100 120 140 160 180

Frequency (MHz)

The typical pattern is a 16-bit up counter, per logic block, with outputs disabled.
Vee = 5.0V, Ta = Room Temperature
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Typical 3.3V Power Consumption (continued)

CY37192V
120
High Speed
100 +
80 +
Low Power
<
g 60 +
8
40
20 H
0 T T T T T
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Frequency (MHz)
The typical pattern is a 16-bit up counter, per logic block, with outputs disabled.
Vce = 3.3V, Tp = Room Temperature
CY37256V
140
120 4
High Speed
100 +
Low Power
80 1
<
E
8 /
60 4

40 4

0 20 40 60 80 100 120
Frequency (MHz)

The typical pattern is a 16-bit up counter, per logic block, with outputs disabled.
Vee = 3.3V, Tp = Room Temperature
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Typical 3.3V Power Consumption (continued)

CY37384V
200
180 9 High Speed
160 o
140 -
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(3]
o
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60 +
40 -
20 H
0
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Frequency (MHz)
The typical pattern is a 16-bit up counter, per logic block, with outputs disabled.
Vce = 3.3V, Tp = Room Temperature
CY37512V
250
200 4 High Speed
150 Low Power
<
E
Q
K]
100 1
50 +
0
0 10 20 30 40 50 60 70 80 90

Frequency (MHz)

The typical pattern is a 16-bit up counter, per logic block, with outputs disabled.
V¢ = 3.3V, Tp = Room Temperature
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Pin Configurationsml
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44-pin TQFP (A44)

Top View
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Ultra37000 CPLD Family

400-Ball Fine-Pitch BGA (BB400)
Top View

A [GND [ GND | NC [ 11047 | 11046 | 1044 | #Osg | Vec | VO41 | GND | GND [ 1Oms7 | Vec | VOasg | 1Oas3 | 1032 [ 110250 | NC | GND | GND

B | GND | GND | GND | NC [ 11045 | 11045 | 11055 | Voo | 11040 | GND | GND | 110055 | Ve | 102sg | 110231 [ 10206 | NC | GND | GND | GND

C | NC | GND | GND | GND | 110y | 11045 | 11057 | Vee | 110g | GND | GND [ 110555 | Voo | 110057 | 110,26 | 110245 | GND | GND | GND | NC

D [1WOu | NC | GND [ /0y | /049 | 1/O4g | 1Oss | 1/Ops | 105 | GND | GND [ 1/0gs4 | VO35 | 1Og36 | 110051 | VOsaq | VOm43 | GND | NC [ 10507

E | WO | O4 | Oz | 105 | NC | 1Og5 | 10g | 10s | 10; | 10, [ 10s65 | 10055 | V0g3s | V0gs0 | 110245 | NC [ 10541 | 110245 | 10005 | 10506

F | V04 | 1045 | 04y | 11041 | W04 | NC | 1055 | 1103, | 10g | 1105 | 1/0m6p | 110255 | 110249 | V0247 | 110200 | 110901 | 110240 | 11022 | 110223 | 11024

G | V0s3 | VOsy | VOs; | WOsg | VOsg | VO35 | 1037 | W03y | 105 | 110, [WOss1 | Voo | 1O | VOa17 | 10a1g | Oa1e | Op1p | 10513 | VOp1a | 1015

H | Vec | Voo | Vee | 049 | 1104g | 1035 | TCK | Voo | 103 | 1104 [ 10050 [ 10260 | Vec | TDI [ 10016 | 10210 [ V0211 | Ve | Voo | Vee

J | Osg | UOsg | 1057 | 1Osg | V0ss | 11054 | Ve | 1VOgz | 1060 | 110g | 10255 | 110202 | 110205 | CLK3 | 110204 | 110205 | 10206 | 10267 | 10205 | 110266
Ny

K | GND | GND | GND | GND | 1/0g5 | /064 | CLKg | 1/0g5 | 11051 | GND | GND | 1/04gg | /0499 | CLKj | 110200 | 1101 | GND | GND | GND | GND
Ny Ny

L | GND | GND | GND | GND [ 1/0gg | 11065 | NC | 11067 | 105 | GND | GND | 1045 [ 110195 | 1, | 110466 | 110497 | GND | GND | GND | GND

M | UOgg | IOgg | 110g7 | 110gg | 110gs | 10gs | CLK; | 11074 | 11070 [ 10426 | 110432 | 11016 | 10164 | Voo | 10474 | 110475 | 10476 | 110477 | 1047 | 10479
1y

N | Voo | Vec | Vec | VOgr | 110gg | 11075 | TMS | Ve | 110428 | 110127 | 110433 | V0462 | Ve | TDO | 110480 | 110168 | 10160 | Ve | Vee | Vec

P | /Ogs | /Ogs | O3 | 1Oy | 11075 | 1074 | 1073 [ U014 | Ve | VO4qng | V0434 | 10437 | V0465 | 10451 | 110485 | VO4g3 | V0470 | 110474 | V0475 | 10475

R | IOgg | 1107g | U075 | 1040s | 11077 | 1076 | U045 | 110447 | V0420 | 10430 | 0435 | 0435 | VO16s | V0165 | NC [ 10454 | 110485 | 110146 | 1104ge | 110494

T [ 1Og | 1Ogs [ V0410 [ WO109 | NC [ 10446 | VOs1g | V0102 | MO121 | V0431 | V0436 | 10430 | VO4s6 | V0166 | 0167 | NC | 10454 | 10455 | V0487 | V0190

U [ 1Og | NC | GND [ /041 [ 0415 | 0419 | V0104 | V0105 | 110125 | GND | GND | 110440 | 10457 | 10456 | 110450 | V0451 | 10455 | GND | NC [ 1048

V | NC | GND | GND | GND | 11045 | UOgg | 10405 | Ve | 10423 | GND | GND [ 10441 | Vee | 1O4s | 11014 [ 11045, | GND | GND | GND | NC
4

W | GND | GND | GND | NC | I/Og; | 1/Ogq | /0405 | Vec | 10124 | GND | GND {11044 | Ve | V0160 | 110145 | 10147 | NC | GND | GND | GND

Y [ GND [ GND | NC | 1/Ogg |1/O100 | V0101 | 0107 | Voo | 10125 | GND | GND [ 10445 | Ve | 10161 | V0146 | 10145 | 1014 | NC | GND | GND
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Ultra37000 CPLD Family

3.3V Ordering Information (continued)
Speed Package Operating
Macrocells | (MHz) Ordering Code Name Package Type Range
256 100 |CY37256VP160-100AC A160 |160-Lead Thin Quad Flat Pack Commercial
CY37256VP160-100AXC A160 |160-Lead Lead Free Thin Quad Flat Pack
CY37256VP208-100NC N208 |208-Lead Plastic Quad Flat Pack
CY37256VP256-100BGC | BG292 (292-Ball Plastic Ball Grid Array
CY37256VP256-100BBC | BB256 |256-Ball Fine-Pitch Ball Grid Array
CY37256VP160-100Al A160 |160-Lead Thin Quad Flat Pack Industrial
CY37256VP160-100AXI A160 |160-Lead Lead Free Thin Quad Flat Pack
66 |CY37256VP160-66AC A160 |160-Lead Thin Quad Flat Pack Commercial
CY37256VP160-66AXC A160 |160-Lead Lead Free Thin Quad Flat Pack
CY37256VP208-66NC N208 |208-Lead Plastic Quad Flat Pack
CY37256VP256-66BGC BG292 |292-Ball Plastic Ball Grid Array
CY37256VP256-66BBC BB256 |256-Ball Fine-Pitch Ball Grid Array
CY37256VP160-66Al A160 [160-Lead Thin Quad Flat Pack Industrial
CY37256VP256-66BGI BG292 |292-Ball Plastic Ball Grid Array
CY37256VP256-66BBI BB256 |256-Ball Fine-Pitch Ball Grid Array
5962-9952401QZC U162 |160-Lead Ceramic Quad Flat Pack Military
384 83 |CY37384VP208-83NC N208 |208-Lead Plastic Quad Flat Pack Commercial
CY37384VP256-83BGC BG292 |292-Ball Plastic Ball Grid Array
66 CY37384VP208-66NC N208 [208-Lead Plastic Quad Flat Pack Commercial
CY37384VP256-66BGC BG292 |292-Ball Plastic Ball Grid Array
CY37384VP208-66NI N208 |208-Lead Plastic Quad Flat Pack Industrial
CY37384VP256-66BGI BG292 |292-Ball Plastic Ball Grid Array
512 83 |CY37512VP208-83NC N208 |208-Lead Plastic Quad Flat Pack Commercial
CY37512VP256-83BGC BG292 |292-Ball Plastic Ball Grid Array
CY37512VP352-83BGC BG388 |388-Ball Plastic Ball Grid Array
CY37512VP400-83BBC BB400 |400-Ball Fine-Pitch Ball Grid Array
66 |CY37512VP208-66NC N208 |208-Lead Plastic Quad Flat Pack Commercial
CY37512VP256-66BGC BG292 |292-Ball Plastic Ball Grid Array
CY37512VP352-66BGC BG388 |388-Ball Plastic Ball Grid Array
CY37512VP400-66BBC BB400 |400-Ball Fine-Pitch Ball Grid Array
CY37512VP208-66NI N208 [208-Lead Plastic Quad Flat Pack Industrial
CY37512VP256-66BGlI BG292 |292-Ball Plastic Ball Grid Array
CY37512VP352-66BGI BG388 |388-Ball Plastic Ball Grid Array
CY37512VP400-66BBI BB400 |400-Ball Fine-Pitch Ball Grid Array
5962-9952601QZC U208 |208-Lead Ceramic Quad Flat Pack Military

Document #: 38-03007 Rev. *E
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rams (continued)

44-Lead Ceramic Leaded Chip Carrier Y67
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LEAD-FREE

Ultra37000 CPLD Family

YPRESS

Package Diagrams (continued)

48-Ball (7.0 mm x 7.0 mm x 1.2 mm, 0.80 pitch) Thin BGA BA48D
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84-Lead Lead (Pb)-Free Plastic Leaded Chip Carrier J83
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Package Diagrams (continued)

Ultra37000 CPLD Family

100-Lead Lead (Pb)-Free Thin Plastic Quad Flat Pack (TQFP) A100
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LEAD-FREE

Ultra37000 CPLD Family

Package Diagrams (continued)

208-Lead Ceramic Quad Flatpack (Cavity Up) U208
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Ultra37000 CPLD Family

&
=2 CYPRESS
Package Diagrams (continued)
388-Ball Plastic Ball Grid Array PBGA (35 x 35 x 2.33 mm) BG388
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Ultra37000 CPLD Family

Ilm

¥ CYPRESS

Package Diagrams (continued)

400-Ball FBGA (21 x 21 x 1.4 mm) BB400
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ViewDraw and SpeedWave are trademarks of ViewLogic. Windows is a registered trademark of Microsoft Corporation. Warp is
a registered trademark, and In-System Reprogrammable, ISR, Warp Professional, Warp Enterprise, and Ultra37000 are trade-
marks, of Cypress Semiconductor Corporation. All product and company hames mentioned in this document are the trademarks
of their respective holders.
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Ultra37000 CPLD Family

Addendum
3.3V Operating Range

(CY37064VP100-143AC, CY37064VP100-143BBC, CY37064VP44-143AC, CY37064VP48-143BAC)

Range

Ambient Temperature!?

Junction Temperature

Vee

Commercial

0°C to +70°C

0°C to +90°C

3.3V £0.16V
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Document History Page

Ultra37000 CPLD Family

Document Title: Ultra37000 CPLD Family 5V, 3.3V, ISR™ High-Performance CPLDs
Document Number: 38-03007

Issue Orig. of
REV. | ECN NO. Date Change Description of Change
> 106272 04/18/01 SzZV  |Change from Spec number: 38-00475 to 38-03007

*A 124942 03/21/03 OOR |Updated 3.3V V¢ requirements for —144 speeds
Added an Addendum

*B 126262 05/09/03 TEH |Changed pinout for CY37128V BB100 package

*C 128125 07/16/03 HOM | Obsoleted following 3.3V PLCC packaged devices:
CY37032VP44-143JC
CY37032VP44-100JC
CY37032VP44-100JI
CY37064VP44-143JC
CY37064VP84-143JC
CY37064VP44-100JC
CY37064VP84-100JC
CY37064VP44-100JI
CY37064VP84-100JI
CY37128VP84-125JC
CY37128VP84-83JC
CY37128VP84-83JI

*D 282709 See ECN YDT |Changed package diagrams and labels for consistency

Added Lead (Pb)-free logo on first page, as well as a note in Features
Added Lead (Pb)-free package diagram labels

Added Lead-free Parts to Ordering Information

CY37032P44-200AXC, CY37032P44-200JXC, CY37032P44-154AXl,
CY37032P44-154JXI, CY37032P44-125AXC, CY37032P44-125JXC,
CY37064P44-200AXC, CY37064P44-200JXC, CY37064P100-200AXC,
CY37064P44-154AXI, CY37064P44-154JXI, CY37064P44-125AXC,
CY37064P44-125JXC, CY37064P100-125AXC, CY37064P44-125AXI,
CY37064P100-125AXI, CY37128P84-167JXC, CY37128P100-167AXC,
CY37128P160-167AXC, CY37128P84-125JXC, CY37128P100-125AXC,
CY37128P160-125AXC, CY37128P84-125JXI, CY37128P100-125AXI,
CY37128P160-125AXI, CY37128P84-100JXC, CY37128P100-100AXC,
CY37128P160-100AXC, CY37128P100-100AXI, CY37192P160-154AXC,
CY37192P160-125AXC, CY37192P160-125AXI, CY37192P160-83AXC,
CY37192P160-83AXI, CY37256P160-154AXC, CY37256P160-125AXC,
CY37256P160-125AXI, CY37256P160-83AXC, CY37256P160-83AXI,
CY37032VP44-143AXC, CY37032VP44-100AXC, CY37032VP44-100AXI,
CY37032VP44-100JXI, CY37064VP44-143AXC, CY37064VP100-143AXC,
CY37064VP44-100AXC, CY37064VP100-100AXC, CY37064VP44-100AXI,
CY37064VP100-100AXI, CY37128VP100-125AXC, CY37128VP160-125AXC,
CY37128VP160-125AXI, CY37128VP100-83AXC, CY37128VP160-83AXC,
CY37128VP100-83AXI, CY37128VP160-83AXI, CY37192VP160-100AXC,
CY37192VP160-66AXC, CY37256VP160-100AXC, CY37256VP160-100AXI,
CY37256VP160-66AXC

*E 321635 See ECN PCX |Added Package Diagram BG292
Updated all PBGA package type information (BG292 & BG388)

Document #: 38-03007 Rev. *E Page 64 of 64



