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1.1

1.2

1.3

24 Channel Counter Board

Overview

The 24 Channel Counter board is used collect counts from 24 independent APDs. Each
channel contains a 15 bit counter that counts pulses coming off of an APD. There are
two phases for each counter to allow continuous collection of data. Each channel on the
board is individually addressable through accesses from the multifunction boards.
Additionally you can access each of the phase of the counters while that phase is not
counting. Dip switches set the upper three address bits for the board allowing the
address range on the board to go from 0-95.

Technical Specification

e 12 individual Counter channels, 2 phases per Counter
« 15 Bit counters(32768 counts) for each channel and phase

Power Requirements

« +5V

e +12V (Unused on board)
e -12V (Unused on board)

Mechanical Specification
e Eurocard 6U (160mm x 233.35mm) Form Factor

e P11 and P2 96 pin DIN Connector
e 6 Layer PCB Construction
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1.4 Block Diagrams
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1.5 PCB Layout Front
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1.6 PCB Layout Back

1.7 Manual Address Range Select
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To set the boards address range switches 6-8 are used.
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2.2

SW1[8:6] GUI Address BPADDR
111 0-23 0-23
110 24-47 32-55
101 48-71 64-87
100 72-95 96-119
Else nothing

Note: SWI[8:6] correspond to BPADDR[7:5] and set the upper address bits for the boards.
BPADDR[4:0] select the channel on the board that is being accessed.
BPADDR[4:0] is five bits of address that can address up to 32 different selection,
but since there are only 24 channels per board, only 24 of the possible 32
selections access counter channels. All other combinations of BPADDR[4:0] will
result in an unknown count. The multifunction board does the translation between
the GUI address and the BPADDR and should not put out any of the unknown
addresses. A 'l'in table corresponds to a 'on' on the switch, a '0' corresponds to 'off'.

Test Procedure

Power Supply Impedance Check

This test is meant to check for shorts between voltage levels and gnd that could cause
catastrophic damage to the boards and or power supplies.

Requirements

Digital Multimeter

Procedure

2.4.1. Check GND to VCC by placing one ohm meter lead on GND pin in J3 and other
lead on VCC pin in J3

2.4.2. Check GND to +15 by placing one ohm meter lead on GND pin in J3 and other
lead on +15 pin in J3

2.4.3. Check GND to -15 by placing one ohm meter lead on GND pin in J3 and other
lead on -15 pin in J3

2.4.4. Check VCC to +15 by placing one ohm meter lead on VCC pin in J3 and other
lead on +15 pin in J3

2.4.5. Check VCC to +15 by placing one ohm meter lead on VCC pin in J3 and other
lead on +15 pin in J3

2.4.6. Check +15 to -15 by placing one ohm meter lead on +15 pin in J3 and other lead
on -15 pinin J3

CPLD programming

Requirements
Cypress ISR programming software

Cypress UltralSR programming cable

5V power supply

Programming files — “CounterTop.jed” dated 1/15/2003 9:05pm
“Control_Top.jed” dated 1/02/2003 10:48am

Procedure
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2.4.1. Plug Cypress UltralSR programming cable into Parallel port of pc and start
Cypress ISR programming software.
2.4.2. Select ‘New’ from the ‘File’ menu

2.4.3. Type ‘7" in the ‘Number of devices in JTAG Chain’ text box.

2.4.4. Type afilename in the ‘JTAG Chain Filename’ text box.

2.4.5. Browse and select or type in the directory that you would like to save the
programming session in.

2.4.6. Press 'Ok

2.4.7. Inthe ‘Devices’ box select ‘CY37256P160’ for all seven of the devices.
2.4.8. Inthe ‘Operation’ box select ‘Program & Verify' for all seven of the devices.
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2.3

2.4.9.

2.4.10.

2.4.11.
2.4.12.

2.4.13.

2.4.14.

2.4.15.

2.4.16.

2.4.17.

2.4.18.

Use the ‘Browse’ button for device one to locate and set the path and filename in
the ‘filename’ text box to ‘\\path\...\ Control_Top.jed".

Use the ‘Browse’ button for devices two through seven to locate and set the path
and filename in the ‘filename’ text box of each device to ‘\\path\...\
CounterTop.jed'.

Press the ¢ button to compose the programming file.

Plug 5V power and GND into the pins marked “VCC” and “GND” on header J3
respectively.

Connect Cypress UltralSR programming cable to header J16. Connector should
be polarized, but if not ensure that pin 1 of cable connects to pin 1 of header.
Turn on power supply.

Press the |£I button to program the CPLD. Programming may take several

minutes to complete

Check log that is displayed to see that each CPLD programmed and verified

successfully.

If programming or verify was not successful-

a. Verify that the path and filename are correct in each of the ‘filename’
textboxes. If not, repeat from step 9.

b. Check to see that power and ground are connected correctly and that supply
voltage is set to 5V DC. If not, repeat form step 11.

c. Check to see that part is correct and it is soldered correctly to board. If not,
correct problem and repeat from step 11.

Turn off power supply and disconnect cables.

Test board Rework

24.1.
2.4.2.

2.4.3.

244,

Do Not Install Components — U17-U18, U9-U13 and U15

On footprints for U9-U13 and U15 short pin 1 to pin 3, pin 4 to pin 6, pin 8 to pin
10 and pin 11 to pin 13

Reprogram U1-U6 with file “PulseGenerator.jed” dated 1/17/2002 7:22pm and
U7 with file “PulseGenControl.jed” dated 1/13/2003 6:49pm, using instructions
outlined in 2.3 CPLD programming and substituting these files.

Rework example

LA A i rrrr ey I||||||IIIrI

AQD COUNTER BD REVODZ2 S/M003 BENCH TES
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Counter Channel Test
2.4.1. Plug test board connector P1 into backplane.

2.4.2. Plug board under test connector P1 into backplane.

2.4.3. Using ribbon cable connector, connect P2 on test board to P2 on board under
test.

2.4.4. Turn on power supply.

2.4.5. Open 5 Xterm windows on user interface Linux computer.

2.4.6. In Xterm window #1, type “rlogin aoicm —| ao” and hit return.

2.4.7. Type password “wai'mea” and hit return.

2.4.8. Type “su aroot” and hit return.

2.4.9. Type password “wai!mea” and hit return.

2.4.10. Change directory to “//manoaXX/Ip” where XX is either 36 or 85 and hit return.
2.4.11. Type “start_ao” and hit return.

2.4.12. In Xterm window #2, type “rlogin aoicm —| ao” and hit return.

2.4.13. Type password “wai!mea” and hit return.

2.4.14. Change directory to “//manoaXX/ic” where XX is either 36 or 85 and hit return.
2.4.15. Type “ic” and hit return.

2.4.16. In Xterm window #3, type “rlogin aoicm —| ao” and hit return.

2.4.17. Type password “wai'mea” and hit return.

2.4.18. Change directory to “//manoaXX/socketio” where XX is either 36 or 85 and hit
return.

2.4.19. Type “sock_server” and hit return.

2.4.20. In Xterm window #4, change directory to “//manoaXX/socketio” where XX is
either 36 or 85 and hit return.

2.4.21. Type “sock_client” and hit return.

2.4.22. In Xterm window #5, change directory to “//manoaXX/xui” where XX is either 36
or 85 and hit return.

2.4.23. Type “xui” and hit return.

2.4.24. When the GUI pops up, click on the tab labeled “view”.
2.4.25. Click the radial button labeled “text”

2.4.26. Set SW1[8:6] to “011" and SW1[5:1] to “00000".

2.4.27. Check to see that the first 24 channels all have the correct value as set on the
test board using SW1. See following tables for function and rate of counts as set

by SW1.
SW1[8:6] Function

000 No counts, all outputs constant ‘0’
001 Pulses only on low phase
010 Pulses only on high phase
011 Pulses on both phases
100 Pulses on both phases
161 Pul Abeth-ph
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2.4.28.

2.4.29.

2.4.30.

2.4.31.

2.4.32.
2.4.33.

2.4.34.
2.4.35.
2.4.36.
2.4.37.
2.4.38.
2.4.39.
2.4.40.

110 Pulses on both phases
111 Pulses on both phases
SW1[5:1] Pulse Rate Count with membrane =2000

00000 1 pulse every 60ns 4380-4395
00001 1 pulse every 100ns 2630-2640
00010 1 pulse every 180ns 1460-1470
00011 1 pulse every 340ns 770-780
00100 1 pulse every 660ns 395-400
00101 1 pulse every 1.3us 200-205
00110 1 pulse every 2.58us 100-105
00111 1 pulse every 5.14us 50-55
01000 1 pulse every 10.26us 25-30
01001 1 pulse every 20.5us 10-15
01010 1 pulse every 40.98us 5-8
01011 1 pulse every 81.94us 2-5
01100 1 pulse every 163.86us 1-2
01101 1 pulse every 327.7us 0-1
01110 1 pulse every 655.38us 0-1
01111 1 pulse every 1310.72us 0-1

Else 1 pulse every 80ns 3115-3130

*Note that counts with membrane = 2000 are approximations, this number may
differ depending on the on board oscillator and also upon the rate the
multifunction board puts out phase. If pulses are expected on both phases, high
counts and low counts may be slightly different, but should be around the same
value.

Change SW[8:6] to “001” and check to see that you only get low counts are in the
correct range and that the high count is ‘O’ or nearly to ‘0.

Change SWI[8:6] to “010” and check to see that you only get high counts are in
the correct range and that the low count is ‘0’ or nearly to ‘0’.

Change SWI[8:6] back to “011” and change SW[5:1] to “00001” and make sure
that you get counts on both phases and that the counts are in the correct range.

Change SWI[5:1] to next value in table and check that counts are in correct
range.

Repeat previous step for all values in table.

Change SW1[8:6] on board under test and make sure that board can be
addressed properly in all valid address ranges. See table from section 1.7 for
address ranges and values.

Right click on “Quit” in GUI.

Move curser over Xterm #4 and press cntrl-c.
Move curser over Xterm #3 and press cntrl-c.
Move curser over Xterm #2 and press cntrl-c.
Turn off power supply.

Remove board.

If there are more boards to test, insert board into backplane and turn power on.
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2.4.41.
2.4.42.
2.4.43.
2.4.44.
2.4.45.
2.4.46.
2.4.47.

In Xterm #1, type “stop_ao” and hit return.

In Xterm #1, type “start_ao” and hit return.

In Xterm #2, type “ic” and hit return.

In Xterm #3, type “sock_server” and hit return.
In Xterm #4, type “sock_client” and hit return.
In Xterm #5, type “xui” and hit return.

Repeat from step 2.4.24.

Schematic
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F: \ H85_PRQJECT\ ELECTRONI CS\ HARDWARE\ COUNTERBOARDREV2\ SOFTWARE\ CONTROL\ CONTRCL REV 6\ Contr ol _Top. vhd 01/0

1 --nodified by Peter Onaka

2 -- This is the top level of the control chip for the counter Board.

3 .-

4 __kkkkhkkhkkhkhkhkhkhkhhhkhkkhhkhhhkhkAhhkhhkhkhkhhhkhkhhkhkhkhkhkhkhhhkhhkhkhhkhkkhhkhkhkhhkkhkhhhkkhkhh*k

5 -- Revision history

6 --

7 -- Date Rev Eng Descri ption

8 -- oo e e e e e e e e e e e e e e e - =

9 -- 11/30/02 1 RY Initial File

0 -- 12/24/02 2 PMO changed tristate signals

1-- 12/27/02 3 PMO added bp_reset to c6

2 -- 01/02/03 4 RY changed unused Control lines to highZ instead of driving '0'
3 -- comment ed out debug |ines

4 -- 01/02/03 5 RY swapped pins 42 and 43 in the control

5 -- on the board.

6 -- 01/02/03 6 RY Changed polarity of clock for outputing address to counter chi
7 -- Counter chips clock Address in on rising edge so adress should
8 -- cl ocked out on falling edge.

9

O library | EEE;

1 use |EEE. std_logic_1164.all;

2 use | EEE. std_I| ogi c_unsigned. all;

3

4 entity Control _Top is

5 port (

6 LED : out std_l ogic_vector(3 downto 1);
7 SYSCLK: in STD LOG G

8 - -

9 -- backpl ane data bus and associated control signal

0 - -

1 BPADDR: in std_|l ogic_vector(7 dowmnto 0);
2 BPCTRL: in std_|l ogi c_vector (15 downto 0);
3 BPD: out std_l ogic_vector(15 downto 0);
4 BPD_L_TRI STATE: out std_l ogic;

5 BPD_H TRI STATE: out std_l ogic;

6 bpd_h_dir: out std_l ogic;

7 bpd_| _dir: out std_l ogic;

8 bpaddr _dir: out std_|l ogic;

9 bpaddr _tristate: out std_l ogic;

0 bpctrl _h_dir: out std_l ogic;

1 bpctrl _| _dir: out std_l ogic;

2 bpctrl _h_tristate: out std_|l ogic;

3 bpctrl | _tristate: out std_|l ogic;

4 SW in std_|l ogic_vector(7 downto 0);
5 - -

6 -- internal bus

7 - -

8 D: in std_| ogic_vector (15 downto 0);
9 C out std_l ogic_vector (15 downto 0)
0 )

1 end Control _Top;

2

3 architecture Control _Top of Control _Top is

4 signal Addr_rising: STD LOd C_VECTOR(7 downto 0); -- stores the address at the rising edge
5 si gnal Addr_Valid: STD LOA C; -- Address is stable for 2 consectutive clock edges
6 si gnal Addr_Good: STD LOA C, -- Address is on board
7 begin

8 -- constant signals

9 C(15 downto 8) <= (others =>"'2Z");

0 bpd_h _dir <= "0";

1 bpd_|I _dir <= "'0";

2 bpaddr _dir <= "'1";

3 bpaddr _tristate <= '0';

4 bpctrl _h dir <="'0";

5 bpctrl | dir <="'1";

6 bpctrl _h_tristate <= "1";

7 bpctrl _| tristate <= '0";

8 LED <= "000";

9

0 -- validate back plane address

1 val i d_Addr : process(SYSCLK, Addr_rising, BPADDR)

2 begin

3 -- Store BP adress at rising clock edge for conparison to BP address at falling clock edge

file because they are sw



F: \ H85_PRQJECT\ ELECTRONI CS\ HARDWARE\ COUNTERBOARDREV2\ SOFTWARE\ CONTROL\ CONTRCL REV 6\ Contr ol _Top. vhd 01/0

74 -- Create half clock cycle del ayed version of Addr_Valid
75 if (SYSCLK event and SYSCLK = '1') then

76 Addr _rising <= BPADDR(7 downto 0);

77 if (Addr_rising = BPADDR) then

78 Addr _Valid <= "'1';

79 el se

80 Addr _Valid <= "'0';

81 end if;

82 end if;

83 -- check if BP address is stable on falling clock edge
84 -- i f (SYSCLK event and SYSCLK = '0") then

85 -- -- if BP adress is stable then Addr_Valid = '1'

86 - - if (Addr_rising = BPADDR) then

87 -- Addr _Valid <= "1'";

88 -- -- if BP address is NOT stable then Addr_Valid ="'0
89 -- el se

90 -- Addr _Valid <= '0'";

91 -- end if;

92 -- end if;

93 end process;

94

95 -- drive BP_Tristates when Address is valid and Upper Address matches SW 7: 5]
96 -- Create Qutput Enable signal for Counter chips

97 control 7 : process (Addr_Valid, Addr_Good)

98 begin

99 if (Addr_Valid = '1") and (Addr_Good = "'1") then
100 7)) <="'1';
101 BPD L_TRISTATE <= '0';-- was'1';
102 BPD H TRI STATE <= '0';-- was '1';
103 el se
104 c7) <="'0';
105 BPD L TRISTATE <= '1'; --was '0';
106 BPD H TRI STATE <= '1'; --was '0'";
107 end if;
108 end process;
109 -- DEBUG - -
110 -- (C(8) <= Addr_Valid;
111 -- C(9) <= Addr_Good;

112 -- END DEBUG - -
113 -- missing reset signal PMO

114 C(6) <= BPCTRL(3);

115 -- Pass Data and phase directly out

116 BPD( 15 downto 0) <= D(15 downto 0);

117 C(0) <= BPCTRL(1);

118

119 -- pass BP address to counter chips and set Addr_Good = '1'" if it matches SW
120 -- else pass all ones and set Addr_Good = '0'

121 board_addr : process(SYSCLK, BPADDR, SW

122 begin

123 if (SYSCLK event and SYSCLK = '0') then

124 -- if BP address is on board then set address bits to BPAddr and Addr Good = '1'
125 if (BPADDR(7 downto 5) = SW7 downto 5)) then

126 C(5 downto 1) <= BPADDR(4 downto 0);

127 Addr _Good <= '1';

128 -- if BP address is not on board then set address bits to all ones and Addr _Good = '0
129 el se

130 C(5 downto 1) <= "11111";

131 Addr _Good <= '0';

132 end if;

133 end if;

134 end process;

135

136

137 end Control _Top;

Page: 2
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-- Digital to analog converter control |ines

-- Bus Address control

Attribute PI N _NUMBERS of
Attribute PI N _NUMBERS of
Attribute PI N _NUMBERS of

-- Bus Data control

Attribute
Attribute
Attribute

Pl N_NUMBERS
Pl N_NUMBERS
Pl N_NUMBERS

-- Bus Ctrl signals

Attribute
Attribute
Attribute
Attribute
Attribute
Attribute
Attribute
Attribute
Attribute
Attribute
Attribute
Attribute
Attribute
Attribute
Attribute
Attribute

Pl N_NUMBERS
Pl N_NUMBERS
Pl N_NUMBERS
Pl N_NUMBERS
Pl N_NUMBERS
Pl N_NUMBERS
Pl N_NUMBERS
Pl N_NUMBERS
Pl N_NUMBERS
Pl N_NUMBERS
Pl N_NUMBERS
Pl N_NUMBERS
Pl N_NUMBERS
Pl N_NUMBERS
Pl N_NUMBERS
Pl N_NUMBERS

bpctrl _h_tristate is "3";
bpd_| tristate is "4";
bpctrl _I _dir is "5";
bpctrl _| tristate is A
bpctrl _h_dir is "8";
bpd_| dir is "o,
bpctrl (0) is "11v;
bpctrl (1) is "12";
bpctrl (2) is "13";
bpctrl (3) is "14";
bpctrl (4) is "15";
bpctrl (5) is "16";
bpctrl (6) is A
bpctrl (7) is "18";
bpctrl (8) is "23";
bpctrl (9) is "24";
bpctrl (10) is "25";
bpctrl (11) is "26";
bpctrl (12) is "27";
bpctrl (13) is "28";
bpctrl (14) is "29";
bpctrl (15) is "30";

-- Power up pins attached to r/c tiners

Attribute PIN_NUMBERS of SYSCLK is "19";

-- Bus address signals

Attribute
Attribute
Attribute
Attribute
Attribute
Attribute
Attribute
Attribute

-- Bus control

Pl N_NUMBERS
Pl N_NUMBERS
Pl N_NUMBERS
Pl N_NUMBERS
Pl N_NUMBERS
Pl N_NUMBERS
Pl N_NUMBERS
Pl N_NUMBERS

control

of
of
of
of
of
of
of
of

Attribute PIN_NUMBERS of

Attribute PI N _NUMBERS of
Attribute PI N_NUMBERS of
Attribute PI N_NUMBERS of
-- Lines driving LED s

Attribute PI N_NUMBERS of
Attribute PI N_NUMBERS of

Attribute PI N NUMBERS of

-- Address switch |ines

Attribute
Attribute
Attribute
Attribute
Attribute
Attribute
Attribute
Attribute

Pl N_NUMBERS
Pl N_NUMBERS
Pl N_NUMBERS
Pl N_NUMBERS
Pl N_NUMBERS
Pl N_NUMBERS
Pl N_NUMBERS
Pl N_NUMBERS

of
of
of
of
of
of
of
of

bpaddr (0) is "32";
bpaddr (1) is "33";
bpaddr(2) is "34";
bpaddr (3) is "35";
bpaddr(4) is "36";
bpaddr (5) is "37";
bpaddr (6) is "38";
bpaddr (7) is "39";
bpd_h_dir is "43";

bpd_h_tristate is "42";
bpaddr _tristate is "44";

bpaddr_dir is " 45",
led(l) is 47",
led(2) is "48";
led(3) is "49";
sw3) is "51";
sW2) is "52";
sw(l) is "53";
sw(0) is " 54",
sW7) is "55";
SW6) is "56";
swW(b) is "57";
sw(4) is "58";
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Page:

Attribute

Attribute
Attribute
Attribute
Attribute
Attribute
Attribute
Attribute
Attribute
Attribute
Attribute
Attribute
Attribute
Attribute
Attribute
Attribute
Attribute

Attribute
Attribute
Attribute
Attribute
Attribute
Attribute
Attribute
Attribute
Attribute
Attribute
Attribute
Attribute
Attribute
Attribute
Attribute
Attribute

Pl N_NUMBERS

Pl N_NUMBERS
Pl N_NUMBERS
Pl N_NUMBERS
Pl N_NUMBERS
Pl N_NUMBERS
Pl N_NUMBERS
Pl N_NUMBERS
Pl N_NUMBERS
Pl N_NUMBERS
Pl N_NUMBERS
Pl N_NUMBERS
Pl N_NUMBERS
Pl N_NUMBERS
Pl N_NUMBERS
Pl N_NUMBERS
Pl N_NUMBERS

Pl N_NUMBERS
Pl N_NUMBERS
Pl N_NUMBERS
Pl N_NUMBERS
Pl N_NUMBERS
Pl N_NUMBERS
Pl N_NUMBERS
Pl N_NUMBERS
Pl N_NUMBERS
Pl N_NUMBERS
Pl N_NUMBERS
Pl N_NUMBERS
Pl N_NUMBERS
Pl N_NUMBERS
Pl N_NUMBERS
Pl N_NUMBERS

-- Bus data signals

Attribute
Attribute
Attribute
Attribute
Attribute
Attribute
Attribute
Attribute
Attribute
Attribute
Attribute
Attribute
Attribute
Attribute
Attribute
Attribute

2

Pl N_NUMBERS
Pl N_NUMBERS
Pl N_NUMBERS
Pl N_NUMBERS
Pl N_NUMBERS
Pl N_NUMBERS
Pl N_NUMBERS
Pl N_NUMBERS
Pl N_NUMBERS
Pl N_NUMBERS
Pl N_NUMBERS
Pl N_NUMBERS
Pl N_NUMBERS
Pl N_NUMBERS
Pl N_NUMBERS
Pl N_NUMBERS

of

of
of
of
of
of
of
of
of
of
of
of
of
of
of
of
of

of
of
of
of
of
of
of
of
of
of
of
of
of
of
of
of

of

of
of

of
of

of
of

of
of

of
of

RESET_CNT i s

c(0) is "98";

c(1) is "103";
c(2) is "104";
c(3) is "105";
c(4) is "106";
c(5) is "107";
c(6) is "108";
c(7) is "109";
c(8) is "110";
c(9) is "112";
c(10) is "113";
c(11) is "114"

c(12) is "115";
c(13) is "117";
c(14) is "118";
c(15) is "119";
d(15) is "122";
d(14) is "123";
d(13) is "124";
d(12) is "125";
d(11) is "126";
d(10) is "127";
d(9) is "128";
d(8) is "129":
d(7) is "131";
d(6) is "132";
d(5) is "133";
d(4) is "134";
d(3) is "135";
d(2) is "136";
d(1) is "137":
d(0) is "138":
bpd(0) is "143";
bpd(1) is "144";
bpd(2) is "145";
bpd(3) is "146";
bpd(4) is "147";
bpd(5) is "148";
bpd(6) is "149";
bpd(7) is "150";
bpd(8) is "152";
bpd(9) is "153";
bpd(10) is "154";
bpd(11) is "155"

bpd(12) is "156"

bpd(13) is "157"

bpd(14) is "158"

bpd(15) is "159"

"7g":

Not avail able on 192 versi on.

Not avail able on 192 versi on.
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F: \ H85_P~I P\ ELECT~$_\ HARDWARE\ COUNT~JJ\ SOFTWARE\ COUNTER\ COUNT~W$\ Count er Top. vhd 01/ 15/ 03 21: 04: 42

1

--  Counter

Board Counter chip

R I b S I b b S R R S S S S R I S I b S b S S R R S S R S I S

-- Revision history

Descri ption

Initial File

changed reset polarity

CE does not rely on C(7)
added testpoint for output enable to pin 48
comment ed out everything that was added, should be sane as Rev

try to sync APD input,

C(0) sync fixed problem

-- Date Rev Eng
--  12/16/02 1 RY

--  12/27/02 2 PMO
-- 12/31/02 3 RY

-- 12/31/02 4 RY

-- 12/31/02 5 RY

-- 1/3/2002 7?  PMO
library | EEE;

use | EEE. std_| ogic_1164. al |

entity Counter is

port (

C
DCl

SYSCLK

COUNT_SI GNAL:

D
-- debug

OUTEN:

-- end debug
DCO

)

end Counter

in STD LOG C

in STD_LOG C_VECTOR(7 downto 0);
in STD_LOG C_VECTOR(2 downto 0);
in STD_LOG C_VECTOR(4 downto 1);
out STD LOG C_VECTOR(15 downto 0);

out STD LGOGE G

out STD LOG C_VECTOR(2 downto O)

architecture Counter of Counter is

-- signal
-- signal
-- signal
-- signal
-- signal
-- signal
-- signal
-- signal
-- signal
-- signal
si gnal
si gnal
si gnal
si gnal
si gnal
si gnal
si gnal
si gnal
si gnal
si gnal
si gnal
si gnal
si gnal
si gnal
si gnal
si gnal
si gnal
si gnal
si gnal
si gnal
si gnal
si gnal
si gnal
si gnal
si gnal
si gnal
si gnal
si gnal
si gnal

TenpCount :
TenpCount 1:
H ghCount A:
LowCount A:
Hi ghCount B:
LowCount B:
H ghCount C
LowCount C:
H ghCount D
LowCount D:
TenmpCount :
TenpCount 1:
H ghCount A:
LowCount A:
H ghCount B:
LowCount B:
H ghCount C
LowCount C:
Hi ghCount D
LowCount D:
Pre_Qut _En:
Qut put _En
Phase_Not :
Reset _Low
Reset _Hi gh:
pul se_out 1:
sync_out 1:
pul se_out 2:
sync_out 2:
pul se_out 3:
sync_out 3:
pul se_out 4:
sync_out 4:

STD LOG C_VECTOR( 13
STD_LOG C_VECTOR( 13
STD _LOG C_VECTOR( 13
STD _LOG C_VECTOR( 13
STD _LOG C_VECTOR( 13
STD_LOG C_VECTOR( 13
STD _LOG C_VECTOR( 13
STD _LOG C_VECTOR( 13
STD _LOG C_VECTOR( 13
STD _LOG C_VECTOR( 13
STD_LOG C_VECTOR( 14
STD_LOG C_VECTOR( 14
STD_LOG C_VECTOR( 14
STD_LOG C_VECTOR( 14
STD_LOG C_VECTOR( 14
STD_LOG C_VECTOR( 14
STD_LOG C_VECTOR( 14
STD_LOG C_VECTOR( 14
STD_LOG C_VECTOR( 14
STD_LOG C_VECTOR( 14
STD _LOG G,

STD _LOG C;

STD _LOG C;

STD _LOG C;

STD _LOG C;

STD LOG C, -- PMD
STD LOG C, -- PMD
STD LOG C, -- PMD
STD LOG C, -- PMD
STD LOG C, -- PMD
STD LOG C, -- PMD
STD LOG C, -- PMD
STD LOG C, -- PMD

C0_sync: STD LOA C, --PMD

COUNT_SI GL:
COUNT_SI G2:
COUNT_SI G3:
COUNT_SI G4:

"STD LOG C; --PMO

STD LOG C, -- PMD
STD LOG C, -- PMD
STD LOG C, -- PMD

c6_sync: STD LOJ C, --PMO

-- instantiate sync_Counter

downto 0);
downt o 0);
downt o 0);
downt o 0);
downt o 0);
downto 0);
downto 0);
downt o 0);
downt o 0);
downto 0);
downto 0);
downto 0);
downto 0);
downto 0);
downto 0);
downto 0);
downto 0);
downto 0);
downto 0);
downto 0);
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74

75 component sync_Counter -- is

76 port (

77 RESET: in STD LOG C

78 COUNT_EN: in STD LOG C

79 DIN: in STD LOG C

80 cl k: in STD LOG C

81 -- COUNT_QUT: out STD LOG C VECTOR(13 downto 0)
82 COUNT_QUT: out STD LOG C VECTOR(14 downto 0)
83 )

84 end conponent; --sync_Counter

85

86 begin

87

88 sync_phase : process (SYSCLK)

89 begin

90 i f (SYSCLK event and SYSCLK = '1') then

91 C0_sync <= C(0);

92 c6_sync <= C(6);

93 end if;

94 end process;

95

96 Phase_Not <= not (CO_sync);

97 Reset _High <= c6_sync and Phase_Not;

98 Reset _Low <= c6_sync and CO_sync;

99 -- Reset_H gh <= C(6) and Phase_Not;

100 -- Reset_Low <= C(6) and CO_sync

101 -- create inverted phase, reset

102

103

104 addr _decode : process

105 begi n

106 -- if upper address bits match DCI then output data
107 if (C(5 downto 3) = DCI (2 downto 0)) then
108 -- select which count to out put

109 case (C(2 downto 1)) is

110 when "00" =>

111 if C_sync = '0" then

112 TenpCount <= Hi ghCount A;
113 el se

114 TenpCount <= LowCount A;
115 end if;

116 when "01" =>

117 if C_sync = '0" then

118 TenpCount <= Hi ghCount B
119 el se

120 TenpCount <= LowCount B
121 end if;

122 when "10" =>

123 if CO_sync = '0" then

124 TenpCount <= Hi ghCount C
125 el se

126 TenpCount <= LowCount C
127 end if;

128 when "11" =>

129 if C_sync = '0" then

130 TenpCount <= Hi ghCount D
131 el se

132 TenpCount <= LowCount D
133 end if;

134 when ot hers =>

135 end case,;

136 end if;

137 end process;

138

139

140 next _addr : process (DCl)

141 begin

142 case (DClI (2 downto 0)) is

143 -- '000" next address '001'

144 when "000" => DCQO(2 downto 0) <= "001"
145 -- '001' next address '010'

146 when "001" => DCQO(2 downto 0) <= "010"
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147 -- '010' next address '011'
148 when "010" => DCO(2 downto 0) <= "011"
149 -- '011' next address '100'
150 when "011" => DCO(2 downto 0) <= "100"
151 -- '100" next address '101'
152 when "100" => DCO(2 downto 0) <= "101";
153 when others => DCQ(2 downto 0) <= "000";
154 end case,;

155 end process;

156

157 -- First Counter

158 count er hi ghA : sync_Count er

159 port map(

160 RESET => Reset _Hi gh,
161 COUNT_EN => (C0_sync,
162 D IN => sync_out 1,

163 cl k => SYSCLK,

164 COUNT_OUT  => Hi ghCount A
165 );

166 counterl owA : sync_Counter

167 port map(

168 RESET => Reset _Low,
169 COUNT_EN => Phase_Not,
170 D IN => sync_out 1,

171 cl k => SYSCLK,

172 COUNT_OUT  => LowCount A
173 );

174 -- End First Counter

175

176 -- Second Counter

177 counterhi ghB : sync_Counter

178 port map(

179 RESET => Reset _Hi gh,
180 COUNT_EN => (C0_sync,
181 D IN => sync_out 2,

182 cl k => SYSCLK,

183 COUNT_OUT  => Hi ghCount B
184 );

185 counterl owB : sync_Counter

186 port map(

187 RESET => Reset _Low,
188 COUNT_EN => Phase_Not,
189 D IN => sync_out 2,

190 cl k => SYSCLK,

191 COUNT_OUT  => LowCount B
192 );

193 -- End Second Counter

194

195 -- Third Counter

196 count er hi ghC : sync_Count er

197 port map(

198 RESET => Reset _Hi gh,
199 COUNT_EN => (C0_sync,
200 D IN => sync_out 3,

201 cl k => SYSCLK,

202 COUNT_QUT  => Hi ghCount C
203 )

204 counterl owC : sync_Counter

205 port map(

206 RESET => Reset _Low,
207 COUNT_EN => Phase_Not,
208 D IN => sync_out 3,

209 cl k => SYSCLK,

210 COUNT_OUT  => LowCountC
211 );

212 -- End Third Counter

213

214 -- Fourth Counter

215 count er hi ghD : sync_Count er

216 port map(

217 RESET => Reset _Hi gh,
218 COUNT_EN => (C0_sync,
219 D IN => sync_out 4,
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220 cl k => SYSCLK,

221 COUNT_QUT  => Hi ghCount D

222 )

223 counterl owD : sync_Counter

224 port map(

225 RESET => Reset _Low,

226 COUNT_EN => Phase_Not,

227 D IN => sync_out 4,

228 cl k => SYSCLK,

229 COUNT_OUT  => LowCount D

230 )

231 -- End Fourth Counter

232

233 -- APD sync

234 -- invert COUNT_SI GNAL# s

235 COUNT_SI GL <= not COUNT_SI GNAL(1);

236 COUNT_SI & <= not COUNT_SI GNAL(2);

237 COUNT_SI G3 <= not COUNT_SI GNAL( 3);

238 COUNT_SI A <= not COUNT_SI GNAL(4);

239

240 -- pulse_APDLl : process (sysclk, COUNT_SI GNAL(1), sync_out 1)
241 pul se_APD1 : process (sysclk, COUNT_SI Gl, sync_out 1)
242 begi n

243 if (COUNT_SIGL = '1') then

244 - - if (COUNT_SIGNAL(1) = '0") then

245 pul se_outl <= "'1";

246 elsif (sync_outl = '1") then

247 pul se_outl <= "'0";

248 el sif (SYSCLK event and SYSCLK ='1') then
249 if (sync_outl ="1") then

250 pul se_outl <="'0'

251 end if;

252 end if;

253 end process;

254

255 syncl : process (SYSCLK, pul se_out 1)

256 begin

257 if (SYSCLK event and SYSCLK ='"1') then
258 sync_outl <= pul se_outl

259 end if;

260 end process;

261

262

263 -- pulse_APD2 : process (SYSCLK, COUNT_SI GNAL(2), sync_out 2)
264 pul se_APD2 : process (SYSCLK, COUNT_SI &, sync_out 2)
265 begin

266 if (COUNT_SIGQ = "'1") then

267 -- if (COUNT_SIGNAL(2) = '0") then

268 pul se_out2 <= "'1";

269 elsif (sync_out2 = '1'") then

270 pul se_out2 <= "'0";

271 el sif (SYSCLK event and SYSCLK ='1') then
272 if (sync_out2 ="'1") then

273 pul se_out2 <="'0'

274 end if;

275 end if;

276 end process;

277

278 sync2 @ process (SYSCLK, pul se_out 2)

279 begin

280 i f (SYSCLK event and SYSCLK ='"1') then
281 sync_out 2 <= pul se_out 2

282 end if;

283 end process;

284

285

286 -- pulse_ APD3 : process (SYSCLK, COUNT_SI GNAL(3), sync_out 3)
287 pul se_APD3 : process (SYSCLK, COUNT_SI G3, sync_out 3)
288 begin

289 if (COUNT_SIG3 = '1'") then

290 -- if (COUNT_SIGNAL(3) = '0") then

291 pul se_out3 <= "1";

292 elsif (sync_out3 = '1") then
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293 pul se_out3 <= "'0";

294 el sif (SYSCLK' event and SYSCLK =' 1" ) then

295 if (sync_out3 ="'1") then

296 pul se_out3 <="'0'

297 end if;

298 end if;

299 end process;

300

301 sync3 : process (SYSCLK, pul se_out 3)

302 begi n

303 if (SYSCLK event and SYSCLK ='1') then

304 sync_out 3 <= pul se_out 3;

305 end if;

306 end process;

307

308

309 -- pulse APD4 : process (SYSCLK, COUNT_SI GNAL(4), sync_out 4)
310 pul se_APD4 : process (SYSCLK, COUNT_SI 4, sync_out 4)
311 begin

312 if (COUNT_SIA = '1") then

313 -- if (COUNT_SIGNAL(4) = '0") then

314 pul se_out4 <= "'1";

315 elsif (sync_out4 = "'1") then

316 pul se_out4 <= "'0";

317 el sif (SYSCLK' event and SYSCLK =' 1" ) then

318 if (sync_out4 ="'1") then

319 pul se_out4 <="'0'

320 end if;

321 end if;

322 end process;

323

324 sync4 : process (SYSCLK, pul se_out 4)

325 begin

326 if (SYSCLK event and SYSCLK ='1') then

327 sync_out 4 <= pul se_out 4;

328 end if;

329 end process;

330

331 -- Register TenpCount to nmeke it fit

332 reg_count : process (SYSCLK)

333 begin

334 if (SYSCLK event and SYSCLK ='1') then

335 TenpCount 1 <= TenpCount ;

336 end if;

337 end process;

338

339 -- If C[5:1] matches DCI[2:0] and Qutput_En = "1' drive outputs
340 -- else set outputs to Hi ghz

341 -- D(13 downto 0) <= TenpCount1(13 downto 0) mhen (DCl (2 downto 0) = C(5 downto 3)) else (others
342 -- D(15 downto 14) <= "00" when (DCl (2 downto 0) C(5 downt o 3)) else (others =>"'2");

343 D(14 downto 0) <= TenpCount1(14 downto 0) when (DCI(2 downt o 0) C(5 downto 3)) else (others =
344 D(15) <="'0" when (DCl (2 downto 0) = C(5 downto 3)) else ('Z);

345

346 QUTEN <= sync_out 2;

347 -- debug

348 -- QUTEN <= '1' when (DClI (2 downto 0) = C(5 downto 3)) else '0';

349 -- end debug
350 end Counter;
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1 --

2 -- This is a 16-bit asynchronous counter w count enable and reset
3 .-

4 - R I b S I b b S R R S S S S R I S I b S b S S R R S S R S I S
5 -- Revision history

6 --

7 -- Date Rev Eng Descri ption

< T e e e e e e e e -

9 -- 12/16/02 1 RY Initial File

10 -- 1/3/03 2 PMO change counter 13bit to fit

11 -- 1/6/03 3 PMO sync counter

13 library | EEE;
14 use | EEE. std_logic_1164. all
15 use | EEE. std_I| ogi c_unsi gned. al |

16

17 entity sync_Counter is

18 port (

19 RESET: in STD LOG C

20 COUNT_EN: in STD LOG C

21 DIN: in STD LOG C

22 cl k: in STD LOG C

23 -- COUNT_QUT: out STD LOG C VECTOR(13 downto 0)
24 COUNT_QUT: out STD LOG C VECTOR(14 downto 0)
25 )

26 end sync_Counter,

27

28 architecture sync_Counter of sync_Counter is

29 -- signal TenpCount: STD LOG C VECTOR(13 downto 0);
30 -- signal TenpCount: STD LOd C VECTOR(11 downto 0);
31 begin

32 count : process (clk,D IN, COUNT_EN, RESET)

33 begin

34 if ((RESET = "1')) then

35 COUNT_QUT <= (others => "'0");

36 -- TenmpCount <= (others => '0");

37 elsif (clk'event and clk = "1") then

38 -- elsif (DINevent and DIN = "1") then

39 if (COUNT_EN ="'1" and DIN="1") then
40 -- TenpCount <= TempCount + 1;

41 COUNT_OUT <= COUNT_OUT +1;

42 end if;

43 end if;

44 end process;

45

46 -- COUNT_QUT <= TenpCount;

47 end sync_Counter;
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74 Attribute PIN_NUMVBERS of C(14) is "1l44"

75 Attribute PIN_NUMBERS of C(15) is "143"

76

77 --DEBUG

78 --Attribute PI N NUMBERS of OUTEN is "48";

79 --END DEBUG

Page: 2



4.3 Test Control Chip

University of Hawaii — Institute for Astronomy
Counter Board



F: \ H85_P~I P\ ELECT~$_\ HARDWARE\ COUNT~JJ\ SOFTWARE\ TESTC~GB\ PULSE~- _\ Pul seGenControl . vhd 01/13/03 17:28: 14

1 --

2 -- Pulse Generator

3 -- This is atest chip for the Counter boards. It creates 1 pulse
4 -- every X clock pulses. Were X is the value that read fromthe
5-- ((7:0]. Note: value is a binary val ue

6 --

7 - EE I b S S S S S I I I I I I I I I I b R I S b I I b I I S R S I S I S S I I S I
8 -- Revision history

9 --

10 -- Date Rev Eng Descri ption

i R e

12 -- 01/13/02 1 RY Initial File

13 --

14

15 library | EEE;
16 use | EEE. std_logic_1164.all;
17 use | EEE. std_I| ogi c_unsigned. all;

18

19 entity PulseGenControl is

20 port (

21 LED : out std_l ogic_vector(3 downto 1);
22 SYSCLK: in STD LOG G

23 --

24 -- backpl ane data bus and associated control signal
25 --

26 -- BPADDR: in std | ogic_vector(7 dowmnto 0);
27 BPCTRL: in std_| ogic_vector(8 downto 0);
28 -- BPCTRL: in std | ogic_vector(15 downto 0);
29 -- BPD: out std_logic_vector(15 downto 0);
30 BPD_L_TRI STATE: out std_l ogic;

31 BPD_H TRI STATE: out std_l ogic;

32 bpd_h_dir: out std_l ogic;

33 bpd_| _dir: out std_|l ogic;

34 bpaddr _dir: out std_|l ogic;

35 bpaddr _tristate: out std_l ogic;

36 bpctrl _h_dir: out std_|l ogic;

37 bpctrl | _dir: out std_l ogic;

38 bpctrl _h_tristate: out std_|l ogic;

39 bpctrl _| _tristate: out std_|l ogic;

40 SW in std_|l ogic_vector(7 downto 0);
41 --

42 -- internal bus

43 --

44 - - D in std_|ogic_vector(15 downto 0);
45 C out std_l ogic_vector (15 downto 0)
46 )

47 end Pul seGenControl ;

48

49 architecture Pul seGenControl of Pul seGenControl is

50 begin

51 -- constant signals

52 C(15 downto 9) <= (others =>"'2Z");

53 bpd_h_dir <= "0";

54 bpd_|I _dir <= "0";

55 bpaddr _dir <= "'1";

56 bpaddr _tristate <= "'0';

57 bpctrl _h dir <="'0";

58 bpctrl | dir <="'1";

59 bpctrl _h_tristate <= "1";

60 bpctrl _| tristate <= '0";

61 BPD L_TRI STATE <= '1';

62 BPD_H TRI STATE <= '1';

63 LED(3 downto 2) <= "00";

64

65 Control : process(SYSCLK, BPCTRL(1l), SW

66 begin

67 if (SYSCLK event and SYSCLK = '1') then

68 C(0) <= BPCTRL(1);

69 C(8 downto 1) <= SW

70 LED( 1) <= BPCTRL(1);

71 end if;

72 end process;

73
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74
75 end Pul seGenContr ol
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Bus Address control

-- Digital to analog converter control |ines

Attribute PIN_NUMBERS of bpctrl_h_tristate is
Attribute PIN_NUMBERS of bpd_ | _tristate is "4";
Attribute PIN_NUMBERS of bpctrl _| _dir is "5";
-- Bus Data control

Attribute PIN_NUMBERS of bpctrl _| _tristate is
Attribute PIN_NUMBERS of bpctrl_h_dir is "8";
Attribute PIN_NUMBERS of bpd_|I _dir is "o";
-- Bus Ctrl signals

Attribute PIN_NUMBERS of bpctrl(0) is 11
Attribute PIN_NUMBERS of bpctrl(1l) is "2
Attribute PIN_NUMBERS of bpctrl(2) is "13";
Attribute PIN_NUMBERS of bpctrl(3) is "14";
Attribute PIN_NUMBERS of bpctrl(4) is "15";
Attribute PIN_NUMBERS of bpctrl(5) is "16";
Attribute PIN_NUMBERS of bpctrl(6) is AT
Attribute PIN_NUMBERS of bpctrl(7) is "18";
Attribute PIN_NUMBERS of bpctrl(8) is "23";
Attribute PIN_NUMBERS of bpctrl(9) is "24";
Attribute PIN_NUMBERS of bpctrl (10) is "25";
Attribute PIN_NUMBERS of bpctrl(11) is "26";
Attribute PIN_NUMBERS of bpctrl(12) is " 27"
Attribute PIN_NUMBERS of bpctrl (13) is "28";
Attribute PIN_NUMBERS of bpctrl(14) is "29";
Attribute PIN_NUMBERS of bpctrl (15) is "30";
-- Power up pins attached to r/c tiners
Attribute PIN_NUMBERS of SYSCLK is "19";
-- Bus address signals

Attribute PIN_NUMBERS of bpaddr(0) is "32";
Attribute PIN_NUMBERS of bpaddr(1l) is "33";
Attribute PIN_NUMBERS of bpaddr(2) is "34";
Attribute PIN_NUMBERS of bpaddr(3) is "35";
Attribute PIN_NUMBERS of bpaddr(4) is "36";
Attribute PIN_NUMBERS of bpaddr(5) is " 37"
Attribute PIN_NUMBERS of bpaddr(6) is "38";
Attribute PIN_NUMBERS of bpaddr(7) is "39";
-- Bus control control

Attribute PIN_NUMBERS of bpd_h_dir is "43";
Attribute PIN_NUMBERS of bpd_h_tristate is "42";
Attribute PI N NUMBERS of bpaddr_tristate is "44";
Attribute PI N NUMBERS of bpaddr_dir is " 45",
-- Lines driving LED s

Attribute PIN_NUMBERS of led(1l) is 47"
Attribute PIN_NUMBERS of led(2) is "48";
Attribute PIN_NUMBERS of |ed(3) is "49";
-- Address switch |lines

Attribute PI N NUMBERS of sw(3) is "51";
Attribute PI N NUMBERS of sw(2) is "52";
Attribute PI N NUMBERS of sw(1l) is "53";
Attribute PI N NUMBERS of sw(0) is "54";
Attribute PI N NUMBERS of sw(7) is "55";
Attribute PI N NUMBERS of sw(6) is "56";
Attribute PI N NUMBERS of sw(5) is "57";
Attribute PI N NUMBERS of sw(4) is "58";
Attribute PIN_NUMBERS of RESET_CNT is "78";

1
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-- Bus data signals
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c(13)
c(14)
c(15)

nunuuvunnunmnnunon

nuumunnunon

d( 15)
d(14)
d( 13)
d(12)
d(11)
d( 10)
d(9)
d(8)
d(7)
d(6)
d(s)
d(4)
d(3)
d(2)
d(1)
d(o)

nuumunnunon

nunumunnunmnnunon

bpd(0)
bpd(1)
bpd(2)
bpd(3)
bpd(4)
bpd(5)
bpd(6)
bpd(7)
bpd(8)
bpd(9)
bpd( 10)
bpd(11)
bpd(12)
bpd(13)
bpd( 14)
bpd( 15)

"98";

"103";
"104";
"105";
"106";
"107";
"108";
"109";
"110";
"112",
"113";
"114",
"115";
117t
"118";
"119";

"122";
"123";
"124",
"125";
"126";
"127",
"128";
"129";
"131";
"132";
"133";
"134";
"135";
"136";
"137",
"138";

"143";
"144",
"145";
"146";
"147",
"148";
"149";
"150";
"152";
s "153";
is "154";
is "155";
is "156";
is "157";
is "158";
is "159";

nmnmnmunununnon

Not avail able on 192 versi on.

Not avail able on 192 versi on.



4.4 Test Counter Chip

University of Hawaii — Institute for Astronomy
Counter Board



F: \ H85_P~I P\ ELECT~$_\ HARDWARE\ COUNT~JJ\ SOFTWARE\ TESTC~GB\ PULSE~A1\ Pul seGener ator.vhd 01/13/03 19: 22: 06

1 --

2 -- Pulse Generator

3 -- This is atest chip for the Counter boards. It creates 1 pulse
4 -- every X clock pulses. Were X is the value that read fromthe
5-- ((7:0]. Note: value is a binary val ue

6 --

7 - EE I b S S S S S I I I I I I I I I I b R I S b I I b I I S R S I S I S S I I S I
8 -- Revision history

9 --

10 -- Date Rev Eng Descri ption

i R e

12 -- 12/16/02 1 RY Initial File

13 --

14

15 library | EEE;
16 use | EEE. std_logic_1164.all;
17 use | EEE. std_I| ogi c_unsigned. all;

18

19 entity PulseCen is

20 port (

21 SYSCLK: in STD LOG C;

22 C in STD LOd C_VECTOR(8 downto 0);
23 PULSE_OUT: out STD LOG C VECTOR(4 downto 1);
24 D: out STD LOG C VECTOR(15 downto 0);
25 DCl : in STD LOd C_VECTOR( 14 downto 0);
26 DCO. out STD LOG C VECTOR(14 downto 0)
27 )

28 end Pul seGen;

29

30 architecture Pul seGen of Pul seGen is

31 si gnal count: STD LOd C_VECTOR(15 downto 0):=(others => '0");
32 si gnal pul se: STD_LOA G

33 si gnal max_count: STD LOJ C_VECTOR( 15 downto 0);

34 begin

35 MaxCount : process (SYSCLK, C(5 downto 1))

36 begin

37 i f (SYSCLK event and SYSCLK = '"1') then

38 -- NOTE: C(5 downto 1) coresponds to SW5 downto 1)
39 case (C(5 downto 1)) is

40 when "00000" => max_count <= x"0002";

41 when "00001" => max_count <= x"0004";

42 when "00010" => max_count <= x"0008";

43 when "00011" => max_count <= x"0010";

44 when "00100" => max_count <= x"0020";

45 when "00101" => max_count <= x"0040";

46 when "00110" => max_count <= x"0080";

47 when "00111" => max_count <= x"0100";

48 when "01000" => max_count <= x"0200";

49 when "01001" => max_count <= x"0400";

50 when "01010" => max_count <= x"0800";

51 when "01011" => max_count <= x"1000";

52 when "01100" => max_count <= x"2000";

53 when "01101" => max_count <= x"4000";

54 when "01110" => max_count <= x"8000";

55 when "01111" => max_count <= Xx"FFFF";

56 when ot hers => nmax_count <= x"0003";

57 end case,;

58 end if;

59 end process;

60

61 -- Count until counter hits value on C then create pulse and reset counter
62 Counter : process (SYSCLK, O

63 begin

64 if (SYSCLK event and SYSCLK = '1') then

65 if (count = max_count)then

66 pul se <= '1';

67 count <= (others => '0");

68 -- wite value of count to DCO for debugging
69 DCQO(13 downto 0) <= count(13 downto 0);
70 el se

71 pul se <= '0';

72 count <= count + 1;

73 -- wite value of count to DCO for debuggi ng
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74 DCQO(13 downto 0) <= count(13 downto 0);
75 end if;

76 end if;

77 end process;

78

79 -- for debugging, route clock signal to DCQ(14)
80 DCO(14) <= SYSCLK;

81

82 Qut put : process (SYSCLK, C(8 downto 6))
83 begi n

84 if (SYSCLK event and SYSCLK = '1') then
85 -- NOTE: C(58 downto 6) coresponds to SW8 downto 6)
86 case (C(8 downto 6)) is

87 -- No Counts - All zeros

88 when "000" =>

89 PULSE QUT(1) <= "'0'

90 PULSE QUT(2) <= "'0'

91 PULSE QUT(3) <= "'0'

92 PULSE QUT(4) <="'0'

93 -- Low Counts ONLY

94 when "001" =>

95 if (C(0)="0") then

96 PULSE QUT(1) <= pul se
97 PULSE QUT(2) <= pul se
98 PULSE QUT(3) <= pul se
99 PULSE QUT(4) <= pul se
100 el se

101 PULSE QUT(1) <= "'0'
102 PULSE QUT(2) <= "'0'
103 PULSE QUT(3) <= "'0'
104 PULSE QUT(4) <="'0'
105 end if;

106 -- Hi gh Counts ONLY

107 when "010" =>

108 if (C(0)="1) then

109 PULSE QUT(1) <= pul se;
110 PULSE QUT(2) <= pul se
111 PULSE QUT(3) <= pul se
112 PULSE QUT(4) <= pul se;
113 el se

114 PULSE QUT(1) <= "'0'
115 PULSE QUT(2) <= "'0'
116 PULSE QUT(3) <= "'0'
117 PULSE QUT(4) <="'0'
118 end if;

119 -- Count ALL

120 when "011" =>

121 PULSE QUT(1) <= pul se

122 PULSE QUT(2) <= pul se

123 PULSE QUT(3) <= pul se

124 PULSE QUT(4) <= pul se

125 when ot hers =>

126 PULSE QUT(1) <= pul se

127 PULSE QUT(2) <= pul se

128 PULSE QUT(3) <= pul se

129 PULSE QUT(4) <= pul se

130 end case,;

131 end if;

132 end process;

133 end Pul seGen

Page: 2
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1 Attribute PIN_NUVBERS of DCO(0) is P
2 Attribute Pl N_NUVBERS of DCO(1) is "3
3 Attribute PIN_NUVBERS of DCO(2) is "4
4 Attribute PIN_NUVBERS of DCO(3) is "5
5 Attribute Pl N_NUVBERS of DCO(4) is "7
6 Attribute PI N NUVBERS of DCO(5) is "g":
7 Attribute Pl N_NUVBERS of DCO(6) is "9
8 Attribute PI N NUVBERS of DCO(7) is 11"
9 Attribute PI N_NUVBERS of DCO(8) is 12"
10 Attribute PIN_NUVBERS of DCO(9) is "13":
11 Attribute PIN_NUVBERS of DCO(10) is " 14"
12 Attribute PIN_NUVBERS of DCO(11) is "15":
13 Attribute PIN_NUVBERS of DCO(12) is "16":
14 Attribute PIN_NUVBERS of DCO(13) is "17"
15 Attribute PIN_NUVBERS of DCO(14) is "18":
16

17 Attribute PIN_NUVBERS of SYSCLK is "19":
18 Attribute PIN_NUVBERS of PULSE OUT(1) is "23";

19 Attribute PIN_NUVBERS of PULSE OUT(2) is "24";

20

21 -- Attribute PIN_NUVBERS of RESET CNT is "78":

22

23 Attribute PIN_NUMBERS of DCI (0) is "119";

24 Attribute PIN_NUMBERS of DCI (1) is "118";

25 Attribute PI N_NUMBERS of DCI (2) is "117";

26 Attribute PIN_NUMBERS of DCI (3) is "115";

27 Attribute PIN_NUMBERS of DCI (4) is "114";

28 Attribute PIN_NUMBERS of DCI (5) is "113";

29 Attribute PI N_NUMBERS of DCI (6) is "112";

30 Attribute PIN_NUVBERS of DCl(7) is "110";

31 Attribute PIN_NUVBERS of DCl (8) is "109";

32 Attribute PIN_NUVBERS of DCl (9) is "108";

33 Attribute PIN_NUVBERS of DCl(10) is "107";
34 Attribute PIN_NUVBERS of DCl(11) is "106";
35 Attribute PIN_NUVBERS of DCl(12) is "105";
36 Attribute PIN_NUVBERS of DCl(13) is "104";
37 Attribute PIN_NUVBERS of DCl (14) is "103";
38

39 Attribute PIN_NUMBERS of PULSE QUT(4) is "98";

40 Attribute PIN_NUMBERS of PULSE QUT(3) is "97":

41

42 Attribute PIN_NUMBERS of D(0) is "138";

43 Attribute Pl N_NUMBERS of D(1) is "137";

44 Attribute Pl N_NUMBERS of DX{2) is "136";

45 Attribute Pl N_NUMBERS of DX(3) is "135";

46 Attribute PI N_NUVBERS of D(4) is "134";

47 Attribute Pl N_NUMBERS of D(5) is "133";

48 Attribute Pl N_NUVBERS of DX{6) is "132";

49 Attribute Pl N_NUMBERS of D(7) is "131";

50 Attribute PI N_NUMBERS of [X8) is "129";

51 Attribute PI N_NUMBERS of D(9) is "128";

52 Attribute PI N_NUMBERS of D(10) is "127";

53 Attribute PI N_NUMBERS of D(11) is "126";

54 Attribute PI N_NUMBERS of D(12) is "125";

55 Attribute PI N_NUMBERS of D(13) is "124";

56 Attribute PI N_NUMBERS of D(14) is "123";

57 Attribute PI N_NUMBERS of D(15) is "122";

58

59 Attribute PI N NUMBERS of C(0) is "159";

60 Attribute PI N_NUMBERS of C(1) is "158";

61 Attribute PI N_NUMBERS of C(2) is "157";

62 Attribute PI N_NUMBERS of C(3) is "156";

63 Attribute PI N_NUMBERS of C(4) is "155";

64 Attribute PI N_NUMBERS of C(5) is "154";

65 Attribute PI N_NUMBERS of C(6) is "153";

66 Attribute PI N_NUMBERS of C(7) is "152";

67 Attribute PI N_NUMBERS of C(8) is "150";

68 Attribute PI N_NUMBERS of C(9) is "149";

69 Attribute PI N_NUMBERS of C(10) is "148";

70 Attribute PI N NUMBERS of C(11) is "147";

71 Attribute PI N_NUMBERS of C(12) is "146":

72 Attribute PI N_NUMBERS of C(13) is "145":

73 Attribute PIN_NUMBERS of C(14) is "144":
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74 Attribute PIN_NUMBERS of C(15) is "143"

75

76 - - DEBUG

77 --Attribute PIN_NUMBERS of OUTEN is "48";

78 --END DEBUG

Page: 2



5 Datasheets

51 74AC14

University of Hawaii — Institute for Astronomy
Counter Board



SN54AC14, SN74AC14
HEX SCHMITT-TRIGGER INVERTERS

SCAS522E — AUGUST 1995 — REVISED SEPTEMBER 2002

® 2-Vto 6-V Ve Operation
® Inputs Accept Voltages to 6 V
® Maxtpgof95nsatsV

SN54AC14 ...J OR W PACKAGE

SN74AC14 ...D, DB, N, NS, OR PW PACKAGE

(TOP VIEW)
1A[) 1 > 14f] Vee
1y (]2 13[] 6A
2A[] 3 12[] 6Y
2Y[] 4 11]] 5A
3A(] s 10]] 5Y
3Y[] s o[] 4A

GND[] 7 [l 4y

description/ordering information

SN54AC14 ... FK PACKAGE

(TOP VIEW)
O
©
S52z2P3
/ LI JLdL]
3 2 1 2019
2A :|4 181 6Y
NC[]5 17[] NC
2Y([]e 16[] 5A
NC[]7 15[] NC
3A[] s 14[] 5Y
9 10 11 12 13
A rr
>0 0><
[So T I
o

NC — No internal connection

These Schmitt-trigger devices contain six independent inverters. They perform the Boolean function Y = A.
Because of the Schmitt action, they have different input threshold levels for positive-going (V14) and for
negative-going (V1_) signals.

These circuits are temperature compensated and can be triggered from the slowest of input ramps and still give
clean, jitter-free output signals. They also have a greater noise margin than conventional inverters.

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of

ORDERING INFORMATION

ORDERABLE TOP-SIDE
+
A PACKAGE PART NUMBER MARKING
PDIP - N Tube SN74AC14N SN74AC14N
Tube SN74AC14D
SOIC-D AC14
Tape and reel SN74AC14DR
—40°C to 85°C
SOP - NS Tape and reel | SN74AC14NSR AC14
SSOP - DB Tape and reel | SN74AC14DBR AC14
TSSOP - PW Tape and reel | SN74AC14PWR AC14
CDIP —-J Tube SNJ54AC14J SNJ54AC14J
-55°Cto 125°C  |CFP - W Tube SNJ54AC14W SNJ54AC14W
LCCC - FK Tube SNJ54AC14FK SNJ54AC14FK

t Package drawings, standard packing quantities, thermal data, symbolization, and PCB design guidelines are
available at www.ti.com/sc/package.

FUNCTION TABLE
(each inverter)

INPUT OUTPUT
A Y
H L
L H

Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of Texas Instruments

Jard warranty. Prodi
testing of all parameters.

pr ing does not r

ily include

{'3 TEXAS

INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265

Copyright 00 2002, Texas Instruments Incorporated

On products compliant to MIL-PRF-38535, all parameters are tested
unless otherwise noted. On all other products, production
processing does not necessarily include testing of all parameters.




SN54AC14, SN74AC14
HEX SCHMITT-TRIGGER INVERTERS

SCAS522E — AUGUST 1995 — REVISED SEPTEMBER 2002

logic diagram, each inverter (positive logic)

A

> Y

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Supply voltage range, Vcc

Input voltage range, V| (see Note 1) ..........

Output voltage range, Vg (see Note 1)

......................................... —05Vto7V
.................................. —05Vto Ve +0.5V
.................................. —0.5VtoVee +0.5V

Input clamp current, kK (Vi <O Or V> VEE) « oo +20 mA
Output clamp current, Iok (Vo <O 0rVo > VEE) v +20 mA
Continuous output current, Ig (Vo = 0t0 VEE) - v v v +50 mA
Continuous current through Voo or GND ... +200 mA
Package thermal impedance, 03p (see Note 2): Dpackage ........... ... .. it 86°C/W
DBpackage ............. i, 96°C/W
Npackage ..........iiiiiiiiiiii i, 80°C/W
NSpackage .......... ..., 76°C/W
PWpackage ..............ciiiiiiiiiii, 113°C/W

Storage temperature range, Tgtg - -« -« -« -

—65°C to 150°C

T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTES: 1. The input and output voltage ratings may be exceeded if the input and output current ratings are observed.

2. The package thermal impedance is calculated in accordance with JESD 51-7.

recommended operating conditions (see Note 3)

SN54AC14 SN74AC14
MIN  MAX MIN  MAX UNIT
Vce Supply voltage 2 6 2 6 \%
V| Input voltage 0 Vcc Vce \
Vo Output voltage 0 Vcc Vce \Y
Vec =3V -12 -12
loH High-level output current Vcc =45V -24 -24 mA
Vec =55V 24 24
Vcc=3V 12 12
loL Low-level output current Vcc =45V 24 241 mA
Vec =55V 24 24
TA Operating free-air temperature -55 125 -40 85 °C
NOTE 3: All unused inputs of the device must be held at Vcc or GND to ensure proper device operation. Refer to the TI application report,

Implications of Slow or Floating CMOS Inputs, literature number SCBA004.

Q’ TeEXAS
INSTRUMENTS

2 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



SN54AC14, SN74AC14
HEX SCHMITT-TRIGGER INVERTERS

SCAS522E — AUGUST 1995 — REVISED SEPTEMBER 2002

electrical characteristics over recommended operating free-air temperature range (unless
otherwise noted)

Tp = 25°C SN54AC14 SN74AC14
PARAMETER TEST CONDITIONS Vee UNIT
MIN  TYP MAX| MIN MAX| MIN MAX
V 3V 0.8 1.8 2.2 0.8 2.2 0.8 2.2
T+
Positive-going 45V 15 2.6 3.2 15 3.2 15 3.2 \Y
threshold 55V 16 32 39| 16 39| 16 39
Vv 3V 0.5 0.8 1 0.5 1 0.5 1
T—
Negative-going 45V 0.9 1.4 1.8 0.9 18 0.9 1.8 \%
threshold 55V 11 18 23| 11 23] 11 23
AVT 3V 0.3 1 1.2 0.3 1.2 0.3 1.2
Hysteresis 45V 0.4 1.2 1.4 0.4 14 0.4 1.4 \%
(VT+-VT1) 5.5V 05 14 16| 05 16| 05 16
3V 2.9 2.9 2.9
loH = — 50 pA 45V 4.4 4.4 4.4
55V 5.4 5.4 5.4
loH=-12mA 3v | 256 2.4 2.48
VOH \%
45v | 3.86 3.7 3.8
loH=-24 mA
55V | 4.86 4.7 4.8
IoH = - 50 mAT 55V 3.85
loH = - 75 mAT 55V 3.85
3V 0.002 0.1 0.1 0.1
loL = 50 pA 45V 0.001 0.1 0.1 0.1
55V 0.001 0.1 0.1 0.1
loL = 12 mA 3V 0.36 0.5 0.44
VoL v
45V 0.36 0.5 0.44
loL =24 mA
55V 0.36 0.5 0.44
loL =50 mAT 55V 1.65
loL = 75 mAT 55V 1.65
I V| = Ve or GND 55V +0.1 +1 #1| pA
Icc V| =Vcc or GND, lo=0 55V 2 40 20| pA
G VI = Ve or GND 5V 45 pF
t Not more than one output should be tested at a time, and the duration of the test should not exceed 10 ms.
switching characteristics over recommended operating free-air temperature range,
Vce =3.3V £ 0.3V (unless otherwise noted) (see Figure 1)
Ta = 25°C SN54AC14 SN74AC14
PARAMETER FROM TO A UNIT
(INPUT) (OUTPUT) MIN TYP MAX| MIN MAX| MIN MAX
tpLH 15 6 135 1 16 15 15
A Y ns
tPHL 15 6 115 1 14 15 13

‘9 TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 3



SN54AC14, SN74AC14
HEX SCHMITT-TRIGGER INVERTERS

SCAS522E — AUGUST 1995 — REVISED SEPTEMBER 2002

switching characteristics over recommended operating free-air temperature range,
Vce =5V £+ 0.5V (unless otherwise noted) (see Figure 1)

FROM TO Tp =25°C SN54AC14 SN74AC14
PARAMETER UNIT
(INPUT) (OUTPUT) MIN  TYP MAX]| MIN MAX| MIN MAX
tPLH 15 5 10 15 12 15 11
A Y ns
tPHL 15 5 8.5 15 10 15 95

operating characteristics, Vcc =5V, Tp = 25°C
PARAMETER TEST CONDITIONS TYP UNIT
Cpd Power dissipation capacitance CL = 50pF, f=1MHz 25 pF

PARAMETER MEASUREMENT INFORMATION

TEST st . pe— Vce

Input
tpLH/tPHL Open (see Note B) ‘ 50% Vce | 50% Vcc oV

| \
5 2xVce tpLH +—q | tPHL

500 Q Sl/‘ @) In-Phase \ | ! VoH
0,
From Output OPEN output | 50% Ve SOA)V(\;/C
OL

Under Test \ \
tPHL H H—P“— tPLH
\ \

Out-of-Phase 50% V 50% V o
- Output cc <

——— VoL

CL =50pF l 500 Q
(see Note A) I
LOAD CIRCUIT VOLTAGE WAVEFORMS
NOTES: A. Cp includes probe and jig capacitance.
B. Allinput pulses are supplied by generators having the following characteristics: PRR <1 MHz, Zo =50 Q, t = 2.5ns, tf < 2.5ns.

C. The outputs are measured one at a time with one input transition per measurement.

Figure 1. Load Circuit and Voltage Waveforms

Q’ TeEXAS
INSTRUMENTS

4 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications,
enhancements, improvements, and other changes to its products and services at any time and to discontinue
any product or service without notice. Customers should obtain the latest relevant information before placing
orders and should verify that such information is current and complete. All products are sold subjectto TI's terms
and conditions of sale supplied at the time of order acknowledgment.

TI warrants performance of its hardware products to the specifications applicable at the time of sale in
accordance with TI's standard warranty. Testing and other quality control techniques are used to the extent Tl
deems necessary to support this warranty. Except where mandated by government requirements, testing of all
parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for
their products and applications using Tl components. To minimize the risks associated with customer products
and applications, customers should provide adequate design and operating safeguards.

Tl does not warrant or represent that any license, either express or implied, is granted under any Tl patent right,
copyright, mask work right, or other Tl intellectual property right relating to any combination, machine, or process
in which T1 products or services are used. Information published by Tl regarding third—party products or services
does not constitute a license from Tl to use such products or services or a warranty or endorsement thereof.
Use of such information may require a license from a third party under the patents or other intellectual property
of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of information in Tl data books or data sheets is permissible only if reproduction is without
alteration and is accompanied by all associated warranties, conditions, limitations, and notices. Reproduction
of this information with alteration is an unfair and deceptive business practice. Tl is not responsible or liable for
such altered documentation.

Resale of Tl products or services with statements different from or beyond the parameters stated by Tl for that
product or service voids all express and any implied warranties for the associated TI product or service and
is an unfair and deceptive business practice. Tl is not responsible or liable for any such statements.

Mailing Address:
Texas Instruments

Post Office Box 655303
Dallas, Texas 75265

Copyright 00 2002, Texas Instruments Incorporated
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SEMICONDUCTORT™

November 1988
Revised November 1999

7T4AC245 « 74ACT245

Octal Bidirectional Transceiver with 3-STATE
Inputs/Outputs

General Description
The AC/ACT245 contains eight non-inverting bidirectional m |cc and lgz reduced by 50%

buffers with 3-STATE outputs and is intended for bus-ori-

Features

Noninverting buffers

n
ented applications. Current sinking capability is 24 mA at e
both the A and B ports. The Transmit/Receive (T/R) input = Bidirectional data path
|
n

determines the direction of data flow through the bidirec-
tional transceiver. Transmit (active-HIGH) enables data

A and B outputs source/sink 24 mA
ACT245 has TTL-compatible inputs

from A ports to B ports; Receive (active-LOW) enables
data from B ports to A ports. The Output Enable input,
when HIGH, disables both A and B ports by placing them in
a HIGH Z condition.

Ordering Code:

Order Number

Package Number

Package Description

74AC245SC M20B 20-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-013, 0.300” Wide Body
74AC245SJ M20D 20-Lead Small Outline Package (SOP), EIAJ TYPE II, 5.3mm Wide

74AC245MTC MTC20 20-Lead Thin Shrink Small Outline Package (TSSOP), JEDEC MO-153, 4.4mm Wide
T4AC245PC N20A 20-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300” Wide
T4ACT245SC M20B 20-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-013, 0.300” Wide Body
74ACT245S) M20D 20-Lead Small Outline Package (SOP), EIAJ TYPE Il, 5.3mm Wide

74ACT245MSA MSA20 20-Lead Shrink Small Outline Package (SSOP), EIAJ TYPE Il, 5.3mm Wide
74ACT245MTC MTC20 20-Lead Thin Shrink Small Outline Package (TSSOP), JEDEC MO-153, 4.4mm Wide
74ACT245PC N20A 20-Lead Plastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300” Wide

Device also available in Tape and Reel. Specify by appending suffix letter “X” to the ordering code.

FACTUO is a trademark of Fairchild Semiconductor Corporation.

© 1999 Fairchild Semiconductor Corporation DS009944 www.fairchildsemi.com
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T4AC245 « T4AACT245

Connection Diagram

Pin Descriptions

_ \) -
T/R—1 EVcc Pin o
o =2 19 o Description
e, Sanes
4 _L@ 17 OE Output Enable Input
A2_5£_|_ EB1 _
Az — B Py TR Transmit/Receive Input
6 1 15
Ay @_BS Ag—-A; Side A 3-STATE Inputs or 3-STATE Outputs
Aslf_\_@ih
) s | iy By-B; |Side B 3-STATE Inputs or 3-STATE Outputs
a2y ——=B{2s Sl
6 fj_ 5
U 15— LY
710&@11 6 Tl’uth Table
GND— —8,
Inputs
: — — Outputs
Logic Symbols OF TR P
NN L L Bus B Data to Bus A
ol T e H Bus A Data to Bus B
_ H X HIGH-Z State
-~ By By B, By B, By By B
0 1 2 5 4 5 6 7 H = HIGH Voltage Level

IEEE/IEC

0E

G3

/R 3EN
t 3 EN2 (4B)

1 (BA)

AO—E v 3—50
> 2v
Ay —] 5,
Ay — >3,
Ay —a] 5
Ay —] )
Ay —t—p] 4>
Ay —a—>] >—3;
Ay —] >3,

L = LOW Voltage Level
X = Immaterial
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Absolute Maximum Ratingsote 1)

Supply Voltage (Vcc)

DC Input Diode Current (I,x)
V,=-0.5V
V| =V¢c + 0.5V

DC Input Voltage (V))

DC Output Diode Current (Igk)
Vo =-0.5V
Vo =Vcc + 0.5V

DC Output Voltage (Vo)

DC Output Source
or Sink Current (Ip)

DC V¢ or Ground Current
per Output Pin (Icc or Ignp)

Storage Temperature (Tstg)

Junction Temperature (T )
PDIP

DC Electrical Characteristics for AC

-0.5V to +7.0V

-20 mA

+20 mA

-0.5V to V¢ + 0.5V
-20 mA

+20 mA

-0.5V to Ve + 0.5V

+50 mA

+50 mA
-65°C to +150°C

140°C

Recommended Operating

Conditions

Supply Voltage (Vcc)
AC
ACT
Input Voltage (V))
Output Voltage (Vo)
Operating Temperature (Tp)
Minimum Input Edge Rate (AV/At)
AC Devices
V) from 30% to 70% of Ve
Vee @ 3.3V, 4.5V, 5.5V
Minimum Input Edge Rate (AV/At)
ACT Devices
V,\ from 0.8V to 2.0V
Vee @ 4.5V, 5.5V

2.0V to 6.0V
4.5V to 5.5V
0V to Ve

0V to Ve
-40°C to +85°C

125 mV/ns

125 mV/ns

Note 1: Absolute maximum ratings are those values beyond which damage
to the device may occur. The databook specifications should be met, with-
out exception, to ensure that the system design is reliable over its power
supply, temperature, and output/input loading variables. Fairchild does not
recommend operation of FACTO circuits outside databook specifications.

vV Ty =+25°C Ta = —40°C to +85°C
Symbol Parameter cc Units Conditions
V) Typ Guaranteed Limits
Vin Minimum HIGH Level 3.0 15 21 2.1 Vour = 0.1V
Input Voltage 4.5 2.25 3.15 3.15 \% orVee - 0.1V
55 2.75 3.85 3.85
VL Maximum LOW Level 3.0 15 0.9 0.9 Vour =0.1V
Input Voltage 4.5 2.25 1.35 1.35 \% orVec - 0.1V
55 2.75 1.65 1.65
Von Minimum HIGH Level 3.0 2.99 2.9 29
Output Voltage 4.5 4.49 4.4 4.4 \% lout =50 HA
55 5.49 5.4 5.4
ViN =V or Viy
3.0 2.56 2.46 lop =-12mA
4.5 3.86 3.76 \Y loy =-24 mA
55 4.86 4.76 lon =24 mA (Note 2)
VoL Maximum LOW Level 3.0 0.002 0.1 0.1
Output Voltage 4.5 0.001 0.1 0.1 \% lout =50 HA
55 0.001 0.1 0.1
ViN=VjLor Viy
3.0 0.36 0.44 loL =12 mA
4.5 0.36 0.44 \Y loL =24 mA
55 0.36 0.44 loL =24 mA (Note 2)
IIN (Note 4y | Maximum Input Leakage Current 55 +0.1 +1.0 WA |V|=Vcc, GND
loLp Dynamic Output 55 75 mA |V p =165V Max
oo | Current Minimum (Note 3) 55 -75 mA  |Vonp = 3.85V Min
Icc (Note 4) | Maximum Quiescent Supply Current 55 4.0 40.0 HA Vin = Ve or GND
lozt Maximum 1/O V| (OE) =V, Vij
Leakage Current 55 +0.3 +3.0 HA V,=Vcc, GND
Vo = Ve, GND

Note 2: All outputs loaded; thresholds on input associated with output under test.
Note 3: Maximum test duration 2.0 ms, one output loaded at a time.
Note 4: I;y and Icc @ 3.0V are guaranteed to be less than or equal to the respective limit @ 5.5V V¢c.

www.fairchildsemi.com
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T4AC245 « T4AACT245

DC Characteristics for ACT

Vee Ta =+25°C Ta =-40°C to +85°C
Symbol Parameter Units Conditions
) Typ Guaranteed Limits
Vin Minimum HIGH Level 4.5 15 2.0 2.0 v Vour = 0.1V
Input Voltage 55 15 2.0 20 or Vec - 0.1V
Vi Maximum LOW Level 45 15 0.8 0.8 v Vour =0.1V
Input Voltage 55 15 0.8 0.8 orVee - 0.1V
Vou Minimum HIGH Level 4.5 4.49 4.4 4.4
Output Voltage 55 5.49 5.4 54 Vo |lour=-50pA
ViN=ViLorViy
45 3.86 3.76 lon =24 mA
55 4.86 4.76 \Y lon = —24 mA (Note 5)
VoL Maximum LOW Level 4.5 0.001 0.1 0.1
\ lout =50 A
Output Voltage 55 0.001 0.1 0.1
ViN=ViLorViy
4.5 0.36 0.44 v loL =24 mA
5.5 0.36 0.44 loL =24 mA (Note 5)
In Maximum Input
55 £0.1 £1.0 PA |V, =V, GND
Leakage Current
lect Maximum 55 0.6 15 mA [V, =Vee - 2.1V
lcc/Input
loLp Dynamic Output 55 75 mA Vorp = 1.65V Max
Tlono | Current Minimum (Note 6) 55 -75 mA |Vonp = 3.85V Min
lec Maximum Quiescent 55 40 40,0 A Vin=Vee
Supply Current or GND
lozt Maximum 1/O V, (OE) =V, Vi
Leakage Current 55 +0.3 +3.0 HA V| =Vce, GND
Vo = Ve, GND
Note 5: All outputs loaded; thresholds on input associated with output under test.
Note 6: Maximum test duration 2.0 ms, one output loaded at a time.
AC Electrical Characteristics for AC
Vee Tp =+25°C Tp =-40°C to +85°C
Symbol Parameter ) C_ =50pF C_ =50 pF Units
(Note 7) Min Typ Max Min Max
tpLH Propagation Delay 33 15 5.0 8.5 1.0 9.0
AntoBporB,to A, 5.0 15 35 6.5 1.0 7.0 ne
tpHL Propagation Delay 33 15 5.0 8.5 1.0 9.0
Anto B, Or By to A, 5.0 15 3.5 6.0 1.0 7.0 ns
tpzH Output Enable Time 33 25 7.0 11.5 2.0 125
5.0 15 5.0 8.5 1.0 9.0 ns
tpzL Output Enable Time 33 25 7.5 12.0 2.0 135
5.0 15 5.5 9.0 1.0 9.5 ne
tpuz Output Disable Time 33 2.0 6.5 12.0 1.0 125
5.0 15 55 9.0 1.0 10.0 ns
tpLz Output Disable Time 33 2.0 7.0 115 15 13.0
5.0 15 55 9.0 1.0 10.0 ns

Note 7: Voltage Range 3.3 is 3.3V + 0.3V
Voltage Range 5.0 is 5.0V + 0.5V

www.fairchildsemi.com




AC Electrical Characteristics for ACT

Vee Tp = +25°C Ta = —40°C to +85°C
Symbol Parameter ) CL =50 pF C_=50pF Units
(Note 8) Min Typ Max Min Max
! Propagation Dela
PLH pag y 5.0 15 4.0 75 15 8.0 ns
A,to B,orB,to A,
t Propagation Dela
PHL pag y 5.0 15 4.0 8.0 1.0 9.0 ns
A toB,orB,to Ay
tozH Output Enable Time 5.0 15 5.0 10.0 15 11.0 ns
tpzL Output Enable Time 5.0 15 55 10.0 15 12.0 ns
tpHz Output Disable Time 5.0 15 55 10.0 1.0 11.0 ns
tpz Output Disable Time 5.0 2.0 5.0 10.0 15 11.0 ns
Note 8: Voltage Range 5.0 is 5.0V + 0.5V
Capacitance
Symbol Parameter Typ Units Conditions
Cin Input Capacitance 45 pF Ve = OPEN
Cio Input/Output Capacitance 15.0 pF Vce =5.0V
Cpp Power Dissipation Capacitance 45.0 pF Vee =5.0V

5 www.fairchildsemi.com
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T4AC245 « T4AACT245

Physical Dimensions

0.291-0.299
{7.391-7.595)
0.010-0.029

02sa—0.7an <*T [

. 1
o T

inches (millimeters) unless otherwise noted

0.496 —0.512

(12.598 ~13.005)

i
0.394-0.419
{10.008 —10.643)
]

0.004 /

0.009-0.013 12

(0.220—0.330) ALL LEAD TIPS
TYP ALL LEADS

L

20-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-013, 0.300"” Wide Body

@) “TYP
LEADND. 1 _ T
1BENT
sougeiuggl
T 1 2z a3 4 5 5 7 8 9 10
0.010 MAX
0.259)
0.093-0.104
{2.362—2.622)
S 1 0.004-0.012
B° MAX TYP 0.008-0.012
ALL LEADS \ ©e2-0305
—Ei s T S i ;| j * SEATING
i T ? T PLANE
0.014
0.016-0.050 036 w200 . 0,014 0.020 yp
(0.406—1.27D) {1.210) {0.356 —0.508)
TYP ALL LEADS TYp
0.008 pyp
10.203) M20B (BEv F)

Package Number M20B
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Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

0.40 TYP —amy r
20

o

12.6+0.10 ——————=t

5.3+0.10

1

7
|_| (D[ o2[c]8lA]

10 ALL LEAD TIPS

PIN #1 IDENT.
ALLLEADTIPS
srvax— [ [2]o1]c]
— 1.820.1
A AL
— 0.15+0.06

DIMENSIONS ARE IN MILLIMETERS

NOTES:

A

B.
C.

CONFORMS TO EIAJ EDR-7320 REGISTRATICN,

ESTABLISHED IN DECEMBER, 1998.
DIMENSIONS ARE IN MILLIMETERS.

DIMENSIONS ARE EXCLUSIVE OF BURRS, MOLD

FLASH, AND TIE BAR EXTRUSIONS.

M20DRevB1

1_
(213TYP)

o

127 TYP ——1 J——

U1

____+____ 501TYP

2

[

|

[ﬂ

00,

927TYP

10

1

AL

LAND PATTERN RECOMMENDATION

/_\/— SEE DETAIL A

-

/

wa

N

0°-8°TYP

~

.

[ —
S

0.15-0.25 ]

0.6010.15“‘

L

1.25 —ei

\ SEATING PLANE

DETAIL A

20-Lead Small Outline Package (SOP), EIAJ TYPE II, 5.3mm Wide
Package Number M20D

www.fairchildsemi.com
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T4AC245 « T4AACT245

Phys ical Dimensions inches (millimeters) unless otherwise noted (Continued)

nanmn

i
f
|
[
|
|
i

1.50 ‘
N
%

g1.2—"

MHHHMHHHH

L*Z 35

———————7.40 MAX 7.90% 0.20 ————
7201005 5301005
0.68+ 0.12 H~| A
! [=A-]
[ i 0.20 % 0.05
‘ I L/F THICKNESS

-]

180:!:005 —

. X

+0.05
0.800 £ 0.025 III' 0,15 <0lto T 4es 30
J—‘f —[ TYP

0.30% 0.10 TYPJ I« 'C' 0.60% 0.15

TP MSA20 (REV A)

20-Lead Shrink Small Outline Package (SSOP), EIAJ TYPE I, 5.3mm Wide
Package Number MSA20

www.fairchildsemi.com 8




Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

- ‘oD.ZD
20

1000nnnan

I ————— 4.4:0.1[B)
( : 1
1
1 ! 0 ALL LEAD TIPS
PIN #1 IDENT.
[22]oa]c]
1oMax. ALLLEADTIPS ‘°9°+818

] J L 01005
Q. 19 0.30
[&To10 @ [A[eBcO)

DIMENSIONS ARE IN MILLIMETERS

NOTES:

A. CONFORMS TO JEDEC REGISTRATION MO-153, VARIATION AC,
REF NOTE 6, DATE 7/93.

B. DIMENSIONS ARE IN MILLIMETERS.

DIMENSIONS ARE EXCLUSIVE OF BURRS, MOLD FLASH, AND
TIE BAR EXTRUSIONS.

D. DIMENSIONS AND TOLERANCES PER ANSI Y14.5M, 1982,

o

MTC20RevD1

nooooonn - |

1

vt b

LAND PATTERN RECOMMENDATION

oo

—-} 1»0.42

SEE DETAIL A
=
s
\
( =— =) 0.09-0.20
N

GAGE PLANE

0.25

\\— SEATING PLANE
RO.09 MIN

DETAIL A

20-Lead Thin Shrink Small Outline Package, (TSSOP) JEDEC
Package Number MTC20

www.fairchildsemi.com
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7T4AC245 « 7TAACT?245 Octal Bidirectional Transceiver with 3-STATE

Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

1.013-1.040
0,002 X 0.030 {25.73-2642)
(2.337 X 0.762) \ 0.032+0.005
20 19 18 17 18 15 14 13 12 11 —_—
MAX DP [z0] [8] [m] [77] [76] [1s] [v@] 73] [i7] [7d] ? 0813:0127)
N RAD
PINNO. 1 IDENT—~_ 0.260 +0.005
(6.604 -0.127) PIN NO. 1 IDENT—~
0.280 e
b OPTION 1
iz T O O O o O O ]
0.090
0.300-0.320 . 7758 0PTION 2
(7.620-8128) 0.060 NOM 0.040 OPTION 2
0065  (.520) | i 015)_" = e | (_M
0.065 : : : {3302 0.127)
650 TVYP TYP i
b | | A 0.145-0.200
N | saasosn
95%5° 0.009-0.015 1 90°:0.004° f [
U™ {0.229-0381) 1 oo
‘ Tve “DU*“”"A_J F 0.125-0.140  {0.508)
0.060 +0.005 (2.5400.250) 0.018-0003 || [3775-3556) MIN
" a2 11080 (152420.127) {0457:0076)
325 g5
+1.016
(3.255 70381)

N20A (REV G

20-Lead Plastic Dual-In-Line (PDIP), JEDEC MS-001, 0.300" Wide
Package Number N20A

Fairchild does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and
Fairchild reserves the right at any time without notice to change said circuitry and specifications.

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF FAIRCHILD
SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or systems 2. A critical component in any component of a life support

which, (a) are intended for surgical implant into the device or system whose failure to perform can be rea-
body, or (b) support or sustain life, and (c) whose failure sonably expected to cause the failure of the life support
to perform when properly used in accordance with device or system, or to affect its safety or effectiveness.
instructions for use provided in the labeling, can be rea-

sonably expected to result in a significant injury to the www.fairchildsemi.com
user.
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‘@; TEXAS CD54/74HC132,
INSTRUMENTS CD54/74HCT132

Data sheet acquired from Harris Semiconductor

SCHS145B _ .
High Speed CMOS Logic
August 1997 - Revised December 2002 Quad 2-Input NAND Schmitt Trigger
Features Description
¢ Unlimited Input Rise and Fall Times The 'HC132 and 'HCT132 each contain four 2-input NAND

Schmitt Triggers in one package. This logic device utilizes
silicon gate CMOS technology to achieve operating speeds
» Typical Propagation Delay: 10ns at Ve =5V, similar to LSTTL gates with the low power consumption of

C| = 15pF, TA:250C standard CMOS integrated circuits. All devices have the
ability to drive 10 LSTTL loads. The HCT logic family is
functionally pin compatible with the standard LS logic family.

« Exceptionally High Noise Immunity

« Fanout (Over Temperature Range)

- Standard Outputs............... 10 LSTTL Loads
- Bus Driver Outputs ............. 15 LSTTL Loads Ordering Information
1 ) 0 )
« Wide Operating Temperature Range ... -55°C to 125°C TEMP. RANGE
» Balanced Propagation Delay and Transition Times PART NUMBER (°0) PACKAGE
« Significant Power Reduction Compared to LSTTL CD54HC132F3A -55t0 125 14 Ld CERDIP
Logic ICs
CD54HCT132F3A -551t0 125 14 Ld CERDIP
e HC Types
- 2V to 6V Operation CD74HC132E -55t0 125 14 Ld PDIP
- High Noise Immunity: Ny = 37%, Njy = 51% of Vce CD74HC132M -551t0 125 14 Ld SOIC
at Vcc =5V
CD74HC132M96 -55t0 125 14 Ld SOIC
« HCT Types
- 4.5V to 5.5V Operation CD74HCT132E -55t0 125 14 Ld PDIP
- Direct LSTTL Input Logic Compatibility, CD74HCT132M -55t0 125 14 Ld SOIC
VL= 0.8V (Max), VIH = 2V (Min)
o CD74HCT132M96 -55t0 125 14 Ld SOIC
- CMOS Input Compatibility, I} < 1pA at Vo, VoH

NOTE: When ordering, use the entire part number. The suffix 96
denotes tape and reel.

Pinout
CD54HC132, CD54HCT132
(CERDIP)
CD74HC132, CD74HCT132
(PDIP, SOIC)
TOP VIEW
A\ )
1A [1] 14] Ve
18 [2] h3] 48
1y 3] [12] 4A
2A [4] 11] 4v
28 [5] 0] 3B
2v 6] 9] 3A
GND [7] 8] 3y

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures.

Copyright © 2002, Texas Instruments Incorporated 1



CD54/74HC132, CD54/74HCT132

Functional Diagram

1 14

1A — — Vcc
2 13

1B — —— 4B
3 3 12

1y — —— 4A
4 3 11

2A

ay
5 10

2B — —— 3B
6 I 9

2y — —— 3A

GND — — 3Y

TRUTH TABLE

INPUTS OUTPUT
nA nB ny
L L H
L H H
H L H
H H L

NOTE: H = High Voltage Level, L = Low Voltage Level

Logic Symbol




CD54/74HC132, CD54/74HCT132

Absolute Maximum Ratings Thermal Information

DC Supply Voltage, Vee + v v vvve v -0.5Vto 7V Thermal Resistance (Typical, Note 1) 834 (°CIW)

DC Input Diode Current, Ik PDIPPackage . . ... oooee e e 80
ForV,<-05VorV|>Vec+05V.................. ... 28mA SOIC PACKAGE . . . o o v eoee e e 86

DC Output Diode Current, ok Maximum Junction Temperature . . .. ................... 150°C
ForVg<-0.5VorVo>Vec+05V........ KERERTRREY 28mMA  Maximum Storage Temperature Range . ......... -65°C to 150°C

DC Output Source or Sink Current per Output Pin, Io Maximum Lead Temperature (Soldering 10s). .. .......... 300°C
For Vg >-0.5V or Vo <Veg + 05V oo 25MA  (SOIC - Lead Tips Only)

DC Vg or Ground Current, Icc or IGND -+« v+ v v v v v oo 56mA

Operating Conditions

Temperature Range (Tp) « .. ovvvvevnneennnn. .. -55°C to 125°C
Supply Voltage Range, Vcc
HCTypes ... .. 2V to 6V
HCT TYPES . . e 4.5V to 5.5V
DC Input or Output Voltage, V|, Vo« ... ..ot 0V to Vce
Input Rise and Fall Time
2V 100ms (Max)
A5V, 100ms (Max)
BV 100ms (Max)

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

NOTE:
1. The package thermal impedance is calculated in accordance with JESD 51-7.

DC Electrical Specifications

TEST
CONDITIONS 25°C -40°C TO 85°C | -55°C TO 125°C
PARAMETER SYMBOL | V| (V) |lomA)|Vee (V)| MIN | TYP | MAX | MIN MAX MIN MAX |UNITS
HC TYPES
Input Switch Points Vr+ - - 2 0.7 - 1.5 0.7 1.5 0.7 1.5 Y
(Note 2)
4.5 1.7 - 3.15 1.7 3.15 1.7 3.15 \Y;
6 2.1 - 42 2.1 4.2 2.1 4.2 \Y
V1- - - 2 0.3 - 1 0.3 1 0.3 1 \%
45 0.9 - 2.2 0.9 2.2 0.9 2.2 \%
6 1.2 - 3 1.2 3 1.2 3 \%
VH 2 0.2 - 1 0.2 1 0.2 1 \%
4.5 0.4 - 1.4 0.4 1.4 0.4 1.4 \%
6 0.6 - 1.6 0.6 1.6 0.6 1.6 \Y
High Level Output VoH V1+ or -0.02 2 1.9 - - 1.9 - 1.9 - \Y
Voltage V-
CMOS Loads -0.02 45 4.4 - - 4.4 - 4.4 - Vv
-0.02 6 5.9 - - 59 - 59 - \%
High Level Output -4 45 3.98 - - 3.84 - 3.7 - \%
Voltage
TTL Loads 5.2 6 5.48 - - 5.34 - 52 - \Y;




CD54/74HC132, CD54/74HCT132

DC Electrical Specifications (Continued)

TEST
CONDITIONS 25°C -40°C TO 85°C | -55°C TO 125°C
PARAMETER SYMBOL | V| (V) |lo(mA)|Vce (V)| MIN | TYP | MAX MIN MAX MIN MAX | UNITS
Low Level Output VoL V1+ or 0.02 2 - - 0.1 - 0.1 - 0.1 \Y
Voltage V-
CMOS Loads 0.02 45 - - 0.1 - 0.1 - 0.1 \
0.02 6 - - 0.1 - 0.1 - 0.1 \
Low Level Output 4 4.5 - - 0.26 - 0.33 - 0.4 \
Voltage
TTL Loads 5.2 6 - - 0.26 - 0.33 - 0.4 \
Input Leakage Iy Vcc or - 6 - - +0.1 - *1 - *1 HA
Current GND
Quiescent Device Icc Ve or 0 6 - - 2 - 20 - 40 MA
Current GND
HCT TYPES
Input Switch Points Vr+ - - 45 12 - 1.9 1.2 19 1.2 19 \
(Note 2)
5.5 14 - 2.1 14 2.1 14 2.1 \
V- - - 45 0.5 - 1.2 0.5 1.2 0.5 1.2 \Y
5.5 0.6 - 14 0.6 14 0.6 14 \
VH - - 45 0.4 - 14 0.4 14 0.4 14 \Y
55 0.4 - 15 0.4 15 0.4 15 \
High Level Output - VT1+ or -0.02 45 4.4 - - 4.4 - 4.4 - \Y
Voltage V-
CMOS Loads
High Level Output -4 4.5 3.98 - - 3.84 - 3.7 - \
Voltage
TTL Loads
Low Level Output VoL V1t or 0.02 45 - - 0.1 - 0.1 - 0.1 \
Voltage CMOS Loads V-
Low Level Output 4 4.5 - - 0.26 - 0.33 - 0.4 Vv
Voltage
TTL Loads
Input Leakage Iy Vce - 5.5 - - +0.1 - *1 - *1 HA
Current and
GND
Quiescent Device Icc Vcc or 0 55 - - 2 - 20 - 40 HA
Current GND
Additional Quiescent Alcc Vce - 4.5to - 100 | 360 - 450 - 490 MA
Device Current Per -21 55
Input Pin: 1 Unit Load
(Note 3)

NOTES:

2. Hysteresis definition, characteristic and test setup see Test Circuits and Waveforms

3. For dual-supply systems theoretical worst case (V| = 2.4V, V¢ = 5.5V) specification is 1.8mA.




CD54/74HC132, CD54/74HCT132

HCT Input Loading Table

INPUT

UNIT LOADS

nA, nB

0.6

NOTE: Unit Load is Alcc limit specified in DC Electrical Specifica-
tions table, e.g. 360pA max at 25°C.

Switching Specifications Input t,, tf = 6ns

0 400 0 _Ec0 0
TEST Vee 25°C 40°C TO 85°C |-55°C TO 125°C
PARAMETER SYMBOL | CONDITIONS ) MIN | TYP | MAX MIN MAX MIN MAX | UNITS
HC TYPES
Propagation Delay tpLH, tPHL | CL = 50pF 2 - - 125 - 156 - 188 ns
A BtoY (Fi 1
BtoY (Figure 1) a5 | - - [ 2 - 31 - 38 ns
6 - - 21 - 27 - 32 ns
Propagation Delay tTLHs ttHL | CL = 15pF 5 - 10 - - - - - pF
A,BtoY
Transition Times (Figure 1) tTLH, tTHL | CL = 50pF 2 - - 75 - 95 - 110 ns
4.5 - - 15 - 19 - 22 ns
6 - - 13 - 16 - 19 ns
Input Capacitance C - - - - 10 - 10 - 10 pF
Power Dissipation Capacitance CpD - 5 - 30 - - - - - pF
(Notes 4, 5)
HCT TYPES
Propagation Delay tpHL, tPHL | CL = 50pF 4.5 - - 33 - 41 - 50 ns
A,BtoY
(Figure 2)
Propagation Delay tpLH, tPHL | CL = 15pF 5 - 13 - - - - - pF
A,BtoY
Transition Times (Figure 2) tTLH, ttHL | CL = 50pF 45 - - 15 - 19 - 22 ns
Input Capacitance C - - - - 10 - 10 - 10 pF
Power Dissipation Capacitance CpD - 5 - 30 - - - - - pF
(Notes 4, 5)

NOTES:

4. Cpp is used to determine the dynamic power consumption, per gate.
5. Pp= Vcc2 fi (Cpp * CL) where fj = input frequency, C|_ = output load capacitance, Vcc = supply voltage.




CD54/74HC132, CD54/74HCT132

Test Circuits and Waveforms

t,=6ns —= |<— —>| |<— t; = 6ns
o _\_ Vee 3v
INPUT 500 )
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MECHANICAL DATA

MCER002C — JANUARY 1995 — REVISED JUNE 1999

J (R-GDIP-T**) CERAMIC DUAL-IN-LINE
14 LEADS SHOWN

PINS **
14 16 20
DIM

0.310 0.310 0.310

. A MAX 7.87) | (7.87) | (7.87)

0290 | 0.290 | 0.290

Aonnond P esn | @ | s
0785 | 0.785 | 0.975
T B MAX (19,94) | (19,94) | (24,77)

) c

0.755 | 0.755 | 0.930
l B MIN (19,18) | (19,18) | (23,62)

U UL 0.300 | 0.300 | 0.300
1 7 CMAX | @62 | 762 | (7.62)
% c MIN 0245 | 0245 | 0245

045 (1,14) 6,22) | (6,22) | (6,22)

0.100 (2,54)
> ooaTe) 0.020 (0,51) MIN A

T

0.200 (5,08) MAX
v ¢

* 0.130 (3,30) MIN

4 L* 0.023 (0,58)
0.015 (0,38) 0°-15°

Seating Plane

0 100 (2 54) 0.014 (0,36)
0.008 (0,20)

4040083/E 03/99

NOTES: A. Alllinear dimensions are in inches (millimeters).

B. This drawing is subject to change without notice.

C. This package is hermetically sealed with a ceramic lid using glass frit.
D. Index point is provided on cap for terminal identification.

E

Falls within MIL STD 1835 GDIP1-T14, GDIP1-T16, and GDIP1-T20

{’? TeEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 1



MECHANICAL

MPDI002C — JANUARY 1995 — REVISED DECEMBER 20002

N (R-PDIP-T**) PLASTIC DUAL-IN-LINE PACKAGE
16 PINS SHOWN
PINS **
14 16 18 20
DIM
0.775 | 0.775 | 0.920 | 1.060
A A MAX 1 (10,69) | (19,69) | (23,37)| (26,92)
16 9 A MIN 0.745 | 0.745 | 0.850 | 0.940
e e T e T e T e | (18,92) | (18,92) | (21,59)| (23,88)
0.260 (6,60) MS-100
:) 0.240 (6,10) & VARIATION AA BB AC AD

uLuJLuJLuJLUJLUJLUJLJ

1
+‘ L, 0,070 (1,78) A

0.045 (1,14)

0.045 (1,14 ' ,
—» # 0.020 (0,51) MIN — 0.325 (8,26)
0.030 (0,76) 0.300 (7,62)

\ X 0.015 (0,38)
T 0.200 (5 08) MAX Gauge Plane

Seating Plane

r_—-—-\

0.125 (3,18) MIN 0.010 (0,25) NOM

0.100 (2,54) 44 0.430 (10,92) MAX L—

0.021 (0,53)
0.015 (0,38)

| -] 0.010(0,25) W

14/18 PIN ONLY A
\ / 20 pin vendor option

4040049/E 12/2002

NOTES: A. Alllinear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.

& Falls within JEDEC MS-001, except 18 and 20 pin minimum body Irngth (Dim A).
The 20 pin end lead shoulder width is a vendor option, either half or full width.

b TEXAS

INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 1



MECHANICAL DATA

MSO0I002B — JANUARY 1995 — REVISED SEPTEMBER 2001

D (R-PDSO-G*)

PLASTIC SMALL-OUTLINE PACKAGE

8 PINS SHOWN
0.050 (1,27) 4,‘ ’« —b‘ ’47 % 4 | 0.010 (0,25™
0.244 (6,20) 0.008 (0,20) NOM
0.228 (5,80)
0.157 (4,00)
0.150 (3,81)

v

Gage Plane _+_

o UL

v

0.010 (0,25)

[ 0.010 (0,25)

0.044 (1,12)
0.016 (0,40)

=)

Seating Plane

— 0.069 (1,75) MAX 0.004 (0,10) N 0.004 (0,10)
PINS **
8 14 16
DIM
0.197 0.344 0.394
A MAX (5.00) | (8,75) | (10,00)
0.189 0.337 0.386
AMN 1 4g0) | 855 | (9.80)
4040047/E 09/01
NOTES: A. Alllinear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.
C. Body dimensions do not include mold flash or protrusion, not to exceed 0.006 (0,15).
D. Falls within JEDEC MS-012
INSTRUMENTS
POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 1



IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications,
enhancements, improvements, and other changes to its products and services at any time and to discontinue
any product or service without notice. Customers should obtain the latest relevant information before placing
orders and should verify that such information is current and complete. All products are sold subjectto TI's terms
and conditions of sale supplied at the time of order acknowledgment.

TI warrants performance of its hardware products to the specifications applicable at the time of sale in
accordance with TI's standard warranty. Testing and other quality control techniques are used to the extent Tl
deems necessary to support this warranty. Except where mandated by government requirements, testing of all
parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for
their products and applications using Tl components. To minimize the risks associated with customer products
and applications, customers should provide adequate design and operating safeguards.

Tl does not warrant or represent that any license, either express or implied, is granted under any Tl patent right,
copyright, mask work right, or other Tl intellectual property right relating to any combination, machine, or process
in which TI products or services are used. Information published by Tl regarding third—party products or services
does not constitute a license from Tl to use such products or services or a warranty or endorsement thereof.
Use of such information may require a license from a third party under the patents or other intellectual property
of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of information in Tl data books or data sheets is permissible only if reproduction is without
alteration and is accompanied by all associated warranties, conditions, limitations, and notices. Reproduction
of this information with alteration is an unfair and deceptive business practice. Tl is not responsible or liable for
such altered documentation.

Resale of Tl products or services with statements different from or beyond the parameters stated by Tl for that
product or service voids all express and any implied warranties for the associated TI product or service and
is an unfair and deceptive business practice. Tl is not responsible or liable for any such statements.

Mailing Address:
Texas Instruments

Post Office Box 655303
Dallas, Texas 75265

Copyright 00 2002, Texas Instruments Incorporated
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Ultra37000™ CPLD Family

5V, 3.3V, ISR™ High-Performance CPLDs

Features

In-System Reprogrammable™ (ISR™) CMOS CPLDs

—JTAG interface for reconfigurability
—Design changes don’t cause pinout changes
— Design changes don’t cause timing changes
High density

—32to 512 macrocells

—32t0 264 1/0 pins

—5 dedicated inputs including 4 clock pins
Simple timing model

— No fanout delays

— No expander delays

—No dedicated vs. I/O pin delays

— No additional delay through PIM

—No penalty for using full 16 product terms

— No delay for steering or sharing product terms
3.3V and 5V versions

PCI Compatiblel

Programmable Bus-Hold capabilities on all I/Os
Intelligent product term allocator provides:
—O0to 16 product terms to any macrocell
—Product term steering on an individual basis
— Product term sharing among local macrocells
Flexible clocking

—4 synchronous clocks per device

— Product Term clocking

— Clock polarity control per logic block

Consistent package/pinout offering across all densities

— Simplifies design migration
— Same pinout for 3.3V and 5.0V devices
Packages

— 440 400 Leads in PLCC, CLCC, PQFP, TQFP, CQFP,

BGA, and Fine-Pitch BGA packages

Note:

1.

Cypress Semiconductor Corporation

General Description

The Ultra37000™ family of CMOS CPLDs provides a range of
high-density programmable logic solutions with unparalleled
system performance. The Ultra37000 family is designed to
bring the flexibility, ease of use, and performance of the 22V10
to high-density CPLDs. The architecture is based on a number
of logic blocks that are connected by a Programmable Inter-
connect Matrix (PIM). Each logic block features its own prod-
uct term array, product term allocator, and 16 macrocells. The
PIM distributes signals from the logic block outputs and all in-
put pins to the logic block inputs.

All of the Ultra37000 devices are electrically erasable and In-
System Reprogrammable (ISR), which simplifies both design
and manufacturing flows, thereby reducing costs. The ISR fea-
ture provides the ability to reconfigure the devices without hav-
ing design changes cause pinout or timing changes. The
Cypress ISR function is implemented through a JTAG-compli-
ant serial interface. Data is shifted in and out through the TDI
and TDO pins, respectively. Because of the superior routability
and simple timing model of the Ultra37000 devices, ISR allows
users to change existing logic designs while simultaneously
fixing pinout assignments and maintaining system perfor-
mance.

The entire family features JTAG for ISR and boundary scan,
and is compatible with the PCI Local Bus specification, meet-
ing the electrical and timing requirements. The Ultra37000
family features user programmable bus-hold capabilities on all
1/Os.

Ultra37000 5.0V Devices

The Ultra37000 devices operate with a 5V supply and can sup-
port 5V or 3.3V I/O levels. Vcco connections provide the ca-
pability of interfacing to either a 5V or 3.3V bus. By connecting
the Vcco pins to 5V the user insures 5V TTL levels on the
outputs. If Vecg is connected to 3.3V the output levels meet
3.3V JEDEC standard CMOS levels and are 5V tolerant.
These devices require 5V ISR programming.

Ultra37000V 3.3V Devices

Devices operating with a 3.3V supply require 3.3V on all Vo
pins, reducing the device’s power consumption. These devices
support 3.3V JEDEC standard CMOS output levels, and are
5V tolerant. These devices allow 3.3V ISR programming.

Due to the 5V-tolerant nature of 3.3V device I/Os, the I/Os are not clamped to V¢, PCI V|=2V.

Document #: 38-03007 Rev. **

3901 North First Street

CA 95134 « 408-943-2600
Revised March 15, 2001

San Jose °
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Selection Guide

5.0V Selection Guide

General Information

Dedicated
Device Macrocells Inputs 1/0 Pins Speed (tpp) Speed (fyax)
CY37032 32 5 32 6 200
CY37064 64 5 32/64 6 200
CY37128 128 5 64/128 6.5 167
CY37192 192 5 120 7.5 154
CY37256 256 5 128/160/192 7.5 154
CY37384 384 5 160/192 10 118
CY37512 512 5 160/192/264 10 118
Speed Bins
Device 200 167 154 143 125 100 83 66

CY37032 X X X

CY37064 X X X

CY37128 X X X

CY37192 X X X

CY37256 X X X

CY37384 X X

CY37512 X X X

Device-Package Offering & 1/0 Count
44- 44- 44- 84- 84- 100- 160- 160- 208- 208- 256- 352-

Device Lead | Lead | Lead | Lead | Lead | Lead | Lead | Lead | Lead | Lead | Lead | Lead

TQFP | PLCC | CLCC | PLCC | CLCC | TQFP | TQFP | CQFP | PQFP | CQFP | BGA | BGA

CY37032 37 37

CY37064 37 37 37 69 69

CY37128 69 69 69 133

CY37192 125

CY37256 133 133 165 197
CY37384 165 197
CY37512 165 165 197 269

Document #: 38-03007 Rev. ** Page 2 of 67



'W

K

—r
—
—
——
—
——
—
—

——2 CYPRESS

Ultra37000™ CPLD Family

3.3V Selection Guide
General Information

Dedicated
Device Macrocells Inputs 1/0 Pins Speed (tpp) Speed (fyax)

CY37032v 32 32 8.5 143
CY37064V 64 32/64 8.5 143
Cy37128V 128 64/80/128 10 125
CY37192v 192 120 12 100
CY37256V 256 128/160/192 12 100
CY37384V 384 160/192 15 83
CY37512Vv 512 160/192/264 15 83

alo|o|o|oa| oo

Speed Bins
Device 200 167 154 143 125 100 83 66
CY37032v X X
CY37064V

x
x

CY37128Vv X X X

CY37192v X

CY37256V X X

CY37384V X

x| X| X| X

CY37512v X X

Shaded areas indicate preliminary speed bins.

Device-Package Offering & 1/0 Count

. 1
<
Device 3

Lead
TQFP

<
<

Lead
PLCC

<
<

Lead
CLCC

o)
<

Lead
FBGA
84-
Lead
PLCC
84-
Lead
CLCC
100-
Lead
TQFP
100-
Lead
FBGA
160-
Lead
TQFP
160-
Lead
CQFP
208-
Lead
PQFEP
208-
Lead
CQFP
256-
Lead
BGA
256-
Lead
FBGA
352-
Lead
BGA
400-
Lead
FBGA

CY37032v | 37 37 37

CY37064Vv | 37 37 37 37 69 69 69

CY37128V 69 69 69 85 | 133

CY37192v 125

CY37256V 133 | 133 | 165 197 | 197

CY37384V 165 197

CY37512v 165 | 165 | 197 269 | 269

Document #: 38-03007 Rev. ** Page 30f67
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Architecture Overview of Ultra37000 Family

Programmable Interconnect Matrix

The Programmable Interconnect Matrix (PIM) consists of a
completely global routing matrix for signals from 1/O pins and
feedbacks from the logic blocks. The PIM provides extremely
robust interconnection to avoid fitting and density limitations.

The inputs to the PIM consist of all I/O and dedicated input pins
and all macrocell feedbacks from within the logic blocks. The
number of PIM inputs increases with pin count and the number
of logic blocks. The outputs from the PIM are signals routed to
the appropriate logic blocks. Each logic block receives 36 in-
puts from the PIM and their complements, allowing for 32-bit
operations to be implemented in a single pass through the
device. The wide number of inputs to the logic block also im-
proves the routing capacity of the Ultra37000 family.

An important feature of the PIM is its simple timing. The prop-
agation delay through the PIM is accounted for in the timing
specifications for each device. There is no additional delay for
traveling through the PIM. In fact, all inputs travel through the
PIM. As a result, there are no route-dependent timing param-
eters on the Ultra37000 devices. The worst-case PIM delays
are incorporated in all appropriate Ultra37000 specifications.

Routing signals through the PIM is completely invisible to the
user. All routing is accomplished by software—no hand routing
is necessary. Warp™ and third-party development packages
automatically route designs for the Ultra37000 family in a mat-
ter of minutes. Finally, the rich routing resources of the
Ultra37000 family accommodate last minute logic changes
while maintaining fixed pin assignments.

Logic Block

The logic block is the basic building block of the Ultra37000
architecture. It consists of a product term array, an intelligent
product-term allocator, 16 macrocells, and a number of I/O
cells. The number of I/O cells varies depending on the device
used. Refer to Figure 1 for the block diagram.

Product Term Array

Each logic block features a 72 x 87 programmable product
term array. This array accepts 36 inputs from the PIM, which
originate from macrocell feedbacks and device pins. Active
LOW and active HIGH versions of each of these inputs are
generated to create the full 72-input field. The 87 product
terms in the array can be created from any of the 72 inputs.

Of the 87 product terms, 80 are for general-purpose use for
the 16 macrocells in the logic block. Four of the remaining
seven product terms in the logic block are output enable (OE)
product terms. Each of the OE product terms controls up to
eight of the 16 macrocells and is selectable on an individual
macrocell basis. In other words, each I/O cell can select be-
tween one of two OE product terms to control the output buffer.
The first two of these four OE product terms are available to
the upper half of the I/O macrocells in a logic block. The other
two OE product terms are available to the lower half of the 1/0
macrocells in a logic block.

The next two product terms in each logic block are dedicated
asynchronous set and asynchronous reset product terms. The
final product term is the product term clock. The set, reset, OE
and product term clock have polarity control to realize OR
functions in a single pass through the array.

3 2 ¥2
0-16 MACRO- 110
PRODUCT CEOLL C%LL
TERMS |
7 [
0-16 |—> MACRO-
> CELL to cells
PRODUCT 1 2,4,68]10, 12
TERMS
[ ]
FROM
PIM 36 72 x 87 80 PRODUCT b
PRODUCT TERM TERM °
ARRAY ALLOCATOR
0-16 MACRO- 110
»| CELL > CELL
PRODUCT 14 14
TERMS T
[
0-16 L>-MACRO—
»| CELL [~
TO PRODUCT 15
PIM 16 TERMS
8

Figure 1. Logic Block with 50% Buried Macrocells

Document #: 38-03007 Rev. **
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Low-Power Option

Each logic block can operate in high-speed mode for critical
path performance, or in low-power mode for power conserva-
tion. 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 dis-
tributes 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 pro-
vides two important capabilities without affecting performance:
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, prod-
uct terms are steered on an individual basis. Any number be-
tween 0 and 16 product terms can be steered to any macrocell.
Note that O 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 al-
lows sharing across groups of four output macrocells in a vari-
able 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 steer-
ing 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 1/0 Macrocells, which include an 1/0 Cell which
is associated with an I/O pin, or buried Macrocells, which do
not connect to an I/O. The combination of /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.

Document #: 38-03007 Rev. **

The register can be asynchronously set or asynchronously re-
set at the logic block level with the separate set and reset prod-
uct terms. Each of these product terms features programma-
ble 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 synchro-
nous clocks and a product term clock are available to clock the
register. Furthermore, each clock features programmable po-
larity so that registers can be triggered on falling as well as
rising edges (see the Clocking section). Clock polarity is cho-
sen at the logic block level.

The buried macrocell also supports input register capability.
The buried macrocell can be configured to act as an input reg-
ister (D-type or latch) whose input comes from the 1/0O pin as-
sociated with the neighboring macrocell. The output of all bur-
ied macrocells is sent directly to the PIM regardless of its
configuration.

1/0 Macrocell

Figure 2 illustrates the architecture of the 1/0 macrocell. The
1/0 macrocell supports the same functions as the buried mac-
rocell with the addition of 1/O capability. At the output of the
macrocell, a polarity control mux is available to select active
LOW or active HIGH signals. This has the added advantage of
allowing significant logic reduction to occur in many applica-
tions.

The Ultra37000 macrocell features a feedback path to the PIM
separate from the I/O pin input path. This means that if the
macrocell is buried (fed back internally only), the associated
1/0 pin can still be used as an input.

Bus Hold Capabilities on all 1/Os

Bus-hold, which is an improved version of the popular internal
pull-up resistor, is a weak latch connected to the pin that does
not degrade the device’s performance. As a latch, bus-hold
maintains the last state of a pin when the pin is placed in a
high-impedance state, thus reducing system noise in bus-in-
terface applications. Bus-hold additionally allows unused de-
vice pins to remain unconnected on the board, which is partic-
ularly useful during prototyping as designers can route new
signals to the device without cutting trace connections to V¢
or GND. For more information, see the application note “Un-
derstanding Bus-Hold — A Feature of Cypress CPLDs.”

Programmable Slew Rate Control

Each output has a programmable configuration bit, which sets
the output slew rate to fast or slow. For designs concerned with
meeting FCC emissions standards the slow edge provides for
lower system noise. For designs requiring very high perfor-
mance the fast edge rate provides maximum system perfor-
mance.

Page 50f67
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1/0 MACROCELL
o I 1 1 1 b FAST
FROM PTM 0 —
| 1 | SLEW
0-16 | | SLOW—
PRODUCT 1
C25—4
TERMS —~ | 0 | C26 /0 CELL
P O 0 O —< I
L/ L__Jlome Q1 : [
5 1
| 1 ‘ | | o 0
fe) > |
- 2 R | ca “qn 1
I 1 3 1 I H— 2 o
- 4 3
| T DECODE | T
coC1C24 tl? — C6 C5
[ 10 | c2 c3 [
L|—dlHd— — — — — — — — — — — — |
BURIED MACROCELL
r|{nn--—--—-—-—- - — — — — 1
FROM PTM 0
0-16 [ gll_ [
PRODUCT | |
TERMS \_\ Cc25 —4
| 0
) ! L |
[ 1 n 1 [
0 I DITIL  QF
1
c7
I 11, < = | I
.-v-— 3 > R 1
[ H 4 [
111 DECODH
| C0C1C24 |
1 1
| 0 c2 c3 |
L|l—|dlH - — — = - — - — — — — — — I
FEEDBACK TO PIM
FEEDBACK TO PIM
FEEDBACK TO PIM
ASYNCHRONOUS
BLOCK RESET
ASYNGHRONOUs 4 SYNCHRONOUS CLOCKS (CLK0,CLK1,CLK2,CLK3) e ——
BLOCK PRESET 1 ASYNCHRONOUS CLOCK(PTCLK)
Figure 2. 1/0 and Buried Macrocells
INPUT PIN
[ H> 0
1 |
) O TOPIM
—o0 D 0 D Q 3
FROM CLOCK — 1 o . . 1
POLARITY MUXES — 2
B ci12 C13
[T
cioci1
D Q
LE

Figure 3. Input Macrocell
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INPUT/CLOCK PIN

0 o _|>_ TO CLOCK MUX ON
1 ALL INPUT MACROCELLS

r !
c12
[ H> {00 |
| ° |
1 TO CLOCK MUX
IN EACH
| I LOGICBLOCK |
0 L _ _cmomens orote
O —
5 5 I_ 2 TOPIM CLOCK POLARITY MUX
—J0 3 ONE PER LOGIC BLOCK
FROM CLOCK __| Q Q
POLARITY INPUT | ; o - - I FOR EACH CLOCK INPUT
CLOCKPINS —] 5 c1oc11
C8 C9
D Q
LE
Figure 4. Input/Clock Macrocell
Clocking The Ultra37000 features:

Each I/0 and buried macrocell has access to four synchronous
clocks (CLKO, CLK1, CLK2 and CLK3) as well as an asynchro-
nous product term clock PTCLK. Each input macrocell has
access to all four synchronous clocks.

Dedicated Inputs/Clocks

Five pins on each member of the Ultra37000 family are desig-
nated as input-only. There are two types of dedicated inputs
on Ultra37000 devices: input pins and input/clock pins.
Figure 3 illustrates the architecture for input pins. Four input
options are available for the user: combinatorial, registered,
double-registered, or latched. If a registered or latched option
is selected, any one of the input clocks can be selected for
control.

Figure 4 illustrates the architecture for the input/clock pins.
Like the input pins, input/clock pins can be combinatorial, reg-
istered, double-registered, or latched. In addition, these pins
feed the clocking structures throughout the device. The clock
path at the input has user-configurable polarity.

Product Term Clocking

In addition to the four synchronous clocks, the Ultra37000 fam-
ily also has a product term clock for asynchronous clocking.
Each logic block has an independent product term clock which
is available to all 16 macrocells. Each product term clock also
supports user configurable polarity selection.

Timing Model

One of the most important features of the Ultra37000 family is
the simplicity of its timing. All delays are worst case and sys-
tem performance is unaffected by the features used. Figure 5
illustrates the true timing model for the 167-MHz devices in
high speed mode. For combinatorial paths, any input to any
output incurs a 6.5-ns worst-case delay regardless of the
amount of logic used. For synchronous systems, the input set-
up time to the output macrocells for any input is 3.5 ns and the
clock to output time is also 4.0 ns. These measurements are
for any output and synchronous clock, regardless of the logic
used.

Document #: 38-03007 Rev. **

» No fanout delays

* No expander delays

* No dedicated vs. I/O pin delays

» No additional delay through PIM

* No penalty for using 0—16 product terms

* No added delay for steering product terms
* No added delay for sharing product terms
» No routing delays

» No output bypass delays

The simple timing model of the Ultra37000 family eliminates
unexpected performance penalties.

D COMBINATORIAL SIGNAL El

tPD =6.5ns

INPUT OUTPUT

REGISTERED SIGNAL

ts=3.5ns tco=4.5ns [l
{ S DTL O co
INPUT OUTPUT
—>
CLOCK

Figure 5. Timing Model for CY37128
JTAG and PCI Standards

PCI Compliance

5V operation of the Ultra37000 is fully compliant with the PCI
Local Bus Specification published by the PCI Special Interest
Group. The 3.3V products meet all PCI requirements except
for the output 3.3V clamp, which is in direct conflict with 5V
tolerance. The Ultra37000 family’s simple and predictable tim-
ing model ensures compliance with the PCI AC specifications
independent of the design.

Page 7 of 67
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IEEE 1149.1 Compliant JTAG

The Ultra37000 family has an IEEE 1149.1 JTAG interface for
both Boundary Scan and ISR.

Boundary Scan

The Ultra37000 family supports Bypass, Sample/Preload, Ex-
test, Idcode, and Usercode boundary scan instructions. The
JTAG interface is shown in Figure 6.

Instruction Register

! ([IT1TH

- TDO
Y
Bypass Reg.
JTAG _,»ﬁ
TAP

TMS—] B
CONTROLLER Boundary Scan
Tex— o+ TTeeel
idcode
At
Usercode

i

ISR Prog.
S NECCON

Data Registers

Figure 6. JTAG Interface

In-System Reprogramming (ISR)

In-System Reprogramming is the combination of the capability
to program or reprogram a device on-board, and the ability to
support design changes without changing the system timing
or device pinout. This combination means design changes
during debug or field upgrades do not cause board respins.
The Ultra37000 family implements ISR by providing a JTAG
compliant interface for on-board programming, robust routing
resources for pinout flexibility, and a simple timing model for
consistent system performance.

Development Software Support

Warp™

Warp is a state-of-the-art compiler and complete CPLD design
tool. For design entry, Warp provides an IEEE-STD-1076/1164
VHDL text editor, an IEEE-STD-1364 Verilog text editor, and a
graphical finite state machine editor. It provides optimized syn-
thesis and fitting by replacing basic circuits with ones pre-op-
timized for the target device, by implementing logic in unused
memory and by perfect communication between fitting and
synthesis. To facilitate design and debugging, Warp provides
graphical timing simulation and analysis.

Warp Professional™

Warp Professional contains several additional features. It pro-
vides an extra method of design entry with its graphical block
diagram editor. It allows up to 5 ms timing simulation instead
of only 2 ms. It allows comparison of waveforms before and
after design changes.

Warp Enterprise™

Warp Enterprise provides even more features. It provides un-
limited timing simulation and source-level behavioral simula-

Document #: 38-03007 Rev. **

tion as well as a debugger. It has the ability to generate graph-
ical HDL blocks from HDL text. It can even generate
testbenches.

Warp is available for PC and UNIX platforms. Some features
are not available in the UNIX version. For further information
see the Warp for PC, Warp for UNIX, Warp Professional and
Warp Enterprise data sheets on Cypress's web site
(www.cypress.com).

Third-Party Software

Although Warp is a complete CPLD development tool on its
own, it interfaces with nearly every third party EDA tool. All
major third-party software vendors provide support for the
Ultra37000 family of devices. Refer to the third-party software
data sheet or contact your local sales office for a list of current-
ly supported third-party vendors.

Programming

There are four programming options available for Ultra37000
devices. The first method is to use a PC with the 37000
UltralSR programming cable and software. With this method,
the ISR pins of the Ultra37000 devices are routed to a connec-
tor at the edge of the printed circuit board. The 37000 UltralSR
programming cable is then connected between the parallel
port of the PC and this connector. A simple configuration file
instructs the ISR software of the programming operations to
be performed on each of the Ultra37000 devices in the system.
The ISR software then automatically completes all of the nec-
essary data manipulations required to accomplish the pro-
gramming, reading, verifying, and other ISR functions. For
more information on the Cypress ISR Interface, see the ISR
Programming Kit data sheet (CY3700i).

The second method for programming Ultra37000 devices is on
automatic test equipment (ATE). This is accomplished through
a file created by the ISR software. Check the Cypress website
for the latest ISR software download information.

The third programming option for Ultra37000 devices is to uti-
lize the embedded controller or processor that already exists
in the system. The Ultra37000 ISR software assists in this
method by converting the device JEDEC maps into the ISR
serial stream that contains the ISR instruction information and
the addresses and data of locations to be programmed. The
embedded controller then simply directs this ISR stream to the
chain of Ultra37000 devices to complete the desired reconfig-
uring or diagnostic operations. Contact your local sales office
for information on availability of this option.

The fourth method for programming Ultra37000 devices is to
use the same programmer that is currently being used to pro-
gram FLASH370i devices.

For all pinout, electrical, and timing requirements, refer to de-
vice data sheets. For ISR cable and software specifications,
refer to the UltralSR kit data sheet (CY3700i).

Third-Party Programmers

As with development software, Cypress support is available on
a wide variety of third-party programmers. All major third-party
programmers (including BP Micro, Data I/0, and SMS) support
the Ultra37000 family.
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—— Ultra37000™ CPLD Family

Logic Block Diagrams

CY37032/CY37032V
Clock/
Input Input 01
TCK —=| Convroller [ T0O
1 4 ™S —>
[ ! JTAG
4 4 EN
LOGIC % . N LOGIC
16 1/0s G 16 1/0s
1/0g—1/05 ~— 1< l— BL%CK 16 | PIM | 16 BL%CK—' =>—9-<">1/0,4-1/03;
A [}
16 16
CY37064 / CY37064V (100-Lead TQFP)
Clock/
Input Input
1 4
4 4
36 i 36
16 1/0s LOGIC |« > LOGIC 16 1/0s
1/0g-1/015 C>—»—<}— BLOCK 16 16 BLOCK —|>—4b—C> 1/04g-1/Og3
A > - D
1] 36 PIM 36 ¥
16 1/0s LOGIC | > LOGIC 16 I/Os
1/O16-1/O31 C>—‘<]— BLOCK 16 16 BLOCK —|>—1—C> 1/035-1/0,47
B > - C
32 32
DI —>
JTAG Tap
TCK —» — TDO
Controller

T™MS —
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= Ultra37000™ CPLD Family

Logic Block Diagrams (continued)

CY37128/ CY37128V (160-Lead TQFP)

D! JTAG Taj
CLOCK TCK — P .
INPUTS INPUTS Controller Do
™S —>
1 4
INPUT INPUT/CLOCK JTAGEy
MACROCELLI> MACROCELLS
4 Y ¥ 4
16 I/0s LOGIC LOGIC 16 1/Os
I0g—/015 " <—>4—<J— BL(RCK 36 36 BLaCK > 1/011,-1/0157
I 16 PIM 16 ]
16 I/0s LOGIC LOGIC 16 1/0s
1/016-1103; <:>-;—<]— BL%CK 36 36 BLg(:K > 1/0gs—1/0111
* 16 16 ‘
16 1/0s LOGIC [« »| LOGIC 16 1/0s
1/03,—1/0 47 <:>-§'—<]— BL(CD:CK 36 36 BLI('%CK —D>p<— 1/0gy-1/0gs
# 16 16 ¢
16 1/0s LOGIC LOGIC 16 1/0s
/011063 <o < BLOCK | 36 36 | BlOCK D<= 11064107
16 16
64 64
CY37192 / CY37192V (160-Lead TQFP)
Clock/
Input Input
1 4
f s
[OGIC |« L recie
10 1/ < > 10 1/Os
1/0g-1/0g C>S—'—<|— BL%CK 16 16 BL?CK — <= 11011010119
10 1/O: : 36 3 ! 10 l/Os
s LOGIC = »[LOGIC
1041101 <—4—<— BLOCK| 1¢ 16 |BLOCK —{">#<— 1/0,05-1/O109
10 1/O: LO(VBIC % N Loz3|c 10 1/0s
S
0 y-110g <—4—<— BLOCK| 16 . 16 [|Btock ——{>—<— 1/04-1/0gg
101/0s LOZEIC £ PIM N LOVGIC 10 I/0s
1/03q—1/039 <——4—<_}— BLOCK| 1g 16 |BLock —><— 1/0gy—1/Ogg
L 36 36 Y
10 I/0s LOGIC LOGIC 10 1/0s
110491109 <—4—<_}— BLOCK| 1p 16 |BLOCK —>—p<= 1/0,4-1/07
L] 36 36 L]
10 1/0s LOGIC |« »[ LOGIC 10 1/0s
/0g-1/0sg <——4—<_—1{BLOCK| 16 18 |BLOCK —=>—p—<= 1/0gy~1/Ogq
F > - G
i
DI —> 60 60
TK —| Conwoller [ O
™S —>|
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= Ultra37000™ CPLD Family

Logic Block Diagrams (continued)

CY37256 / CY37256V (256-Lead BGA)

Clock/
Input Input
l 4
4 4
OGIC 3 N OGIC
12 1/0s LOGI LOGI 12 1/0s
IIOO_Iloll —<_ l— BL(XCK 19 %6 BL(FD)CK _| > <> |/0180_|/0191
12 1/0: e 36 N Y 12 1/0s
s LOGIC |« > LOGIC
11045-1/0,3 <} BL%CK 16 16 BL%CK ——{>8<— 1/0,54-1/017¢
12 1/0 oZ; C 3 N o'e c 12 1/0
s LOGI LOGI S
1044-11055 <—4—<— BLOCK| 1o 16 |BLOCK ——{~>—$<— 1/0,55-1/0457
A 36 36 1
121/0s LOGIC | > LOGIC 121/0s
104611047 <——4—<_— BLOCK| 1g 16 |BLOCK —{>—4<— 11014410355
Y 36 PIM 36 Y
12 1/0s LOGIC LOGIC 12 1/0s
VO4-1/0sg <—4—<— BLCéCK 16 16 BLOLCK —>—¢<— 110,3,-110145
v ¥
121/0s TOGTC a8 3 roeic 12 1/0s
10gy-1/07, <——$—_—1BLOCK 16 16 BLOCK [— =>4~ 1/0150-1/015,
F > < K
L] 36 36 1]
12 1/0s LOGIC LOGIC 12 1/0s
107,-1/0g <——4—_}—{BLOCK 16 16 BLOCK —>—4—<— 1/010g-1/0119
G > - J
v 36 36 L]
12 1/0s LOGIC »| LOGIC 12 1/0s
10g4-1/Ogs <<} BLaCK 16 16 BL(IDCK —{>4<— 1104110107
1
TDI —> 96 96
TOK —>| Conroller [ 0O
TMS —|
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Ultra37000™ CPLD Family

Logic Block Diagrams (continued)

CY37384 / CY37384V (256-Lead BGA)

Clock/
Input Input
1 4
4 4
LOGIC % N LO('BIC
12 I/Os < >
_ <4 BLOCK 16 6 BLOCK
1/0g-1/04, —— Y\ L BL
12 1/0 SETC 22 N 561
s LOGI LOGI
V0,110, <4< BLOCK| 15 16 BLBQKCK—|>—‘
12 /0 TO0TC j«32 N [O61C
< - .~
1/054—1/035 C>—<I— BLAOCCK 16 B 16 BLé)JCK —|>—
O6TC a2 € o6
BLAC:ID()K 16 . 16 BL%)ICK —
3 36
12 1/0s LOGIC |« LOGIC
/04e-110g7 <—$—<— BLOCK| 16 16 [BLOCK
O8IC |2 ¥ reeic
BLOCK| 1g 6 |BLOCK(—{ >
AvF - { B'G
36 6
12 1/0s LOGIC |- % » LOGIC
1104511059 <—¢—<_—BLOCK| 16 16 [BLOCK
AG > < BF
Y 3 36 v
12 1/0s LOGIC 9 LOGIC
/0gg-1107; <—4—<_F—BLOCK| 18 16 BLOCK —] >
AH BE
L] 36 36 Y
12 1/0s LOGIC |« »[LOGIC
11071105, <——4—<— BLOCK| 15 16 |BLOCK —
LOéIC 3 3 LOVGIC
BLOCK| 16 BLOCK —]
Al > L© BC
Y 36 Y
12 1/0s LOGIC |« ¥, rocic
0g4~1/0gs <—4—<J— BLOCK| 16 16 |BLOCK
[OGIC sl ¥ rro6ic
BLOCK| 16 18 |BLOCK —{>>—
AL < BA
TDI —> !
TCK JTAG Tap 00 96 96
Controller
TMS —>|
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12 1/0s
< |/0168_|/0191

12 I/0s
P—<— 1/0156—1/0179

12 1/0s
—<—> /01447110167

12 1/0s
< |/0132_|/0155

12 I/0s
I—— 1/0120-1/0143

12 I/0s
< |/0108_|/013l

12 1/0s
b<—> 1/0gg—1/011g

12 1/0s
b<—> 1/0gg-1/01¢7
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= Ultra37000™ CPLD Family

Logic Block Diagrams (continued)

CY37512/ CY37512V (352-Lead BGA)
Input  Clock/ Input

1 4

-

12 I/Os LOGIC | » LOGIC
1/0g-1/01; <1 BLEACK 16 16 BLéJFE:K
A 36 36 11
12 1/0s LOGIC LOGIC 12 I/0s
1/015,-1/055 < }— BLEBCK 16 16 BLBQé:K <" 1/0,5,—1/043
v 36 Y
12 1/0s TOGIC Ja—2 »[LOGIC 12 1/0s
/05411045 <= [ BL/?CCK 16 16 BLéJ’\?K ——{>4<— 1/0,44-1/0s5;
v 36 i
LOGIC 36 LOGIC 12 ”05/ )
BLOCK 1 6 BLOCK — =>—4—<— 1/0,,5-1/0p30
AP S 4 B'M
3
12 1/0s LOGIC = 9 36 » LOGIC
0611047 <——4—<— BLEé:K 16 PR BLSEK
L] 36 36 L]
LOGIC LOGIC 121/0s
BLOCK 16 16 BLOCK —] =—$—<—= /04511027
AF BK
L] 36 36 L]
12 1/Os LOGIC = »| LOGIC
/0451105 <——4—<_— BLEGCK 16 16 BLé)JCK
! % N ! 12 1/0s
LOGIC »[LOGIC
BLAoHCK 16 16 BL(B?|CK —{>—<— 110,04-110s15
12 1/0 ! % PIM 36 !
S LOGIC » LOGIC
1061107, <——p—<_— BLOCK| i 1 |BLock
11 36 36 1]
LOGIC »[ LOGIC 121/0s
BLEJCK 16 16 BLé)GCK %< 1/0,0,-1/0503
11 36 36 1]
12 1/0s LOGIC » LOGIC
/07,-1/0gg <——4—<_— BLAOI?K 16 16 BLé)FCK
Y 36 ]
12 1/0s LOGIC L, LOGIC 121/0s
1/0g4—1/0gs5 < BLELCK 16 16 B'—é)ECK —T=>—$<= 110149~1/010;
! % N ! 12 1/0s
12 1/0s LOGIC | LOGIC
UOgg11050; —+—<F—{BLOCK| 1§ 6 |BLock —=>——<— 110,65-1/017¢
12 1/0 LO!SIC % N LOZBIC 12 1/0s
s <
1005-10g39 << BLOCK| 1g 1 |BLock —{>—4<— 1/0,56-1/017
12 1/0 Logyc 3 36 LOGIC 12 1/0s
s <
0 p0-10g3; <=+ BLOCK| 1 1 |BLock ——{>¢<— 1/0,,,-1/0;55
36
LOGIC | N LOGIC 121/0s
BLOCK 1 6 BLOCK —] =>—4—<= 1/0,4,-1/0
P 6 o 1 BA 132710143
A A
132 132
DI —>
JTAG Tap
TCK Controller DO
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Ultra37000™ CPLD Family

5.0V Device Characteristics

Maximum Ratings

(Above which the useful life may be impaired. For user guide-

lines, not tested.)

Storage Temperature ............c.ccceeveevevenenen.

Ambient Temperature with

—65°C to +150°C

DC Voltage Applied to Outputs

in High Z State
DC Input Voltage
DC Program Voltage
Current into Outputs
Static Discharge Voltage

(per MIL-STD-883, Method 3015)

—-0.5V to +7.0V
-0.5V to +7.0V

Power Applied............ooeiiiis —-55°Cto +125°C Latch-Up CUIMENT.....c.cvivevrceeeeee e e e s en e, >200 mA
Supply Voltage to Ground Potential............... -0.5V to +7.0V
Operating Rangel
Ambient Junction Output
Range Temperaturel? Temperature Condition Vee Veeo
Commercial 0°C to +70°C 0°C to +90°C 5V 5V £ 0.25V 5V £ 0.25V
3.3v 5V £ 0.25V 3.3v+£0.3V
Industrial —40°C to +85°C —40°C to +105°C 5V 5V £ 0.5V 5V + 0.5V
3.3v 5V + 0.5V 3.3v+0.3V
Military[3] —55°C to +125°C -55°C to +130°C 5V 5V £ 0.5V 5V + 0.5V
3.3v 5V + 0.5V 3.3v+£0.3V
Notes:

2. Normal Programming Conditions apply across Ambient Temperature Range for specified programming methods. For more information on programming the
Ultra37000 Family devices, please refer to the Application Note titled “An Introduction to In System Reprogramming with the Ultra37000.”
3. Tais the “Instant On” case temperature.

Document #: 38-03007

Rev. **

Page 14 of 67



= Ultra37000™ CPLD Famil
== CYPRESS ’

'W

K

5.0V Device Electrical Characteristics Over the Operating Range

Parameter Description Test Conditions Min. Typ. Max. Unit
Vou Output HIGH Voltage Vee = Min. | lgy=-3.2mA (Coml/ind)* | 2.4 v
loy = —2.0 mA (Mil)4! 2.4 v
Vonz Output HIGH Vo[lt?ge with Vee = Max. | oy = 0 A (Com'l)[®] 4.2 Y%
Output Disabled'® lop = 0 HA (Ind/Mily®l 45 v
loy = —100 pA (Com'l)[] 3.6 v
lon = =150 pA (Ind/Mmil)!®! 3.6 v
VoL Output LOW Voltage Ve = Min. | 1o, = 16 mA (Com'l/ind)!! 0.5 Y%
loL = 12 mA (Mil)4] 0.5 v
ViH Input HIGH Voltage Guaranteed Input Logical HIGH Voltage 2.0 Vecmax \Y,
for all Inputs[ 1
VL Input LOW Voltage Guaranteed Input Logical LOW Voltage -0.5 0.8 \%
for all Inputs[ 1
lix Input Load Current V| = GND OR V¢, Bus-Hold Disabled -10 10 HA
loz Output Leakage Current Vo = GND or V¢, Output Disabled, -50 50 HA
Bus-Hold Disabled
los Output Short Circuit Vee = Max., Vout = 0.5V =30 -160 mA
Currentl®
IBHL Input Bus-Hold LOW Vee = Min., VL= 0.8v +75 HA
Sustaining Current
IBHH Input Bus-Hold HIGH Vee = Min., Vig = 2.0v -75 HA
Sustaining Current
IsHLO Input Bus-Hold LOW Overdrive | Ve = Max. +500 HA
Current
IBHHO Input Bus-Hold HIGH Overdrive | Ve = Max. =500 HA
Current
Inductancef®
44- 44- 44- 84- 84- 100- 160- 208-
Test Lead | Lead Lead | Lead Lead | Lead | Lead Lead
Parameter Description Conditions | TQFP | PLCC | CLCC | PLCC | CLCC | TQFP | TQFP | PQFP | Unit
L Maximum Pin | V|y = 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 Viy=5.0Vatf=1MHzat Ty =25°C 10 pF
CcLk Clock Signal Capacitance Viy=5.0Vatf=1MHz at Ty = 25°C 12 pF
Cop Dual Function Pins!’! Viy =5.0V atf=1MHz at T = 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
Notes:
4. lop=—-2mA, lg. =2 mA for TDO.
5. Tested initially and after any design or process changes that may affect these parameters.
6.  Whenthe I/O'is output disabled, the bus-hold circuit can Weakly pull the I/O to above 3.6V if no leakage current is allowed. Note that all I/Os are output disabled
during ISR programming. Refer to the application note “Understanding Bus-Hold” for additional information.
7. These are absolute values with respect to device ground. All overshoots due to system or tester noise are included.
8. Not more than one output should be tested at a time. Duration of the short circuit should not exceed 1 second. Vo1 = 0.5V has been chosen to avoid test
problems caused by tester ground degradation.
9. Dual pins are 1/0 with JTAG pins.
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Ultra37000™ CPLD Family

3.3V Device Characteristics

DC Voltage Applied to Outputs

inHighZ State........ccooove e, -0.5V to +7.0V
Maximum Ratings DC INpUt VOIAGE ... —0.5V to +7.0V
(Above which the useful life may be impaired. For user guide- ~ DC Program Voltage ..., 3.0to 3.6V
lines, not tested.) CUITENE INO OULPULS ... 8 mA
Storage Temperature ...........coveennnenees —65°C to +150°C Static Discharge VOltage ..........c..cc.ccvueuevevereeverenenennnn. >2001V
Ambient Temperature with (per MIL-STD-883, Method 3015)
Power Applied............ooeiiiis —-55°Cto +125°C Latch-Up CUIMENT.....c.cvivevrceeeeee e e e s en e, >200 mA
Supply Voltage to Ground Potential............... -0.5V to +4.6V
Operating Rangel
Range Ambient Temperaturel?] Junction Temperature Vee
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
Militaryt3! -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
Von Output HIGH Voltage Vee = Min. | Igy = —4 mA (Com’l)4] 2.4 Y%
lon = -3 MA (Mil)[4
VoL Output LOW Voltage Vee = Min. | 1. = 8 mA (Comy!4! 0.5 Y%
loL = 6 mA (Mily4!
ViH Input HIGH Voltage Guaranteed Input Logical HIGH Voltage for 2.0 5.5 \%
all Inputs[ ]
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 HA
loz Output Leakage Current Vo = GND or V¢, Output Disabled, -50 50 pA
Bus-Hold Disabled
los Output Short Circuit Current®: 51 Vce = Max., Vout = 0.5V -30 -160 | mA
lgHL Input Bus-Hold LOW Sustaining Vee = Min,, V= 0.8V +75 MA
Current
IBHH Input Bus-Hold HIGH Sustaining Vee = Min,, Vi = 2.0V =75 MA
Current
IBHLO Input Bus-Hold LOW Overdrive Ve = Max. +500 pA
Current
IBHHO Input Bus-Hold HIGH Overdrive Ve = Max. -500 pA
Current
Inductancel®
44- 44- 44- 84- 84- 100- | 160- | 208-
Test Lead | Lead | Lead | Lead | Lead | Lead | Lead | Lead
Parameter | Description Conditions | TQFP | PLCC | CLCC | PLCC | CLCC | TQFP | TQFP | PQFP | Unit
L Maximum Pin | V|y = 3.3V 2 5 2 8 5 8 9 11 nH
Inductance atf=1MHz
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Capacitancel!

Parameter Description Test Conditions Max. Unit
Cio Input/Output Capacitance Viy=33Vatf=1MHz at Ty =25°C 8 pF
Cclk Clock Signal Capacitance Viy=33Vatf=1MHzat Ty =25°C 12 pF
Cop Dual Functional Pins!®] Viy = 3.3V atf=1MHzat T = 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

AC Characteristics.

5.0V AC Test Loads and Waveforms
238Q (COM'L)

238Q (COM'L)
319Q (MIL) 319Q (MIL) ALL INPUT PULSES
5V O————vW\— 5V O————WW\— 3.0V
OUTPUT p OUTPUT ,
170Q (COM'L) 170Q (COM'L)
35 DFI jzaecz (MIL) 5 pF jzssg (MIL)  GND
INCLUDING = = = = <2n
JIG AND INCLUDING —
SCOPE JIG AND
SCOPE
(@ (b) (©)
Equivalentto:  THEVENIN EQUIVALENT
99Q (COM'L)

136Q (MIL)  2.08V (COM'L)

OUTPUT O—I—W\'—O 2.13V (MIL)

15 OR 35 pF

3.3V AC Test Loads and Waveforms

295Q (COM'L) 295Q (COM'L)

393Q (MIL)

ALL INPUT PULSES

393Q (MIL)

3.3VO—————"W— 3.3V O————wWA— 3.0V
OUTPUT p OUTPUT
340Q (COM'L) 340Q (COM'L)
35 pF I 54539 (MIL) 5 pF i4539 (MiL) ~ GND
INCLUDING = = = = <2 ns—> <2ns
JIG AND INCLUDING —
SCOPE JIG AND
SCOPE
(@) (b) (©)

Equivalentto: ~ THEVENIN EQUIVALENT

158Q (COM'L)
270Q (MIL)  1.77V (COM'L)

OUTPUT O—-T_—'VW—O 1.77V (MIL)

_T_SOR35pF
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Ultra37000™ CPLD Family

Parameterl10l Vy Output Waveform—Measurement Level
tER(—) 15V l
Vo ——————_ [

0.5V T Vi

tER(+) 2.6V l
0.5V — Vx

1.5V
l Von

teA(+)
V 0.5v ot
X T ~

Vihe l

teaE)
ey ——
0 . 5\/ T VO L

(d) Test Waveforms

Note:
10. tgg measured with 5-pF AC Test Load and tgx measured with 35-pF AC Test Load.

Page 18 of 67

Document #: 38-03007 Rev. **



'W

—r
—
—
——
—
—
—
—

K

Pt

=2 CYPRESS

Ultra37000™ CPLD Family

Switching Characteristics Over the Operating Range!*!!

Parameter ‘ Description ‘ Unit

Combinatorial Mode Parameters

tpplt2 13 141 Input to Combinatorial Output ns

tpp, (12 13141 Input to Output Through Transparent Input or Output Latch ns

L 112 18, 14] Input to Output Through Transparent Input and Output Latches ns

tg12 18, 14] Input to Output Enable ns

teglt0 12 Input to Output Disable ns

Input Register Parameters

tyL Clock or Latch Enable Input LOW Timel®! ns

twi Clock or Latch Enable Input HIGH Time!®! ns

tis Input Register or Latch Set-Up Time ns

tiH Input Register or Latch Hold Time ns

ticolt? 13 14 Input Register Clock or Latch Enable to Combinatorial Output ns

tico 12 13 14 Input Register Clock or Latch Enable to Output Through Transparent Output Latch ns

Synchronous Clocking Parameters

teolt® 14 Synchronous Clock (CLKg, CLK;, CLKj, or CLK3) or Latch Enable to Output ns

tglt2 Set-Up Time from Input to Sync. Clk (CLKg, CLK7, CLK,, or CLK3) or Latch Enable ns

th Register or Latch Data Hold Time ns

tcoplt? 13 14 Output Synchronous Clock (CLKq, CLK4, CLK,, or CLK3) or Latch Enable to Combinatorial Output | ns
Delay (Through Logic Array)

tgesit Output Synchronous Clock (CLKg, CLK;, CLK,, or CLK3) or Latch Enable to Output Synchronous | ns
Clock (CLKp, CLK;, CLK5, or CLK3) or Latch Enable (Through Logic Array)

SL[12] Set-Up Time from Input Through Transparent Latch to Output Register Synchronous Clock (CLKy | ns
CLK4, CLK,, or CLKj3) or Latch Enable

thL Hold Time for Input Through Transparent Latch from Output Register Synchronous Clock (CLK, | ns
CLKj, CLK,, or CLKj3) or Latch Enable

Product Term Clocking Parameters

tcoprit? 13 14 Product Term Clock or Latch Enable (PTCLK) to Output ns

tspr Set-Up Time from Input to Product Term Clock or Latch Enable (PTCLK) ns

thpT Register or Latch Data Hold Time ns

t|SpT[12] Set-Up Time for Buried Register used as an Input Register from Input to Product Term Clock or ns
Latch Enable (PTCLK)

tHPT Buried Register Used as an Input Register or Latch Data Hold Time ns

tcopprits 13 14 Product Term Clock or Latch Enable (PTCLK) to Output Delay (Through Logic Array) ns

Pipelined Mode Parameters

ticst2 Input Register Synchronous Clock (CLKg, CLK;, CLK,, or CLK3) to Output Register Synchronous | ns
Clock (CLKg, CLK7, CLKj, or CLKg)

Notes:

11. All AC parameters are measured with two outputs switching and 35-pF AC Test Load.
12. Logic Blocks operating in Low-Power Mode, add t, p to this spec.

13. Outputs using Slow Output Slew Rate, add tg gy to this spec.

14. When Vo= 3.3V, add t3 3, to this spec.
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Switching Characteristics Over the Operating Rangel* (continued)

Ultra37000™ CPLD Family

Parameter ‘ Description ‘ Unit
Operating Frequency Parameters
fmax1 Maximum Frequency with Internal Feedback (Lesser of 1/tgcs, 1/(ts + ty), or 1/tco)P! MHz
fuaxe Maximum Frequen [\é Data Path in Output Registered/Latched Mode (Lesser of 1/(tyy_ + tw), MHz
1(tg + ty), or 1teo)P!
fiaxa Maximum Frequency with External Feedback (Lesser of 1/(tco + tg) or 1/(tyy + tyy)™ MHz
fvaxa Maximum Frequency in Pipelined Mode (Lesser of 1/(tco + tis), 1/tics, M (twe + twh), H/(tis + tiy), | MHz
or 1/tgcg)l

Reset/Preset Parameters

tRw Asynchronous Reset Widthl®] ns
RRM Asynchronous Reset Recovery Timel®! ns
trolt? 1314 Asynchronous Reset to Output ns
thw Asynchronous Preset Width!®! ns
tpr!t? Asynchronous Preset Recovery Timel®! ns
tpolt2 13 14] Asynchronous Preset to Output ns
User Option Parameters

tp Low Power Adder ns
tsLEw Slow Output Slew Rate Adder ns
t3.310 3.3V I/0 Mode Timing Adder!® ns
JTAG Timing Parameters

ts JTAG Set-Up Time from TDI and TMS to TCK®! ns
th JTAG Hold Time on TDI and TMSP®! ns
tco JTAG Falling Edge of TCK to TDO! ns
firaG Maximum JTAG Tap Controller Frequencyl®! ns

Document #: 38-03007 Rev. **
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Ultra37000™ CPLD Family

Switching Characteristics Over the Operating Rangel'!!

200 MHz | 167 MHz | 154 MHz | 143 MHz | 125 MHz 100 MHz 83MHz | 66 MHz

Parameter é § é é é é % é % é % § é § é § Unit
Combinatorial Mode Parameters
tppt? 13 141 6 6.5 75 8.5 10 12 15 20 | ns
tpp 12 13 14 1 12.5 14.5 16 16.5 17 19 22 | ns
tppL 12 15 14 12 135 15.5 17 17.5 18 20 24 | ns
teal12 13 14] 8 8.5 1 13 14 16 19 24 | ns
teglt0 12 8 8.5 1 13 14 16 19 24 | ns
Input Register Parameters
tywL 25 2.5 2.5 2.5 3 4 5 ns
twh 25 25 2.5 2.5 3 4 5 ns
fis 2 25 3 4 ns
tin 2 2.5 3 4 ns
ticolt? 13 14] 11 1 1 125 125 16 19 24 | ns
ticoL 1% 13 14 12 12 12 14 16 18 21 26 | ns
Synchronous Clocking Parameters
teo 13 14] 4 4 45 6 6.5[1°! 6.516] glL7] 10 | ns
tg12 5 5 5.5015] gl16l g7l 10 ns
ty 0 0 0 0 0 0 0 ns
tcoplt? 13 14 9.5 10 1 12 14 16 19 24 | ns
tgcsitd 5 6 6.5 7 gltol 10 12 15 ns
tg 112 7.5 7.5 8.5 10 12 15 15 ns
thL 0 0 0 0 0 0 0 ns
Product Term Clocking Parameters
tcoprit? 13 14 7 10 10 13 13 13 15 20 | ns
tspr 25 2.5 2.5 3 5 5.5 6 ns
thpT 25 25 2.5 5 5.5 ns
tigpriid) 0 0 0 0 0 ns
tiipT 6 6.5 6.5 7.5 9 1 14 19 ns
tcopprit? 1314 12 14 15 19 19 21 24 30 | ns
Pipelined Mode Parameters
wd™ 5] [o] [s] [7] [89] [0 ] [ [5] [mw
Operating Frequency Parameters
faaxi 200 167 154 143 125119 100 83 66 MHz
fiaxe 200 200 200 167 154 153M16] 125171 100 MHz
fiaxa 125 125 105 91 83 8ol1el 62.5 50 MHz
fraxa 167 167 154 125 118 100 83 66 MHz
Notes:

15. The following values correspond to the CY37512 and CY37384 devices: tcg = 5 ns, tg = 6.5 ns, tgcg = 8.5 ns, tjcg = 8.5 ns, fy axy = 118 MHz.
16. The following values correspond to the CY37192V and CY37256V devices: tcg = 6 ns, tg = 7 ns, fiyaxe = 143 MHz, fyax3 = 77 MHz, and fy ax4 = 100 MHz; and

for the CY37512 devices: tg = 7 ns.
17. The following values correspond to the CY37512V and CY37384V devices: tcg = 6.5 ns, tg = 9.5 ns, and fyax, = 105 MHz.
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Ultra37000™ CPLD Family

Switching Characteristics Over the Operating Rangel**! (continued)

200 MHz | 167 MHz | 154 MHz | 143 MHz | 125 MHz 100 MHz 83MHz | 66 MHz

Parameter é § é é é é % é % é % § é § é § Unit
Reset/Preset Parameters
trw 8 8 8 8 10 12 15 20 ns
trr!t? 10 10 10 10 12 14 17 22 ns
trolt2 13 14 12 13 13 14 15 18 21 26 | ns
tpw 8 8 8 8 10 12 15 20 ns
tpr!t? 10 10 10 10 12 14 17 22 ns
tpolt2 13 14] 12 13 13 14 15 18 21 26 | ns
User Option Parameters
tLp 25 25 25 25 2.5 2.5 25 25 | ns
tsLEw 3 3 3 3 3 3 3 3 | ns
t3 31018 0.3 0.3 0.3 0.3 0.3 0.3 0.3 03 | ns
JTAG Timing Parameters
ts JTAG 0 0 0 0 0 0 0 0 ns
th 3TAG 20 20 20 20 20 20 20 20 ns
tco JTAG 20 20 20 20 20 20 20 20 | ns
f17aG 20 20 20 20 20 20 20 20 |MHz
Note:
18. Only applicable to the 5V devices.
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Ultra37000™ CPLD Family

=2 CYPRESS

Switching Waveforms

Combinatorial Output

INPUT

COMBINATORIAL
OUTPUT

XXXXXX

Registered Output with Synchronous Clocking

INPUT
ts ~ty
SYNCHRONOUS \ L/
CLOCK /|
|— tCO —|
REGISTERED
OUTPUT
. t .
CO2
REGISTERED
OUTPUT
| | |
~ twh gh twi >
SYNCHRONOUS
CLOCK
Registered Output with Product Term Clocking
Input Going Through the Array
INPUT
|
tspr thpT
PRODUCT TERM \\\
CLOCK
tcopt ]
REGISTERED
OUTPUT
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Switching Waveforms (continued)

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

INPUT

tispT trpT
PRODUCT TERM \
CLOCK
tcozpt™|

REGISTERED
OUTPUT

Latched Output

INPUT ><

tse tyi
LATCH ENABLE

“tppL ™" o™

LATCHED
OUTPUT

Registered Input

REGISTERED
INPUT
|
tis [ tH
INPUT REGISTER
CLOCK
tico ™™

COMBINATORIAL
OUTPUT

twH twi
CLOCK
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Ultra37000™ CPLD Family

Switching Waveforms (continued)

Clock to Clock
INPUT REGISTER
CLOCK

OUTPUT
REGISTER CLOCK

tics

tscs

Latched Input

LATCHED INPUT

LATCH ENABLE

COMBINATORIAL
OUTPUT

LATCH ENABLE

=

I~ tPoL

—>

~~ fico

XX

twH twi

.

Latched Input and Output

LATCHED INPUT

LATCHED
OUTPUT

INPUT LATCH
ENABLE

OUTPUT LATCH
ENABLE

LATCH ENABLE

X

ticor

the

tics

—

.
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Ultra37000™ CPLD Family

=2 CYPRESS

Switching Waveforms (continued)

Asynchronous Reset

INPUT ><

RO
REGISTERED
OUTPUT

CLOCK

“ tRR >

Asynchronous Preset

- tpw

INPUT ><

PO
REGISTERED
OUTPUT

I~ R
CLOCK
Output Enable/Disable
INPUT
ter tea
OUTPUTS <
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Ultra37000™ CPLD Family

Power Consumption

Typical 5.0V Power Consumption

CY37032
60
High Speed
50 -
40 -
Low Power
<
E 301
o
o
20 -
10 A
0 . . . .
0 50 100 150 200 250
Frequency (MHz)
The typical pattern is a 16-bit up counter, per logic block, with outputs disabled.
Vce = 5.0V, Ty = Room Temperature
CY37064

90

80 o

70 o

60

Icc (mA)

20 o

10 4

50

Low Power
40
30

High Speed

o

Document #: 38-03007 Rev. **

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.
Ve = 5.0V, Ty = Room Temperature

Page 27 of 67



!

v
%w

Ultra37000™ CPLD Family
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Typical 5.0V Power Consumption (continued)

CY37128
160
140 J High Speed
120 4
100 4
—_ Low Power
<
E 50
[53
kel
60 4
40 4
20 4
0 T T T T T T T T
[¢] 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.
Ve = 5.0V, T4 = Room Temperature
CY37192
300
250 4
High Speed
200 4
<
\E/ 150 4 Low Power
8
100 /
50 A
0 T T T T T T T T
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.
Ve = 5.0V, T4 = Room Temperature
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Ultra37000™ CPLD Family

\[

Typical 5.0V Power Consumption (continued)

CY37256
300
High Speed
250 4
200 4
Low Power
<
E 150 |
o
o
100 4
50 4
0 T T T
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.
Vce = 5.0V, Ty = Room Temperature
CY37384
500
450 4 High Spee
400 -
350
300 4
E Low Power
~= 250
(5]
°
200 4
150 4
100 H
50 4
0
0 20 40 60 80 100 120 140 160

Frequency (MHz)

The typical pattern is a 16-bit up counter, per logic block, with outputs disabled.
Ve = 5.0V, T4 = Room Temperature
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Ultra37000™ CPLD Family

Typical 5.0V Power Consumption (continued)

CY37512

Typical 3.3V Power Consumption

CY37032v

Icc (mA)

600
High Spee

500 1

400 +
<
g/ 300 Low Power
(5]
°

200 4

100 4

0
0 20 40 60 80 100 120 140 160
Frequency (MHz)
The typical pattern is a 16-bit up counter, per logic block, with outputs disabled.
Vce = 5.0V, T, = Room Temperature
30
High Speed
25
Low Power
20 4
15
10 4
5 ]
0 T
0 20 40 60 80 100 120 140 160
Frequency (MHz)
The typical pattern is a 16-bit up counter, per logic block, with outputs disabled.
Ve = 3.3V, Ty = Room Temperature
Page 30 0f 67
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Ultra37000™ CPLD Family

\[

Typical 3.3V Power Consumption (continued)

CY37064V
45
High Speed
40 A
35 4
Low Power

30 1
z /
E
(5]
S 50

15

10

5 ]
0
0 20 40 60 80 100 120 140
Frequency (MHz)
The typical pattern is a 16-bit up counter, per logic block, with outputs disabled.
Ve = 3.3V, T4 = Room Temperature
CY37128Vv
80
High Speed:

70 1

60 1

50 1
40 1
30 1

20 1

Low Power

Icc (mA)

10

20 40 60 80 100 120 140
Frequency (MHz)

o

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

CY37192v
120
High Speed
100 1
80 4
Low Power
<
é 60 1
40
20 4
0
0 20 40 60 80 100 120
Frequency (MHz)
The typical pattern is a 16-bit up counter, per logic block, with outputs disabled.
Vce = 3.3V, T4 = Room Temperature
CY37256V

Icc (mA)

High Speed
100
Low Power
80 -
60 o

40 4

20 40 60 80 100 120

o

Frequency (MHz)

The typical pattern is a 16-bit up counter, per logic block, with outputs disabled.
Vce = 3.3V, T4 = Room Temperature
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Ultra37000™ CPLD Family
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Typical 3.3V Power Consumption (continued)

CY37384V
200
180 4 High Speed
160 1
140 1
Low Power
120 1
<
E 1001
o
]
80 1
60
40 -
20 1
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.
Ve = 3.3V, Ty = Room Temperature
CY37512v
250
200 High Speed
150 4 Low Power
<
E
o
o
100 4
50 1
0 T T T T T T T T
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.
Vce = 3.3V, Tp = Room Temperature
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Ultra37000™ CPLD Family

Pin Configurations(*

44-Pin TQFP (A44)

Top View
<+ m A 4 00 8 58 &
00000Z0Q00 00
=S=I===0>== ==
(O 44 43 42 41 40 39 38 37 36 35 34 )

I/05/TCK 1M 1 33 I 1/027/TDI
110 I 2 32 [ /0y
/07 oM 3 31 @@ /025

CLKy/lp OO 4 30 @ /024

JTAGEN oo 5 29 @43 CLK1/|4

GND [OI4 6 28 I GND

CLKy/l1 I 7 27mm BB
I/0g 1T 8 26 mm CLK3/l
1109 oM 9 25 11023
11019 I 10 24 1 11022
1101, oI 11 23 @m 110y

( 1213141516 171819202122
NN YO o ©o~ 00 O
QH EQHQH >05QHQHQHE QN
\2 %
o o}
44-Pin PLCC (J67) / CLCC (Y67)
Top View
0 388
086383052800 00
=SE=I===0>== ==
mimininininininininis|
/65 4 3 2 1 44434241 40
IOs/TCK [ 7 39 1 /Oo7/TDI
1os [ 8 38 [ 11026
6 37 [ /025
1107 9
36 [] /024
CLKyflg [] 10 s b /
JTAGey [ 11 CLKq/l4
341 GND
GND [] 12 33f
CLKo/l1 [ 13 3
32 [ CLK4/l,
I10g [ 14
311 11023
1109 [] 15 /0
301 /022
11040 ] 16
vous O 17 29 [ 1105,
1 18 19 20 21 22 23 24 25 26 27 28

el

Note:
19. For 3.3V versions (Ultra37000V), Vo = Vee-
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Ultra37000™ CPLD Family

=== CYPRESS

Pin Configurationsi® (continued)

Document #: 38-03007 Rev. **

48-Ball Fine-Pitch BGA (BA50)

Top View
1 2 3 4 5 6 7 8
II0s | Vec | W03 | WOy | WOz | WOz | Vee | MOy
TCK DI
Vee | W04 | 110, | 1Oy | 1Osg | 10,5 | 10m | CLKy/
I
CLK,/ | 107 | 1IOg | GND | GND | /0,5 | 110y | g
lo
JTAGgy| 1I0g | 110g | GND | GND | /05, | /0 | CLKg/
I2
CLKg/ | 03, | Oy | W01 | WOzg | 1050 | 1O0m | Vec
I
11013 | Ve | WOy | WOys | O3z | 1015 | Vee | WO1g
™S TDO
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Ultra37000™ CPLD Family

Pin Configurationsi® (continued)

1104 [
o4 [
110y ITCK O
0,
o,
o, [
w0y, [
1oy O
CLKolly
Veeo [
eno [
CLKy/ly
1046 []
vos7 ]
V015 ]
W0, []
1050 []
1105, E
10,5 ]
10,5 ]

32

GND [

84-Lead PLCC (J83) / CLCC (Y84)

Top View

~ [] GND

33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53

g oogggrorooog

Note:

20. This pinis a N/C, but Cypress recommends that you connect it to V¢ to ensure future compatibility.
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NN N N N Oy i

I 8 859

11054

11055

IIO26 ITMS

~ ©
NN

110

(o2}
[V

o
™

=

~

N

™

™
52l

=

I/O38 /TD

/039

[a)
zZ
G}

GND
10 55
/O 54 /TDI
110 53
/0 55
10 5
110 9
110 49
0 45
CLKy/l,
GND
Veeo
CLKyfl 5
0 47
O 45
/O 45
0 4,
IO 44
o 4,
O 4
0 4o
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Ultra37000™ CPLD Family

Pin Configurationsi® (continued)

100-Lead TQFP (A100)

Top View
Q ~ o v ¥ ™ N +H O 0
(Se) 8592 38¢

i

nannn

6
[§
5!
5
5
56

[a)]
z

0000

N
©
Q9

[1]]

100 99 98 97 96 95 94 93 92 91 90 89 88 87 86 85 84 83 82 81 80 79 78 77 76
Tck 1 75 [ TOI
GND [ 74 [ Veco
s 5 73 [ Voss
e 4 » — 11054
o [ 71 ] VOs3
oy [ 70 |1 0=
o, T - e [ Vo
0w [ s 68 |1 !Oso
o [, 67 |—1 110 49
015 | 19 o [ "Ou
Clkoly | 11 s [ ClKalls
Veeo | 12 o ——] &\
N/C : 13 63 :I Ne
GND [ 14 62 1 Veco
Clkyly | 15 o1 [ CKels
016 | 16 60 |1 !0
o |17 59 | 'O
L — T ss [ "Ous
01 [ 19 57 1 "Ou
1105 : 20 56 :I 110 43
0y [ 21 ss [ O«
W0 [ 22 sa [ "Ou
03 [ 23 53 [] "Oa
Veco [ 24 52 [ G\P
Ne [ 25 51 1 NC
26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50

NIRRT A

o~ 8

EZ

=) 2

[a)
z
]

Vcco

o
™
Q

IO Hg
0 o9
0 59

© ~
N N
Q9

V0 54
IO g

Vee
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Pin Configurationsi® (continued)
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100-Ball Fine-Pitch BGA (BB100)
for CY37064V

Top View

A NC | NC | 1O, | 1Og | VO, | Qg | 1/Ogy | VOsg | 1Os7 | 1Osg

B 0g | UOg | 1Og | 1O, | WO, | WOgs | Ve | WOse | 110ss | NC

C | W0y | TCK | Vge | #03 | NC | NC | 1O | Voe | TDI | 1Os,

D | WOy | NC | Oy, | W03 | Oy | NC | Og; | 1Os, | CLKy/ | 1Osg

E | /Oy | CLKy/ | 1O | NC | GND | GND | 1045 | 1/O4q | CLK,/ | 10sg

F | Wy | NC | NC | 105 | GND | GND | NC | NC I, | 1047

G | 0y | CLKy/ | 10y | WOy | 1Oy | VO4g | 1O | 104 | NC | 1043

H | 10y | TMS | Voo | #Op | NC | 1Og | /04 | Vee | TDO | 104

J NC | /Oy | Oz | NC | IOz | UOgg | 1/Oz5 | UOg7 | 1Oz | 1040

K | 110 | U0ss | 10y | 10mg | UOgg | 1034 | 1Oz | 105 | NC | NC

100-Ball Fine-Pitch BGA (BB100)
for CY37128V

Top View
1 2 3 4 5 6 7 8 9 10
A NC 09 | Og | 1Og | 1Oz | W/Ozg | 1O74 | UO7, | 1/O71 | 107

B | WOy | WOy | WO; | WOs | 1O, | 1077 | Vee | WO75 | 1Ogg | 1Ogg

C | W0y, | WOy | Voo | W04 | WOy | WOz | WO7s | Voo | WOgr | 1Ogs
TCK I

D | WOy | Vec | WOis | WO | 1Oy | 1079 | UOgs | 1Ogs | CLKy/ | 1Ogs

E | /Oy | CLKy/ | O1g | 1019 | GND | GND | 1IOgy | 1/Ogy | CLK,/ | 104,

F | 110y |3TAGEN| 11O, | 110 | GND | GND | 1I0gg | 1Osg | 1, | 1Os7

G | 10y | CLKy/ | 10pg | WO, | 1Ops | 1Osg | 1Oss | 10ss | Vee | 1Oss

H | VOsg | 1033 | Vee | WOgs | 1Ogq | 104 | 0sy | Vee | 1047 | 1Oy
™S TDO

J | WO | UOs, | WOss | Voo | VOgg | 1104y | U045 | 1VOus | 1045 | 10sg

K | 110z | 1Oz | WOgy | 1Oz | UOg7 | WO, | 104, | WO | 1104 | NC
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Pin Configu

GND
110, —3
110, —]
110, ——]
110, —]
1/0,9/TCK C—}
110, ]
110, —]
110, —
GND ]
110, ]
1105 —]
110, ]
110,,
110, ]
110, —]
11050 —
1105 ]
CLKq/ly —]
Veeco
GND —]
CLKy/, —]
1105, C—]
I m—
1105, —]
11045 ]
11056 —
1105, C—

Ultra37000™ CPLD Family

rations!® (continued)

160-Lead TQFP (A160) / CQFP (U162)
for CY37128(V) and CY37256(V)
Top View

/0127

1 GND
1 Ve
1 JTAGgy
—
—

— 1

/0118

/0117

/0116

/0115

/0114

/0113

/0112

—1 GND

N

160 [—1 Veco

159

158 —
157

156

155 ]

© 0N UON®WNPR
154

NNNMNNMNNNNNNRERRRERRRRRPR R
WNOOONWNREPRO®©ONO®UOUMWNERO

11035 —
11059
GND —
110,40 —]
110, ]
110, —]
110, —}
1104, —]
110, —
110, ]
110,, —]
Veco —

AW W WwwWwwwwwwwN
O © O ~NOUO R ®NRELROO

138 —
137 1
135
133
132 /]

140
139
136
134

131
130
129

128 ]
127 /1
126
125 —
124
123 —
122 /4

121

/

120
119
118
117
116
115

114
113
112
111
110
109
108
107
106
105
104
103
102
101
100
99
98
97
96
95
94
93
92
91
90
89
88
87
86
85
84
83
82
81

OO U UTmTaRUUwaROUmTIR0n

Veco
/0111
110110
110109
1/010g/TDI
/0107
/0106
/0105
110104
GND
110103
/0102
/0101
/0100
1/0gg
1/0gg
1/0g7
1/0gg
CLKa/lg
GND
Veco
CLKy/l3
1/0gs
1/0g4
1/0g3
1/0g
11091
1/0gg
1/0gg
1/Ogg
GND
1/0g7
1/0gg
1/Ogs
1/0g4
1/0g3
1/0g
1/0g1
1/0g
GND

[a]
z
O

04
1040
/050
/0s;

105,/ TMS
1104,
107
e
o

1/076/TDO
11047
07g
07g
Veco
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=2 CYPRESS

Pin Configurationsi® (continued)

Ultra37000™ CPLD Family

160-Lead TQFP (A160) for CY37192(V)
Top View

1 GND
1 Ve
1 NC
—
—
—

— 1

/0110

/0109

/0108

/0107

/0106

/0105

—1 GND

N

160 [—1 Veco

159

GND
Ne
110, —]
110, ——3
110, —]
B —
110, ]
1100 —]
110, —
GND ]
110, ]
110, —]
110, ]
110,
110, ]
110,, —]
110, ]
110, ]
CLKq/ly —]
Veeco
GND —]
CLKy/, —]
11050 —]
11045, ]
1105, C—]
11043 ]
1105, —
11045
11035 —
1105, —3
GND —
11055 —]
11059 ]
110, —]
110, —}
110, —]
110, —3
1104, —]
1105 —]
Veco —

© 0N A WNRE

DWW WWWWWWENNNNNNNNNRNRRRRRRB R B R R
SOV DEWNRLOO®O®IONEWNRLRO®O©O®OMN®O™WNLERO

158 —
157

156

155 ]

154

138 —
137 1

136

135 ——
134

133 ——
132 ——

140
139
131
130
129

128 ]
127 /1
126
125 —
124
123 —

122 P NC

121

/

120 |— Veeo
119 1 10404
118 F—1 /0,03
7 F3 110102
116 |—— TDI
115 1 /0101
114 |/ 110109
113 |——1 1/0gg
112 1 1/0gg
111 /1 &ND
110 [ yogy;
109 [ 1/0gg
108 |——1 1/0g5
107 [/ 1/0g4
106 1 1/0g3
105 1 yog,
104 [ 109y
103 [ 1/0gg
102 [/ CLKally
101 |/ GND
100 /3 V4
99 [/ CLKy/l3
98 [ 1/0g9
97 [ 1/Ogg
96 [ 1/0g7
95 1 1/ogg
94 1 1/0gs
93 [ 1/0ga
92 M1 1/0g3
91 [T 1/0g
90 [— GND
89 [ 1/0g;
88 [ 1/0go
87 T 11079
86 [ 1/07g
85 [ 107
84 [T 1076
83 1 o5
82 —1 NC
81 [— GND

[a]
z
O

NC
11046

11047

1/04g
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11070
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11073

1074
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=7 CYPRESS Ultra37000™ CPLD Family

Pin Configurationsi® (continued)

208-Lead PQFP (N208) / CQFP (U208)

Top View

. T T
IINEY TN T80 o orowy oo D BEL88 28BLRBg IYISSIIESEE
$9C0C00200900599090909000 5520905092905 09950890959898590¢

208 1 V¢
207 1 Voo
206 [—1
205 [/
204
203 [/
202 —1
201 1
200 —
199 [
198 [
197 —1
196 [—1
195 1
194 —1
193 [/
192 —1
191 ]
190 [/
189 [
188 [
187 —1
186 [—1
185 [—1
184 —1
183 —1 GND
182 1 vc
177 (=1
176 —1
175 (—1
174 (—1
173 —1
172 =1
171 (—1
170 —1
169 [
168 —1
167 [—]
166 —]
165 [
164
163 [—1
162 |—
161 —1
160 —
159 [—]
158 [—1
157 1 GND

GND 1 56— Voo
110, —] 2 155 10 110439
110, = 3 15411 1/043g
110,, ] 4 153 |1 1/0,4;
10,3 ——] 5 152 T3 1/0,4¢
110,,—] 6 151 0 1/0435
TckE= 7 150 =1 TDI
10,5 ] 8 149 F—1 1/0y34
10,6 ] 9 148 [T 1/0y55
110,, ] 10 147 3 11045,
110, ] 11 146 [ 11043,
110, ] 12 145 1 1/0,54
GND ] 13 1441 GND
11050 —] 14 143 [0 110459
1105, ] 15 142 [ 1108
|/O3Z: 16 14101 1/0y9;
11053 ] 17 140 — 110426
1105, ] 18 139 [ 1/0, 5
NC ] 19 138 1 110454
|/O35: 20 137 — 1/0q53
11035 ] 21 136 [—1 1104,
1105, T 22 135 1 1104,
1103 ] 23 134 [T 1104
|/039: 24 133 —1 CLKy/l,
CLKgllo ] 25 132 [ Ve
Veeco ] 26 131 1 GND
GND ] 27 130 —1 Veco
NC ] 28 129 1 GND
CLKy/l, ] 29 128 =0 CLK,/l
11049 =] 30 127 — 110419
1104, ] 31 126 [—1 110414
1104, T 32 125 [ 110437
1104 —] 33 124 [T 110436
11044 ] 34 123 [ 110435
11045 ] 35 1220 NC
11046 T——] 36 121 71 110414
1104, ] 37 120 — /0413
11044 ] 38 119 = 11045,
11049 ] 39 118 1 1/04;;
GND ] 40 117 =3 110459
1/05o ] 41 116 [—1 GND
1105, ] 42 115 /1 /0109
1105, ] 43 114 1 1/040g
11053 ] 44 113 = VOy07
1105, ] 45 112 =3 110106
NC ] 46 111 — /0405
11055 ] 47 110 =1 11044
1105 ] 48 109 = 1/0103
1105, ] 49 108 == /010,
1105 ] 50 107 — /0101
1105 ] 51 106 f— /0199
VCCO : 52 O "N M #105 — CGND
B BR80T 888 BRRINRIRRRERREBEINI IR 35838858383333S
083333V BEEBBORENRIO LERPRNZ083ZIBIBEEB308 888309885382 3
529290907 Q2000059200090%200900Q ©95>9009000900009590909995229293°
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§5 CYPRESS Ultra37000™ CPLD Family

Pin Configurationsi® (continued)

W

—r
—
—

256-Ball PBGA (BG256)

Top View
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
A GND | /0y | NC | 1/Oq5 | O1, | WOg | 1O; | 1O, | 1UOg | VOqg | O1gg | VO1gs | /O1g5 | NC | 1/O47g | V0475 | NC NC | /Oy59 | V018 | A
B 11055 | IOy | /Oy | O3 | /Oy5 | 1103y | 1/Og | 1VOs | 1Oy | U/O1qp | /O1g7 | VO4gs | /O1g1 | NC NC | /Oy74 | /O371 | 10379 | NC | /O | B
[ NC NC | /Oy | NC | 1/Oq7 | Oy | UO1q | WOg | 1O, | NC | 1/Oygg | VO1g4 | /O1g0 | VO179 | WO176 | VO173 | WO172 | O167 | WO1es | VO162 | €
D 11054 | NC NC | GND | NC | Veeo | 013 | GND | 1103 | NC | Vee | /O1g3 | GND | 10177 | Veco | NC | GND | /0164 | TDI | /O160 | D
E 1107 | IO | Os5 | NC /0163 | /0161 | VO159 | WO156 | E
F 11039 | TCK | 1O | Veco Veeo | 015 | NC | Oss | F
G /035 | /O3, | /031 | 1Oy 110457 | 1O1g5 | /0153 | 10155 | G
H 11035 | NC | /034 | GND GND | GND | GND | GND | GND | GND GND | /015, | VO150 | VOq49 | H
J 11039 | /Ogg | U037 | 1Ogg GND | GND | GND | GND | GND | GND 110145 | O147 | WO146 | VO145 | 3
K 11045 | U049 | W04 | Vee GND | GND | GND | GND | GND | GND /0144 |CLK3/l,| NC NC K
L 11043 | WO4s | V045 | WO4e GND | GND | GND | GND | GND | GND Vee |CLKaflg| 110143 | NC L
M 11047 |CLKg/lg|CLKy/l1| 1/O4g GND | GND | GND | GND | GND | GND 110439 | O14g | VO141 | V014 | M
N 11049 | /Oso | 105y | GND GND | GND | GND | GND | GND | GND GND | I/Oy36 | /O137 | VO35 | N
P 1105, | /Os3 | Os5 | /Osg 110137 | VO133 | Oq34 | WO135 | P
R 11054 | IOsg | WOsg | Veco Veco | 10130 | NC | 1043, | R
T 11057 | /Ogo | VOgp | 1Ogs 110194 | 0127 | WO1pg | 0129 | T
u 1/0gy | /Ogz | 1/0gg | GND | /076 | Veco | 11Oga | GND | 1/Ogy | Ve | VOgg | /010 | GND [ 1/0135 | Veco | NC | GND | 1/Ogp3 | 10105 | O10g | U
\Y 1I0g4 | /Og7 | Ogg | O75 | 11075 | 1/Ogy | 1/Ogs | 1/Ogg | 1/Og, I 1/0g7 | 10191 | V0105 | O1g | VO115 | TDO | 1/Ogq4 | WO117 | VO1p1 | WO1es |V
W | /Ogg | O7q | IOz, | 1/O74 | 1/O79 | Ogz | /Ogg | 1/Ogg | VOgz | 1/Ogs | 1/Ogg | O10q | 1/O104 | VO1g7 | WO10 | NC NC | I/Oy35 | 1Oyg | V0159 | W
N 11071 | 1073 | WO77 | TMS | 1/Ogy | 1/Ogs | /Og7 | /Ogg | 1/Ogs | NC NC | 1/Ogg | /0103 | WO106 | VO1gg | /0111 | NC NC | /O3 | WO119 | Y
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§5 CYPRESS Ultra37000™ CPLD Family

Pin Configurationsi® (continued)

W

—r
—
—

256-Ball Fine-Pitch BGA (BB256)
Top View

A | GND | GND | /Oy | 1Os4 | Os | Vee | V01 | GND | GND | /O1gg | Vec | 10177 | 10175 | 110167 | GND | GND

B | GND | IO, | 10y | 10,5 | 1019 | 1015 | 101 | GND | GND | 1/O1gs | 1015 | 10176 | 110171 | V016 | /0165 | GND

C | W0y | 10s | NC | U0, | 1O | WOy, | 1WOg | VO, | 1O1g; | WO1gs | VO1gg | 0175 | NO170 | NC | 110165 | V0164

D | 1Oz | UOg; | WOge | NC | 1Oy | O3 | 1Og | W05 | UOygo | VO1gg | 110179 | UO174 | 1/O16e | VO1e0 | 10161 | VO16,

E | /05 | UOgs | 1Og3 | WO,y | VO | WO, | 1O | WO, | UOyge | Vee | WOg7g | V0173 | O16g | 10157 | 101sg | 10150

F | Voo | VOsg | U057 | 11036 | TCK | Voo | UOg | 1Oy | WOygg | UO1g | Ve | TDI | 1015y | VO1ss | V0156 | Vee

G | WO43 | VO4 | WO41 | W04 | Ve | WOsg | 1Os | 11Og | 1/O1g7 | 1/O1ag | O1ag | CLK3 | 110150 | 1O1s1 | 11015, | 110155
I

H | GND | GND | /047 | O | CLKq | 1/O45 | 1044 | GND | GND | /014y | 1O | CLK, | 110146 | 10147 | GND | GND
Ny Ny

J | GND | GND | lI0g; | /Ogo | NC | Q49 | 1/O4g | GND | GND | Oygq | 11014y | 1, | WO1gp | VO3 | GND | GND

K | 11057 | UOgg | 1Ogs | 10ss | CLKy | 1Osg | 1Og, | 109y | 1Ogg | 010y | 10135 | Ve | WO1sg | VO1a7 | 10138 | V013
ny

L | Vec | WOgo | Osg | 10sg | TMS | Ve | 1Ogg | 1Ogp | Qg7 | 1010 | Vee | TDO | UOy3; | 110135 | WO1as | Vec

M | UOgs | 110gy | VOgy | 107, | 11077 | UOg, | Ve | VOgg | UOgg | U003 | 0105 | V0115 | V017 | 1O10g | 10450 | 11015,

N | Ogs | Ogs | 1Ogs | 1075 | 1107 | 1/Ogs | 1/Og7 | 1/Ogs | 1/Ogg | VO1gs | VO10g | WO113 | NC | U106 | 1O107 | 110128

P | /Ogg | 10g; | NC | 11074 | 11079 | 1/Ogy | 1/Ogg | 1/Ogs | 110100 | VO1gs | V0110 | O114 | VOug | NC | 1O104 | 1O10g

R | GND | UOge | 1107 | 11075 | Ogy | 1/Ogs | 1/0gg | GND | GND | /0106 | /013y | 0115 | WOs1g | V011 | 10103 | GND

T | GND | GND | /07, | U076 | 1/Ogy | Vee | VOgg | GND | GND | 1097 | Ve | WO | WO1z0 | 110125 | GND | GND
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§5 CYPRESS Ultra37000™ CPLD Family

Pin Configurationsi® (continued)

W
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352-Lead BGA (BG352)
Top View

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

A | GND | GND | 1/04g | /045 | 11043 | 11034 | 110s; | 11006 | 1045 | 1040 | 110 | 110, | 105 |11063| 11060 | 11057 | 11054 | 10230 | 10257 [ 1033 [ 10296 [ V050 [ 1046 [1104s | GND | GND
B [GND | NC |10 | 017 | U014 | 1Oss | 1105 | 110 | 11046 | 11041 | 10 | 105 | 10, | Ve (11061 |110sss | 110255 | 110255 | 110234 | 110231 | 11096 | 110240 | 046 | 1045|1040 | GND
C | 110y | O35 | 11057 | 10416 | 11015 | 11035 | 110sg | 11057 | 1044 | 10g | 110 | 105 | 110 |1/0262| 1050 | 110ss 110255 | 110238 [ 110235 | 0233 | 110230 [ 1051 | 10247 110205 | 110224 | 11057
D | 1/0sq | 04 | V03| NC | NC |10y | 1102 | Veeo |Veco| NC | GND | GND |Veeo | Veco | GND | GND | NC | Veeo [Veco [10236 | 110243] NC | NC (11006110292 | 11055
E |04 | TCK | 1104 | NC NC | TDI |01 |110500
F |05 | 1044 | 1043 | 1104, /0042 1010|1015 | 11017
G |04 | 104 | 04 | 103 /0341 [ 10516 | 10215 11014
H | /O4q | V05 | 051 | Veco Veeo [/0211|10212| 110213
J | Og; | 1Os3 | 1054 | Veco Veeo |/0208 (10200110210
K | 10gs | 10sg | 1107 | NC NC [1/0,05 | 1/0206| 107
L | 10 |Og|1Oss | GND GND | GND | GND | GND | GND | GND GND [I/0g04| 14 |07
M |06 | 1106 | 11 | GND GND | GND | GND | GND | GND | GND GND | 13 |/0y0s/11050
N [ 106, | Vee | 106 | Veco GND | GND | GND | GND | GND | GND Veeo |110201 | 1000|1010
P | 10gs | 065 | 1067 | Veco GND | GND | GND | GND | GND | GND Veeo |10105] Vee |00
R |10gg | 110go | V070 | GND GND | GND | GND | GND | GND | GND GND |1/O403| 1014110105
T |10, | 1Og, | 1Ogs | GND GND | GND | GND | GND | GND | GND GND [1/0;76|1/0176| 019
U | 1i0gg | 10g; | 110gg | NC NC |1/0177|/O176| 10175
V | Og; | /0gg | /Ogg | Veco Veco |10174| 11017310172
W [ 1/Ogy | /0g3 | /Og, | Veco Veco [/0171|1/0170| /0169
Y | 110gs | 11075 | 11075 |110130 /0153 |1/0190| 10161 | 110165
AA | 110, | 11075 | 1076 1104113 /0152|1017 | 10155 | 110150
AB | 107, | 11075 | 1079 | NIC NC [1/O,g4|1/O1g5 110156
AC | 1/0g; | 10gg 110105 NIC | NC [110415 110113 | Veco | Veco | NC | GND | GND [Veeo| Vo | GND | GND | NC' [Veco | Veco [110150|101s1| NC | NC 11055 |110;g3| 110152
AD |1/O16| 0, | 1085 [110117| 11067 [110100| 1016 |VO105 | 0126 | 0123|0126 | 0120 | 12 |1/O135| 110155 | 1O130 [ 10142 | 110157 110156 | 10161 110163 | 10166 [ 110146 | 0156 [ 110151 | 10154
AE | GND | NC [1/Oy35|1/0116| 0116 | 11Ogs 110161 | 101030106 | 0121 [VO 124 0127 | Ve 10130 | 110134 | 10157 110140 10145 110160 | 1016 | 1O165 | 0144 | 10147 | 1014 | NC | GND
AF | GND | GND [1/0114|1/O135| 100g | 11066 | TMS {11004 110107 | 10125 | 110125 | 10125 | 10131 [0 155 | O+ 35 [ O35 | 10141 110156 | 110155 | TDO 110164 110167 | 10145 110146 GND | GND
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=7 CYPRESS Ultra37000™ CPLD Family

Pin Configurationsi® (continued)

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

A | GND | GND | NC | I0y7 | /O1g | 11014 | VO | Vee | #O11 | GND | GND | I0p57 | Ve | 1/Ogs9 | Osgg | V0235 | 10530 | NC | GND | GND

B | GND [ GND | GND | NC | IOy5 | IOy3 | Opg | Ve | 1Oy | GND | GND | 1046 | Ve | 1Opag | 10p3; | 109 | NC | GND | GND | GND

c NC | GND | GND | GND | /0y | UO1p | UOs7 | Vee | 1Og | GND | GND | 1/Ogs5 | Vee | V037 | 110208 | 110245 | GND | GND | GND | NC

D | W04 | NC | GND | VO, | UOyg | 045 | 1/Ogg | 1105 | 1105 | GND | GND | /0484 | VOsg5 | 036 | 10gs1 | Om4s | 110245 | GND | NC | 110597

E | Oug | 043 | WOs5 | 10, | NC | Og5 | 11034 | WO, | 1107 | 1O, | VO | VO3 | 10234 | 10ps0 | 0p4 | NC | 104 | 10445 | U045 | 10506

F | O4 | O | 04 | UO4y | U4 | NC | 1Og5 | 1/O5, | UOg | WOz | 1Omgp | UOzss | UOs4g | 10247 | 10200 | 01 | 040 | V0m0s | 005 | 110504

G | WOsg | IO, | 1I0g; | 1Osg | 11039 | 1/Ogg | UOg7 | 1Oz | VOs | 10, | 10me1 | Vee | VOmag | V0217 | U015 | VOp1g | #Om15 | 11015 | V0414 | U015

H | Voo | Vec | Vee | V04 | U045 | 11036 | TCK | Ve | V050 | WOy | WOsse [ V0260 | Vee | TDI | HOp16 | V010 | V0211 | Vee | Vee | Vee

J | WOsg | /Osg | 11057 | UOsg | UOgs | 110ss | Vee | Ogn | 10go | 1Oy | Ogsg | 0s02 | 10s05 | CLK | 110404 | #0205 | 0206 | 10207 | 008 | 110209
Ny

K | GND | GND | GND | GND | l/Ogg | /0gs | CLKg | 1/Ogg | 1/0g; | GND | GND | 1/04gg | 0199 | CLKj | 1/Op0q | /001 | GND | GND | GND | GND
Ny Ny

L | GND | GND | GND | GND | I/Ogg | 1/Ogg | NC | IOg; | /Ogg | GND | GND | /0193 | /0195 | 1, | 1/Oygg | 0197 | GND | GND | GND | GND

M | /Ogg | 11Ogg | 1/Og7 | WOgg | 1/Ogs | 1/0gs | CLKy | 1107, | VO7q | /0106 | VO132 | VO1gp | WO194 | Vo | 10174 | 0175 | V0176 | 10177 | 0475 | 110179
iy

N Vee Vee | Vec | WOgy | 1Ogg | O7; | TMS | Ve | /Ogpg | /0157 | 1Oq33 | /0162 | Ve | TDO | /Oggg | /0168 | 0169 | Vec | Ve Vee

P | VOgs | 1/Ogs | 1/Ogz | /Ogy | 11075 | U074 | UO75 | 0114 | Vee | VO1pg | 110134 | 1/O137 | /0163 | /O1gy | VO1gs | VO1g3 | O170 | 110171 | 1017 | 110175

R | Ogy | 1/O7g | 1O | 110108 | U077 | 1076 | V015 | 0117 | O100 | V0130 | V0135 | 11O1ag | V0164 | V0165 | NC | 1O1gs | 11O1gs | VO1g6 | VO1ge | 110101

T | Og, | 1Ogy | 10150 | 10108 | NC | UOy6 | 1O1g | V0105 | 10101 | V0151 | V0156 | 11O13g | V0156 | 0166 | 10167 | NC | 110454 | 1015 | UO1g7 | 110100

U | WOgz | NC | GND | /Ogyy | VO3 | 1Oq1g | /0104 | 0105 | VO125 | GND | GND | /014 | /0157 | /O1sg | 10150 | O151 | MO155 | GND | NC | 1/04gg

V | NC | GND | GND | GND |10y | I/Ogg | 10105 | Vee | 10125 | GND | GND [ 10141 | Vee | 1/O1se | 110144 | 11045, | GND | GND | GND | NC

W | GND | GND | GND | NC | I/Og; | 1/Ogq | /0105 | Vee | ¥O124 | GND | GND | 10145 | Vee | V160 | Owss | V0147 | NC | GND | GND | GND

Y | GND | GND | NC | I/Ogg | 1/O1qg | O101 | #0107 | Vec | VO125 | GND | GND | 110143 | Ve | V161 | V0146 | VO14g | 110149 | NC | GND | GND
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Ultra37000™ CPLD Family

=2 CYPRESS

Ordering Information

Y37512VP400- 83 BB
Cypress Semiconductor ID
Family Type o . i,
_ ’ perating Conditions
37 = Ultra37000 Family Commercial 0°C to +70°C
Industrial -40°C to +85°C
Macrocell Density Military -55°C to +125°C
32 =32 Macrocells 256 = 256 Macrocells
64 = 64 Macrocells 384 = 384 Macrocells Package Type
128 = 128 Macrocells 512 = 512 Macrocells A =Thin Quad Flat Pack (TQFP)
192 = 192 Macrocells U = Ceramic Quad Flat Pack (CQFP)
. N = Plastic Quad Flat Pack (PQFP)
Operating Reference Voltage NT = Thermally Enhanced Plastic Quad Flat Pack
V= 3._3V Supply_\_/oltage (EQFP)
(5.0V if not specified) J = Plastic Leaded Chip Carrier (PLCC)
Pin Count Y = Ceramic Leaded Chip Carrier (CLCC)
P44 = 44 Leads BG = Ball Grid Array (BGA)
P48 = 48 Leads BA = Fine-Pitch Ball Grid Array (FBGA)
P84 =84 Leads 0.8mm Lead Pitch
P100 = 100 Leads BB = Fine-Pitch Ball Grid Array (FBGA)
P160 = 160 Leads 1.0mm Lead Pitch
P208 = 208 Leads
P256 = 256 Leads Speed
P352 = 352 Leads 125 =125 MHz
P400 = 400 Leads 200 =200 MHz 100 = 100 MHz
167 =167 MHz 83 = 83 MHz
154 =154 MHz 66 = 66 MHz
143 = 143 MHz
5.0V Ordering Information
Macro- Speed Package Operating
cells (MHz) Ordering Code Name Package Type Range
32 200 CY37032P44-200AC Ad4 44-Lead Thin Quad Flat Pack Commercial
CY37032P44-200JC J67 44-Lead Plastic Leaded Chip Carrier
154 CY37032P44-154AC Ad4 44-Lead Thin Quad Flat Pack Commercial
CY37032P44-154JC J67 44-Lead Plastic Leaded Chip Carrier
CY37032P44-154Al Ad4 44-Lead Thin Quad Flat Pack Industrial
CY37032P44-154JI J67 44-Lead Plastic Leaded Chip Carrier
125 CY37032P44-125AC Ad4 44-Lead Thin Quad Flat Pack Commercial
CY37032P44-125JC J67 44-Lead Plastic Leaded Chip Carrier
CY37032P44-125Al Ad4 44-Lead Thin Quad Flat Pack Industrial
CY37032P44-125JI J67 44-Lead Plastic Leaded Chip Carrier
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5.0V Ordering Information (continued)
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Macro- | Speed Package Operating
cells (MHz) Ordering Code Name Package Type Range
64 200 CY37064P44-200AC Ad4 44-Lead Thin Quad Flat Pack Commercial
CY37064P44-200JC J67 44-Lead Plastic Leaded Chip Carrier
CY37064P84-200JC Ja3 84-Lead Plastic Leaded Chip Carrier
CY37064P100-200AC A100 | 100-Lead Thin Quad Flat Pack
154 CY37064P44-154AC Ad4 44-Lead Thin Quad Flat Pack Commercial
CY37064P44-154JC J67 44-Lead Plastic Leaded Chip Carrier
CY37064P84-154JC Ja3 84-Lead Plastic Leaded Chip Carrier
CY37064P100-154AC A100 | 100-Lead Thin Quad Flat Pack
CY37064P44-154Al Ad4 44-Lead Thin Quad Flat Pack Industrial
CY37064P44-154JI J67 44-Lead Plastic Leaded Chip Carrier
CY37064P84-154JI Ja3 84-Lead Plastic Leaded Chip Carrier
CY37064P100-154Al A100 100-Lead Thin Quad Flat Pack
5962-9951902QYA Y67 44-Lead Ceramic Leadless Chip Carrier Military
125 CY37064P44-125AC Ad4 44-Lead Thin Quad Flat Pack Commercial
CY37064P44-125JC J67 44-Lead Plastic Leaded Chip Carrier
CY37064P84-125JC Ja3 84-Lead Plastic Leaded Chip Carrier
CY37064P100-125AC A100 | 100-Lead Thin Quad Flat Pack
CY37064P44-125Al Ad4 44-Lead Thin Quad Flat Pack Industrial
CY37064P44-125J1 J67 44-Lead Plastic Leaded Chip Carrier
CY37064P84-125JI Ja3 84-Lead Plastic Leaded Chip Carrier
CY37064P100-125Al A100 100-Lead Thin Quad Flat Pack
5962-9951901QYA Y67 44-Lead Ceramic Leadless Chip Carrier Military
128 167 CY37128P84-167JC Ja3 84-Lead Plastic Leaded Chip Carrier Commercial
CY37128P100-167AC A100 100-Lead Thin Quad Flat Pack
CY37128P160-167AC A160 | 160-Lead Thin Quad Flat Pack
125 CY37128P84-125JC Ja3 84-Lead Plastic Leaded Chip Carrier Commercial
CY37128P100-125AC A100 100-Lead Thin Quad Flat Pack
CY37128P160-125AC A160 | 160-Lead Thin Quad Flat Pack
CY37128P84-125JI Ja3 84-Lead Plastic Leaded Chip Carrier Industrial
CY37128P100-125Al A100 100-Lead Thin Quad Flat Pack
CY37128P160-125Al A160 | 160-Lead Thin Quad Flat Pack
5962-9952102QYA Y84 84-Lead Ceramic Leaded Chip Carrier Military
100 CY37128P84-100JC Ja3 84-Lead Plastic Leaded Chip Carrier Commercial
CY37128P100-100AC A100 100-Lead Thin Quad Flat Pack
CY37128P160-100AC A160 160-Lead Thin Quad Flat Pack
CY37128P84-100JI Ja3 84-Lead Plastic Leaded Chip Carrier Industrial
CY37128P100-100Al A100 | 100-Lead Thin Quad Flat Pack
CY37128P160-100Al A160 | 160-Lead Thin Quad Flat Pack
5962-9952101QYA Y84 84-Lead Ceramic Leaded Chip Carrier Military
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5.0V Ordering Information (continued)
Macro- | Speed Package Operating
cells (MHz) Ordering Code Name Package Type Range
192 154 CY37192P160-154AC Al160 160-Lead Thin Quad Flat Pack Commercial
125 CY37192P160-125AC Al160 160-Lead Thin Quad Flat Pack Commercial
CY37192P160-125Al A160 160-Lead Thin Quad Flat Pack Industrial
83 CY37192P160-83AC A160 | 160-Lead Thin Quad Flat Pack Commercial
CY37192P160-83Al A160 160-Lead Thin Quad Flat Pack Industrial
256 154 CY37256P160-154AC A160 160-Lead Thin Quad Flat Pack Commercial
CY37256P208-154NC N208 | 208-Lead Plastic Quad Flat Pack
CY37256P256-154BGC BG256 | 256-Lead Ball Grid Array
125 CY37256P160-125AC A160 160-Lead Thin Quad Flat Pack Commercial
CY37256P208-125NC N208 | 208-Lead Plastic Quad Flat Pack
CY37256P256-125BGC BG256 | 256-Lead Ball Grid Array
CY37256P160-125Al A160 160-Lead Thin Quad Flat Pack Industrial
CY37256P208-125NI N208 | 208-Lead Plastic Quad Flat Pack
CY37256P256-125BGlI BG256 | 256-Lead Ball Grid Array
5962-9952302QzC U162 160-Lead Ceramic Quad Flat Pack Military
83 CY37256P160-83AC A160 | 160-Lead Thin Quad Flat Pack Commercial
CY37256P208-83NC N208 | 208-Lead Plastic Quad Flat Pack
CY37256P256-83BGC BG256 | 256-Lead Ball Grid Array
CY37256P160-83Al Al160 160-Lead Thin Quad Flat Pack Industrial
CY37256P208-83NI N208 | 208-Lead Plastic Quad Flat Pack
CY37256P256-83BGlI BG256 | 256-Lead Ball Grid Array
5962-9952301QZC U162 | 160-Lead Ceramic Quad Flat Pack Military
384 125 CY37384P208-125NC N208 208-Lead Plastic Quad Flat Pack Commercial
CY37384P256-125BGC BG256 | 256-Lead Ball Grid Array
83 CY37384P208-83NC N208 | 208-Lead Plastic Quad Flat Pack Commercial
CY37384P256-83BGC BG256 | 256-Lead Ball Grid Array
CY37384P208-83NI N208 | 208-Lead Plastic Quad Flat Pack Industrial
CY37384P256-83BGI BG256 | 256-Lead Ball Grid Array
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5.0V Ordering Information (continued)
Macro- | Speed Package Operating
cells (MHz) Ordering Code Name Package Type Range
512 125 CY37512P208-125NC N208 208-Lead Plastic Quad Flat Pack Commercial
CY37512P256-125BGC BG256 | 256-Lead Ball Grid Array
CY37512P352-125BGC BG352 | 352-Lead Ball Grid Array
100 CY37512P208-100NC N208 | 208-Lead Plastic Quad Flat Pack Commercial
CY37512P256-100BGC BG256 | 256-Lead Ball Grid Array
CY37512P352-100BGC BG352 | 352-Lead Ball Grid Array
CY37512P208-100NI N208 208-Lead Plastic Quad Flat Pack Industrial
CY37512P256-100BGI BG256 | 256-Lead Ball Grid Array
CY37512P352-100BGlI BG352 | 352-Lead Ball Grid Array
5962-9952502QZC U208 | 208-Lead Ceramic Quad Flat Pack Military
83 CY37512P208-83NC N208 | 208-Lead Plastic Quad Flat Pack Commercial
CY37512P256-83BGC BG256 | 256-Lead Ball Grid Array
CY37512P352-83BGC BG352 | 352-Lead Ball Grid Array
CY37512P208-83NI N208 208-Lead Plastic Quad Flat Pack Industrial
CY37512P256-83BGI BG256 | 256-Lead Ball Grid Array
CY37512P352-83BGI BG352 | 352-Lead Ball Grid Array
5962-9952501QZC U208 | 208-Lead Ceramic Quad Flat Pack Military
3.3V Ordering Information
Macro- | Speed Package Operating
cells (MHz) Ordering Code Name Package Type Range
32 143 CY37032VP44-143AC Ad4 44-Lead Thin Quad Flat Pack Commercial
CY37032VP44-1433C J67 44-Lead Plastic Leaded Chip Carrier
CY37032VP48-143BAC BA50 | 48-Lead Fine Pitch Ball Grid Array
100 CY37032VP44-100AC Ad4 44-Lead Thin Quad Flat Pack Commercial
CY37032VP44-100JC J67 44-Lead Plastic Leaded Chip Carrier
CY37032VP48-100BAC BA50 | 48-Lead Fine Pitch Ball Grid Array
CY37032VP44-100Al Ad4 44-Lead Thin Quad Flat Pack Industrial
CY37032VP44-100JI J67 44-Lead Plastic Leaded Chip Carrier
CY37032VP48-100BAl BA50 | 48-Lead Fine Pitch Ball Grid Array
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3.3V Ordering Information (continued)
Macro- | Speed Package Operating
cells (MHz) Ordering Code Name Package Type Range
64 143 CY37064VP44-143AC Ad4 44-Lead Thin Quad Flatpack Commercial
CY37064VP44-143JC J67 44-Lead Plastic Leaded Chip Carrier
CY37064VP48-143BAC BA50 | 48-Lead Fine-Pitch Ball Grid Array
CY37064VP84-143JC Ja3 84-Lead Plastic Leaded Chip Carrier
CY37064VP100-143AC A100 | 100-Lead Thin Quad Flatpack
CY37064VP100-143BBC BB100 | 100-Lead Fine-Pitch Ball Grid Array
100 CY37064VP44-100AC Ad4 44-Lead Thin Quad Flatpack Commercial
CY37064VP44-100JC J67 44-Lead Plastic Leaded Chip Carrier
CY37064VP48-100BAC BA50 | 48-Lead Fine-Pitch Ball Grid Array
CY37064VP84-100JC Ja3 84-Lead Plastic Leaded Chip Carrier
CY37064VP100-100AC A100 | 100-Lead Thin Quad Flatpack
CY37064VP100-100BBC BB100 | 100-Lead Fine-Pitch Ball Grid Array
CY37064VP44-100Al Ad4 44-Lead Thin Quad Flatpack Industrial
CY37064VP44-100JI J67 44-Lead Plastic Leaded Chip Carrier
CY37064VP48-100BAl BA50 | 48-Lead Fine-Pitch Ball Grid Array
CY37064VP84-100JI Ja3 84-Lead Plastic Leaded Chip Carrier
CY37064VP100-100BBI BB100 | 100-Lead Fine-Pitch Ball Grid Array
CY37064VP100-100Al A100 100-Lead Thin Quad Flatpack
5962-9952001QYA Y67 44-Lead Ceramic Leaded Chip Carrier Military
128 125 CY37128VP84-125JC Ja3 84-Lead Plastic Leaded Chip Carrier Commercial
CY37128VP100-125AC A100 100-Lead Thin Quad Flat Pack
CY37128VP100-125BBC BB100 | 100-Lead Fine-Pitch Ball Grid Array
CY37128VP160-125AC A160 | 160-Lead Thin Quad Flat Pack
83 CY37128VP84-83JC Ja3 84-Lead Plastic Leaded Chip Carrier Commercial
CY37128VP100-83AC A100 100-Lead Thin Quad Flat Pack
CY37128VP100-83BBC BB100 | 100-Lead Fine-Pitch Ball Grid Array
CY37128VP160-83AC A160 160-Lead Thin Quad Flat Pack
CY37128VP84-83JI Ja3 84-Lead Plastic Leaded Chip Carrier Industrial
CY37128VP100-83Al A100 | 100-Lead Thin Quad Flat Pack
CY37128VP100-83BBI BB100 | 100-Lead Fine-Pitch Ball Grid Array
CY37128VP160-83Al A160 | 160-Lead Thin Quad Flat Pack
5962-9952201QYA Y84 84-Lead Ceramic Leaded Chip Carrier Military
192 100 CY37192VP160-100AC A160 160-Lead Thin Quad Flat Pack Commercial
66 CY37192VP160-66AC A160 | 160-Lead Thin Quad Flat Pack Commercial
CY37192VP160-66Al Al160 160-Lead Thin Quad Flat Pack Industrial
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Ultra37000™ CPLD Family

=2 CYPRESS
3.3V Ordering Information (continued)
Macro- | Speed Package Operating
cells (MHz) Ordering Code Name Package Type Range
256 100 CY37256VP160-100AC A160 | 160-Lead Thin Quad Flat Pack Commercial
CY37256VP208-100NC N208 | 208-Lead Plastic Quad Flat Pack
CY37256VP256-100BGC BG256 | 256-Lead Ball Grid Array
CY37256VP256-100BBC BB256 | 256-Lead Fine-Pitch Ball Grid Array
66 CY37256VP160-66AC A160 | 160-Lead Thin Quad Flat Pack Commercial
CY37256VP208-66NC N208 | 208-Lead Plastic Quad Flat Pack
CY37256VP256-66BGC BG256 | 256-Lead Ball Grid Array
CY37256VP256-66BBC BB256 | 256-Lead Fine-Pitch Ball Grid Array
CY37256VP160-66Al A160 160-Lead Thin Quad Flat Pack Industrial
CY37256VP256-66BGI BG256 | 256-Lead Ball Grid Array
CY37256VP256-66BBI BB256 | 256-Lead 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 BG256 | 256-Lead Ball Grid Array
66 CY37384VP208-66NC N208 | 208-Lead Plastic Quad Flat Pack Commercial
CY37384VP256-66BGC BG256 | 256-Lead Ball Grid Array
CY37384VP208-66NI N208 | 208-Lead Plastic Quad Flat Pack Industrial
CY37384VP256-66BGI BG256 | 256-Lead Ball Grid Array
512 83 CY37512VP208-83NC N208 | 208-Lead Plastic Quad Flat Pack Commercial
CY37512VP256-83BGC BG256 | 256-Lead Ball Grid Array
CY37512VP352-83BGC BG352 | 352-Lead Ball Grid Array
CY37512VP400-83BBC BB400 | 400-Lead Fine-Pitch Ball Grid Array
66 CY37512VP208-66NC N208 | 208-Lead Plastic Quad Flat Pack Commercial
CY37512VP256-66BGC BG256 | 256-Lead Ball Grid Array
CY37512VP352-66BGC BG352 | 352-Lead Ball Grid Array
CY37512VP400-66BBC BB400 | 400-Lead Fine-Pitch Ball Grid Array
CY37512VP208-66NI N208 | 208-Lead Plastic Quad Flat Pack Industrial
CY37512VP256-66BGI BG256 | 256-Lead Ball Grid Array
CY37512VP352-66BGlI BG352 | 352-Lead Ball Grid Array
CY37512VP400-66BBI BB400 | 400-Lead Fine-Pitch Ball Grid Array
5962-9952601QZC U208 | 208-Lead Ceramic Quad Flat Pack Military

In-System Reprogrammable, ISR, Ultra37000, Warp, Warp Professional, and Warp Enterprise are trademarks of
Cypress Semiconductor Corporation.
ViewDraw and SpeedWave are trademarks of ViewLogic.

Windows is a registered trademark of Microsoft Corporation.
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Package Diagrams

44-Lead Thin Plastic Quad Flat Pack A44
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Package Diagrams (continued)

44-Pin Ceramic Leaded Chip Carrier Y67
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Package Diagrams (continued)

48-Ball (7.0 mm x 7.0 mm x 1.1 mm, 0.80 pitch) Thin BGA BA50
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Ultra37000™ CPLD Family

Package Diagrams (continued)

1

84-Lead Plastic Leaded Chip Carrier J83
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Ultra37000™ CPLD Family

Ilnu

Package Diagrams (continued)

84-Pin Ceramic Leaded Chip Carrier Y84
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Ultra37000™ CPLD Family

I.ﬂh

Package Diagrams (continued)

100-Pin Thin Plastic Quad Flat Pack (TQFP) A100
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Package Diagrams (continued)

100-Ball Thin Ball Grid Array (11 x 11 x 1.4 mm) BB100
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Package Diagrams (continued)

160-Pin Thin Plastic Quad Flat Pack (TQFP) A160
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Ultra37000™ CPLD Family
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Package Diagrams (continued)

160-Lead Ceramic Quad Flatpack (Cavity Up) U162
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Ultra37000™ CPLD Family

Package Diagrams (continued)

208-Lead Plastic Quad Flatpack N208
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Package Diagrams (continued)

208-Lead Ceramic Quad Flatpack (Cavity Up) U208
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(1) PERICOM

PI49FCTS807T
PI49FCT2807T

ProductFeatures

e Guaranteed low skew: 0.25ns

¢ Low input capacitance

e Minimum duty cycle distortion

e 1:10fanout

» High speed: 3.5ns propagation delay

¢ TTL input and CMOS output compatible
~Von=3.3V (typ.)
~VoL=0.3V (typ.)

» Packagesavailable:
—20-pin 300 mil wide SOIC (S)
—20-pin 150 mil wide QSOP (Q)
—20-pin209 mil wde SSOP (H)

* Industrial Operation at-40°C to +85°C

Product Pin Configuration

Fast CMOS Clock Driver

Product Description

Pericom Semiconductor’s PI49FCT series of logic circuits are
produced using the Company’s advanced 0.8 micron CMOS
technology, achieving industry leading speed grades.

The PI49FCT807T and PI49FCT2807T clock drivers feature one
input and ten outputs. The large fanout from a single input line
reduces loading on input clock. TTL level outputs reduce noise
levels on the part. Typical applications are clock and signal
distribution.

The PI49FCT2807T also features a 25-ohm on-chip resistor for
lower noise.

Logic Block Diagram

Al 1 - 20 [ vee
GND [] 2 19 [ Bo

Bo[] 3 18 [ Bs
Vee O 4 20-pinl7 [J GND

B1 [ 5 H,Q,R16 [] B7

GND [] 6 15 [J vee
B2 [ 7 14 [] Bs
vee [ 8 13 [J GND
Bs [] 9 12 [ Bs

GND [ 10 11 [] B4

Product Pin Description

Pin Name Description
A Input
B0 - B9 Outputs
GND Ground
Ve Power

Bo

B1

B2

B3

B4

Bs

Be

B7

Bs

Bo
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PI49FCT807/2807T
’D PmICDM Fast CMOS Clock Driver

Maximum Ratings
(Above which the useful life may be impaired. For user guidelines, not tested.)
Storage TemMPEerature ...........ccoceveevuerienenienenieneeee e —65°Cto +150°C | Note:
Ambient Temperature with Power Applied............ccccevnnene. -40°C to +85°C | Stresses greater than those listed under MAXIMUM

. RATINGS may cause permanent damage to the de-
Supply Voltage to Ground Potential (Inputs & Vcc Only) ..... —0.5V to +7.0V vice. This is a stress rating only and functional opera-

Supply Voltage to Ground Potential (Outputs & D/O Only) .. 0.5V to +7.0V | tion of the device at these or any other conditions
DC INPUE VOIAZE oo ~0.5V to +7.0v | above those indicated in the operational sections of
DC OULPUL CUITENE <o seereeer s seerseerseerseer e 120ma | thisspecification is not implied. Exposure to absolute

maximum rating conditions for extended periods may
Power DisSIPation ...........ccccciiiiiiiiiiics 0.5W [ affectreliability.

DC Electrical Characteristics (Over the Operating Range, To =—40°C to +85°C, Vcc = 5.0V £ 5%)

Parameters | Description Test Conditions" Min. | Typ?)| Max. | Units
Vou Output HIGH Voltage | Vcc=Min., Vin=Vimor Vi, Ionu=-15.0mA 24 33 \%
Ion=48.0mA 02 05 \%
VoL Output LOW Current Vce=Min., Vin=Vigor Vi, IoL=12mA(25Q) 02 05 \%
Vi Input HIGH Voltage Guaranteed Logic HIGH Level 20 A%
Vi Input LOW Voltage Guaranteed Logic LOW Level 0.8 A%
Iy Input HIGH Current Vcc=Max. Vin=2.7V 1 pA
I, Input LOW Current Vcc=Max. Vin=0.5V -1 pA
Ii Input HIGH Current Vee=Max., Vin=Vcc (Max.) 20 pA
Vi Clamp Diode Voltage Vce=Min,, Iy =—18mA 0.7 -12 \%
Tos Short Circuit Current Vcee=Max.?3), Vour=GND -60 -120 | -225 mA
Torr Power Down Disable Vcc=GND, Vout=4.5V — — 100 pA
Vi Input Hysteresis 150 mvV

Capacitance (TA=25°C,f=1MHz)

Parameters'? Description Test Conditions Typ. Max. Units
CiN Input Capacitance VIN=0V 6.0 10 pF
Court Output Capacitance Vour=0V 8 12 pF

Notes:

1. For Max. or Min. conditions, use appropriate value specified under Electrical Characteristics for the applicable device type.
2. Typical values are at Vcc = 5.0V, +25°C ambient and maximum loading.

3. Not more than one output should be shorted at one time. Duration of the test should not exceed one second.

4. This parameter is determined by device characterization but is not production tested.
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PE? ICD M PI49FCT807/2807T
Fast CMOS Clock Driver
Trirrrrnrnrererrrerrrrrrrrrrrrrerrrrrrrrrrrrrerrrrrrrrrrrrrerrrrrrerrerrrrrrrrrrerrrrrrrrrerrrrrrrrrrrrrerrrrrrrrrrrrrrrrrrrrrrrrrrrrrrend
Power Supply Characteristics
Parameters | Description Test Conditions() Min. | Typ.?)| Max. | Units
Icc Quiescent Power Vcc=Max. VIN=GND 3 30 LA
Supply Current or Vcc
Alcc Supply Current per Vcc=Max., VIN=3.4V0O) 05 15 mA
Input@ TTLHIGH
Iccp Supply Current per Vcce = Max., Outputs Open ViN=Vcc 04 0.6 mA/
Input per MHz(*) 50% Duty Cycle, ViN=GND MHz
One Input Toggling
Ic Total Power Supply Vcc =Max., Outputs Open VIN=Vcc 20 300 mA
Current(® fcp=50 MHz, VIN=GND
50% Duty Cycle ViN=3.4V 20.7 330
ViN=GND
Notes:
1. For Max. or Min. conditions, use appropriate value specified under Electrical Characteristics for the applicable device.
2. Typical valuesareat Vcc=5.0V, +25°C ambient.
3. Per TTL driven input (VIN = 3.4V); all other inputs at Vcc or GND.
4. This parameter is not directly testable, but is derived for use in Total Power Supply Calculations.
5. Values for these conditions are examples of the Icc formula. These limits are guaranteed but not tested.
6. Ic =IQUIESCENT + IINPUTS + IDYNAMIC

Ic =Icc + Alcc DHNT + Iccp (fcp/2 + fiN1)

Icc = Quiescent Current

Alcc =Power Supply Current for a TTL High Input (VIN=3.4V)

DH = Duty Cycle for TTL Inputs High

NT =Number of TTL Inputs at DH

Iceb = Dynamic Current Caused by an Input Transition Pair (HLH or LHL)
fcp = Clock Frequency for Register Devices (Zero for Non-Register Devices)
fi = Input Frequency

N1 = Number of Inputs at fi

All currents are in milliamps and all frequencies are in megahertz.

Switching Characteristics over Operating Range

807/2807T 807AT 807BT 807CT
Com. Com. Com. Com.
Parameters | Description Conditions'! Min. Max. Min. Max. Min. Max. Min. | Max. [Units|
tPLH Propagation Delay CL=50pF 15 45 15 40 15 38 15 35 ns
tPHL A TOBN RL=500Q
tsK(0) Skew between two outputs — 05 — 05 — 035 — 025 ns
ofsame package(3 )
tsK(p) Skewbetween opposite — 05 — 05 — 035 — 035 ns
transitions of same
output (fter. — tea))®)
tsK(t) Skewbetween outputsof — 1.0 — 1.0 — 0.75 — 0.75 ns
different packageatsame
powersupply, temperature
andspeed grade(3 )
Notes:

1. See test circuit and wave forms.

2. Minimum limits are guaranteed but not tested on Propagation Delays.

3. This parameter is guaranteed but not tested.

PS7008C

06/26/01



PHQ Ica M PI49FCT807/2807T
Fast CMOS Clock Driver
Tt rrrrrrrrrrerrrrrrrrerrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrend
Tests Circuits For All Outputs(® Switch Position
Test Switch
Vce Open Drain
Disable LOW Closed
Enable LOW
All Other Inputs Open
VIN
Gepr:gfstor D.U.T Definitions:
CL = Load capacitance: includes jig and probe capacitance.
RT Rt = Termination resistance: should be equal to ZOUT of the
Pulse Generator.
Switching Waveforms
Propagation Delay Pulse Skew — tsk(p)

Input

Output

Output Skew — tsk(o)

N

Input 7 N
ov
tPLHX [€— <«—» tPHLx
VOH
Ox 7/ \§ — 1.5V
— VoL
tSK(o) [« »> - »| tSK(0)
VoH
Oy \ — 1.5V
/ \— VoL
tPLHy [« > | »| tPHLy

tSK(o) = (tPLHy * tPLHx [Jor OtPHLy ® tPHLx [J

3V
Input — 1.5V
oV
tPLH tPHL
\ VOH
Output — 1.5V
\— VoL

tsk(p) = [tPHL * tPLH [

Package Skew — tsk(t)

20

Input 7 K
ov
tPLH1 f4— <«— tPHL1
VoH
Package 1 / \ 15V
Output )
__/ \_ VoL
tSK(t) [a— <> tSK(t)
VoH
Package 2 \ — 18V
Output / N :
VoL
tPLH2 |- -t > tPHL2

tsk(t) = OtPLH2 e tPLH1 Cor [tPHL2 © tPHL1 [
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m PE? ICUM PI49FCT807/2807T

Fast CMOS Clock Driver
20-Pin 209-Mil SSOP (H)
D0OAROARNN
!
fsﬁa
IEERERRRLL

009 0.25
295 J
6.90
7.50

055 022 *‘ 7
078 095 037
Max
291
322
A SEATING =720
y JPLANE ﬁ
+‘ ‘4f +‘ ‘¢ t 002 -\
0256 0098 0.050
BSC Max.

X.XX| DENOTES DIMENSIONS
X.XX| IN MILLIMETERS

20-Pin 150-Mil QSOP (Q)

Nnnonnonon 1N

T \ |
0.20
MIN.
.008
150 [3.81 013
157 |399 E / o
¢ Guage Plane_ 1 -
(o] t 0°-6°
010 -
UUttooooot 0253 MR
1 ) ey 0.41
337 (856 Detail A | ™08
OO | OV le—.041 —>
< 344|874
—>»| |« .015x 45°
.058 _
< (10 REF 053 [1.35 LT
060 | 1.75

AN
/ Detail A \
/ .007 |0.178

SEATING \ /'f 010 |0.254
¢ [ PLANE
— 1 .016 [0.41 T
050 | 1.27 *P
- .004 [0.101

.010 |0.254 < .228
BSC .008 [0.203 244
0.635 .012 |{0.305 5.79

6.19

DENOTES DIMENSIONS
XXX| IN MILLIMETERS
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’D Pm ICDM PI49FCT807/2807T

Fast CMOS Clock Driver
Tt rrerrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrnnd
20-Pin 300-Mil SOIC (S)
20
) 2914 [ 7.40
2992 | 7.60
2 010 [0.254
UOUOOOUDUL >~ 029 |07 XS
1
< .496 [12.60 > ' |
511 |12.99 0.8 / 0091 [0.23
% J/‘ ,k ( 0125 | 032
[y 0ailoe || A
020 [0.508 S 1.27].050 +‘ T
—>» < REF .0926 | 2.35
.030 |0.762 To43 | 265 ( '43123 >
[ \ A SEATING 10.00
i [ PLANE 10.65
Y
J»‘ ‘¢ > ‘+ t .0040 | 0.10
050 o013 0118 | 0.30
BSC .020
033 X.XX| DENOTES CONTROLLING
0.51 X.XX| DIMENSIONS IN MILLIMETERS
Ordering Information
Part Number Marking Code
PI49FCT807xTp PI49FCT807Tpx
PI49FCT2807Tp PI49FCT2807Tp

Note: x=Speed Grades: “blank”, A, B, C.
p = Package Type:

H=209-mil SSOP
Q=150-milQSOP
S=300-mil SOIC

Example:

PI49FCT807ATH=A grade,

Hpkgmarked as PI4OFCT807THA

Pericom Semiconductor Corporation
2380 Bering Drive « San Jose, CA 95131 « 1-800-435-2336 ¢ Fax (408) 435-1100 ¢ http://www.pericom.com
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