


























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































#f!!r" �~�1� �~� CY7C006 
"CYPRESS �=�=�=�=�=�=�~�P�R�E�~�L�;�;�I�M�;�;�I�;�;�N�.�;�;�'�A�R�~�Y�~�=�=�~�C�~�Y�7�~�C�~�O�~�1�6� 
Switching Waveforms (continued) 

Interrupt Timing Diagrams 

Left Side Sets INTR: 

ADDRESSL 
twe 

WRITE3FFF 

ico--- t'NS[32] ---...r-'--________________ ...,...._ 
Right Side Clears INTR: C006-23 

ADDRE:: �,�X�7�X�V�"�'�:�X�7�X�~�~�~�X�-�,�.�;�X�~�X�~�X�~�X�.�.�,�.�.�X�.�-�-�X�.�.�.�,� .... �X�-�X�-�~� .... ==R=EA-:R-:FF-F �;�=�~�*�.�.�:�:�=�=�=�=� 

RNi/R / / / //rZ 
OER '\. '\. '\. �~�~� 

�~�R� �-�=�~�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�~�~� 
Right Side Sets INTL: 

ADDRESSR 

COO6-24 

--- t'NS[31] --_1"'-_________________ _ 
COO6-25 

Left Side Clears INTL 

ADDRESSR �X�X�X�X�X�X�X�X�X�X�X�X�X�X�~�I�4�-�~�~�R�_�E�A�:�_�R�:�F�_�F�F�_�*� 
CEL �~�I�\�.� l ' �:�;�:�:�:�~�=�=�=�=�=� 

mL �-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�-�~�}�(� C006-26 

6-123 



Architecture 
The CY7C006/016 consists of a an array of 16K words of 8/9 bits 
each of du~ort RAM cells, I/O and address lines, and controlsig­
nals (CE, DE, R/W). These control pins permit independent ac­
cess for reads or writes to any location in memory. Th handle simul­
taneous writes/reads to the same location, a BUSY pin is provided 
on each port. Two interrupt (INT) pins can be utilized for port-to­
port communication. Tho semaphore (SEM) controll2..ins are used 
for allocating shared resources. With the MIS pin, the 
CY7C006/016 can function as a Master (BUSY pins are outputs) 
or as a slave (BUSY pins are inputs). The CY7COO6/016 has an au­
tomatic power-down feature controlled Er.. CE. Each port is pro­
videdwith its own output enable control (DE), which allows data to 
be read from the device. 

Functional Description 
Write Operation 

D~ must be set up for a duration of tSD before the rising edge of 
R/W in order to guarantee a valid write. A write operation is con­
trolle<!.Ey either the OE pin (see Write Cycle No.1 waveform) or 
theR/Wpin (see Write Cycle No. 2waveform). Data can be written 
to the device tHZQg. after the DE is deasserted or tHzWE after the 
falling edge of R/W. Required inputs for non-contention opera­
tions are summarized in Table 1. 
If a location is being written to by one port and the opposite port 
attempts to read that location, a port-to-port flowthrough delay 
must be met before the data is read on the output; otherwise the 
data read is not deterministic. Data will be valid on the port tDDD 
after the data is presented on the other port. 

Table 1. Non-Contending ReadlWrite 

Inputs Outputs 

CE R/W OE SEM 1/0 0-7 Operation 

H X X H HighZ Power-Down 

H H L L Data Out Read Data in 
Semaphore 

X X H X HighZ I/O Lines Disabled 

H oF X L Data In Write to Semaphore 

L H L H Data Out Read 

L L X H Data In Write 

L X X L Illegal Condition 

Read Operation 

When reading the device, the user must assert both the OE and CE 
pins. Data will be available tACE after CE or tDOE after OE are as­
serted. If the user of the CY7COO6!016 wishes to access a semaphore 
flag, then the SEM pin must be asserted instead of the CE pin. 

PRELIMINARY 

Interrupts 

CY7C006 
CY7C016 

The interrupt flag (INT) permits communications between 
ports.When the left port writes to location 3FFE(HEX), the right 
port's interrupt flag (INTR) is set. This flag is cleared when the 
ri~port reads that same location. Setting the left port's interrupt flag 
(INT L) is accomplished when the right port writes to location 
3FFE(HEX). This flag is cleared when the left port reads location 
3FFE(HEX). The message at 3F~HE29 is user-defined. See 
Table 2 for input requirements for INT. INT Rand INT L are push­
pull outputs and do not require pull-up resistors to operate. 

Busy 

The CY7C006/016 provides on-chip arbitration to alleviate simul­
taneous memory location access (contention). If both ports' CBs 
are asserted and an address match occurs within tps of each other 
the Busy logic will determine which port has access. If tps is vio­
lated, one port will definitely gain pyrmission to the location, but it 
is not guaranteed which one. BUS will be asserted tBLA after an 
address match or tBLC after CE is taken LOW. BUSYL and 
BUSY R in master mode are push-pull outputs and do not require 
pull-up resistors to operate. 

Master/Slave 

An M/S pin is provided in order to expand the word width by con­
figuring the device as either a master or a slave. The BUSY output 
of the master is connected to the BUSY input of the slave. This will 
allow the device to interface to a master device with no external 
compunents.Writing of slave devices must be delayed until after 
the B SY input has settled. Otherwise, the slave chip may begin a 
write cycle du!!ng a contention situation. When presented a HIGH 
input, the MIS pin allows the device to be used as a master and 
therefore the BUSY line is an output. BUSY can then be used to 
send the arbitration outcome to a slave. 

Semaphore Operation 

The CY7C006/016 provides eight semaphore latches which are 
separate from the dual-port memory locations. Semaphores are 
used to reserve resources that are shared between the two 
ports.The state of the semaphore indicates that a resource is in 
use. For example, if the left port wants to request a given resource, 
it sets a latch by writing a 0 to a semaphore location. The left port 
then verifies its success in setting the latch by reading it. After 
writing to the semaphore, SEM or OE must be deasserted for 
tsop before attempting to read the semaphore. The semaphore 
value will be available tSWRD + tDOE after the rising edge of the 
semaphore write. If the left port was successful (reads a 0), it as­
sumes control over the shared resource, otherwise (reads a 1) it 
assumes the right port has control and continues to poll the sema­
phore.When the right side has relinquished control of the sema­
phore (by writing a 1), the left side will succeed in gaining control 
of the semaphore. If the left side no longer requires the sema­
phore, a 1 is written to cancel its request. 

Table 2. Interrupt Operation Example (assumes BUSYL=BUSYR=HIGH) 

Left Port Right Port 

Function R/W CE OE AoL-13L !NT R/W CE OE AoR-13R INT 

Set Left 00 X X X X L L L X 3FFE X 

Reset Left INT X L L 3FFE H X L L X X 

Set Right INT L L X 3FFE X X X X X L 

Reset Right INT X X X X X X L L 3FFE H 
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Semaphores are accessed by asserting SEM Law. The SEM pin 
functions as a chip enable for the semaphore latches (CE must re­
main HIGH during SEM LOW). Ao-2 represents the semaphore 
address. OE and R/W are used in the same manner as a normal 
memory access. When writing or reading a semaphore, the other 
address pins have no effect. 

When writing to the semaphore, only I100 is used. If a 0 is written 
to the left port of an unused semaphore, a 1 will appear at the same 
semaphore address on the right port. That semaphore can now only 
be modified by the side showing 0 (the left port in this case ). If the 
left port now relinquishes control by writing a 1 to the semaphore, 
the semaphore will be set to 1 for both sides. However, if the right 
port had requested the semaphore (written a 0) while the left port 
had control, the right port would immediately own the semaphore 

PRELIMINARY 
CY7C006 
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as soon as the left port released it. Table 3 shows sample semaphore 
operations. 

When reading a semaphore, all eight data lines output the sema­
phore value. The read value is latched in an output register to pre­
vent the semaphore from changing state during a write from the 
other port. If both ports attempt to access the semaphore within 
tsps of each other, the semaphore will definitely be obtained by one 
side or the other, but there is no guarantee which side will control 
the semaphore. 

Initialization of the semaphore is not automatic and must be reset 
during initialization program at power-up. All Semaphores on 
both sides should have a one written into them at initialization 
from both sides to assure that they will be free when needed. 

Table 3, Semaphore Operation Example 

Function 1100 Left 1/00 Right Status 

No action 1 1 Semaphore free 

Left port writes semaphore 0 1 Left port obtains semaphore 

Right port writes 0 to semaphore 0 1 Right side is denied access 

Left port writes 1 to semaphore 1 0 Right port is granted access to semaphore 

Left port writes 0 to semaphore 1 0 No change. Left port is denied access 

Right port writes 1 to semaphore 0 1 Left port obtains semaphore 

Left port writes 1 to semaphore 1 1 No port accessing semaphore address 

Right port writes 0 to semaphore 1 0 Right port obtains semaphore 

Right port writes 1 to semaphore 1 1 No port accessing semaphore 

Left port writes 0 to semaphore 0 1 Left port obtains semaphore 

Left port writes 1 to semaphore 1 1 No port accessing semaphore 
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Ordering Information 
Speed Package 
(ns) Ordering Code Name 

15 CY7COO6-15AC A65 

CY7COO6-15IC 181 

25 CY7COO6-25AC A65 

CY7COO6-25IC 181 

CY7COO6-25AI A65 

CY7COO6-25JI 181 

35 CY7COO6-35AC A65 

CY7COO6-35IC 181 

CY7COO6-35AI A65 

CY7COO6-35JI 181 

55 CY7COO6-55AC A65 

CY7COO6-55IC 181 

CY7COO6-55AI A65 

CY7COO6-55JI 181 

Speed Package 
(ns) Ordering Code Name 

15 CY7C016-15AC A80 

CY7C016-15IC 181 

25 CY7C016-25AC A80 

CY7C016-25IC 181 

CY7C016-25AI A80 

CY7C016 - 25JI 181 

35 CY7C016-35AC A80 

CY7C016-35IC 181 

CY7C016-35AI A80 

CY7C016-35JI 181 

55 CY7C016-55AC A80 

CY7C016-55IC 181 

CY7C016-55AI A80 

CY7C016-55JI 181 

PRELIMINARY 

Package 1Ype 
Operating 

Range 

64-Lead Thin Quad Flat Package Commercial 

68-Lead Plastic Leaded Chip Carrier 

64-Lead Thin Quad Flat Package Commercial 

68-Lead Plastic Leaded Chip Carrier 

64-Lead Thin Quad Flat Package Industrial 

68-Lead Plastic Leaded Chip Carrier 

64-Lead Thin Quad Flat Package Commercial 

68-Lead Plastic Leaded Chip Carrier 

64-Lead Thin Quad Flat Package Industrial 

68-Lead Plastic Leaded Chip Carrier 

64-Lead Thin Quad Flat Package Commercial 

68-Lead Plastic Leaded Chip Carrier 

64-Lead Thin Quad Flat Package Industrial 

68-Lead Plastic Leaded Chip Carrier 

Operating 
Package 1Ype Range 

80-Lead Thin Quad Flat Package Commercial 

68-Lead Plastic Leaded Chip Carrier 

80-Lead Thin Quad Flat Package Commercial 

68-Lead Plastic Leaded Chip Carrier 

80-Lead Thin Quad Flat Package Industrial 

68-Lead Plastic Leaded Chip Carrier 

80-Lead Thin Quad Flat Package Commercial 

68-Lead Plastic Leaded Chip Carrier 

80-Lead Thin Quad Flat Package Industrial 

68-Lead Plastic Leaded Chip Carrier 

80-Lead Thin Quad Flat Package Commercial 

68-Lead Plastic Leaded Chip Carrier 

80-Lead Thin Quad Flat Package Industrial 

68-Lead Plastic Leaded Chip Carrier 
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MILITARY SPECIFICATIONS 
Group A Subgroup Testing 

DC Characteristics 

Parameters Subgroups 

VOH 1,2,3 

VOL 1,2,3 

VIH 1,2,3 

VILMax. 1,2,3 

IIX 1,2,3 

Ioz 1,2,3 

ICC 1,2,3 

ISB! 1,2,3 

ISB2 1,2,3 

ISB3 1,2,3 

ISB4 1,2,3 

PRELIMINARY 

Switching Characteristics 

Parameters Subgroups 

READ CYCLE 

tRC 7, 8, 9, 10, 11 

tAA 7, 8, 9, 10, 11 

tOHA 7, 8, 9, 10, 11 

tACE 7, 8, 9, 10, 11 

tDOE 7, 8, 9, 10, 11 

WRITE CYCLE 

twc 7, 8, 9, 10, 11 

tSCE 7, 8, 9, 10, 11 

tAW 7, 8, 9, 10, 11 

tHA 7, 8, 9, 10, 11 

tSA 7, 8, 9, 10, 11 

tpWE 7, 8, 9, 10, 11 

tSD 7, 8, 9, 10, 11 

tHD 7,8, 9, 10, 11 

BUSY/INTERRUPT TIMING 

tBLA 7, 8, 9, 10, 11 

tBHA 7, 8, 9, 10, 11 

tBLC 7,8, 9, 10, 11 

tBHC 7,8, 9, 10, 11 

tps 7,8, 9, 10, 11 

tINS 7,8, 9, 10, 11 

tINR 7,8, 9, 10, 11 

BUSY TIMING 

tWB 7, 8, 9, 10, 11 

tWH 7, 8, 9, 10, 11 

tBDD 7, 8, 9, 10, 11 

tDDD 7, 8, 9, 10, 11 

tWDD 7,8, 9, 10, 11 

Document #: 38-00163 
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Features 
• 4K x 16 organization (CY7C024) 
• 4K x 18 organization (CY7C0241) 
• 8K x 16 organization (CY7C025) 
• 8K x 18 organization (CY7C0251) 
• High-speed access 

-15ns 

• Automatic power-down 
• Low operating power 

- Icc = 150 mA (typ.) 

• Expandable data bus to 32/36 bits or 
more using Master/Slave chip select 
when using more than one device 

• On chip arbitration logic 
• Semaphores included to permit soft­

ware handshaking between ports 
• INT flag for port-to-port communica­

tion 
• Separate upper byte and lower byte 

control 
• Pin select for Master or Slave 
• Available in 84-pin PLCC and 100-pin 

TFP 

Logic Block Diagram 

PRELIMINARY 
CY7C024/0241 
CY7C025/0251 

4Kx 16/18 and 8Kx 16/18 Dual-Port 
Static RAM with Sem, Int, Busy 

• Pin-compatible and functional eqniv-
alent to IDT7024/IDT7025 

Functional Description 
The CY7C024/0241 and CY7C025/0251 
are low-power CMOS 4Kx 16/18 and 8K 
x 16/18 dual-port static RAMs. Various ar­
bitration schemes are included on the 
CY7C024/0241 and CY7C025/0251 to 
handle situations when multiple proces­
sors access the same piece of data. Tho 
ports are provided permitting indepen­
dent, asynchronous access for reads and 
writes to any location in memory. The 
CY7C024/0241 and CY7C025/0251 can 
be utilized as standalone 16-/18-bit 
dual-port static RAMs or mUltiple devices 
can be combined in order to function as a 
32-/36-bit or wider master/slave dual-port 
static RAM. An MIS pin is provided for 
implementing 32-/36-bit or wider memory 
applications without the need for separate 
master and slave devices or additional dis­
crete logic. Application areas include in­
terprocessor/multiprocessordesigns,com­
munications status buffering and 
dual-port video/graphics memory. 

Each port has independent control pins: 
chip enable (<:;E), read or write enable (RI 
W), and output enable (ern). Tho flags 
are provided on each port (BUSY and 
INT). BUSY signals that the port is trying 
to access the same location currently be­
ing access~ the other port. The inter­
rupt flag (INT) permits communication 
between ports or systems by means of a 
mail box. The semaphores are used to 
pass a flag, or token, from one port to the 
other to indicate that a shared resource is 
in use. The semaphore logic is comprised 
of eight shared latches. Only one side can 
control the latch (semaphore) at any time. 
Control of a semaphore indicates that a 
shared resource is in use. An automatic 
power-down feature is controlled inde­
pendently on each port by a chip select 
(<:;E)pin. 

The CY7C024/0241 and CY7C025/0251 
are available in 84-pin PLCCs (CY7C024 
and CY7C025 only) and lOO-pin Thin 
Quad Plastic Flatpack (TQFP). 

WWL ~~~=r-------------, DBL T 

I/Oal - I/015L ---Lj---r.~HI"::::::--F.! I/OaR -I/0 15R 

Notes: 

I/OOL -I/O" ----<l"'-l_HL_.,-_--l 

l!lJSYL(2] -...---------' 

(CY7C025/0251) A'2L 
A11L : . 

1. LB~Lowcr B;te. UB ...... Uppt:r Byte. 

1'----'\1 

i 

IIOOR - IIO'R 

l!lJSYR(2] 

A'2R (CY7C025/0251) 
A11R 

7C024·1 

2. BUSY is an output in master mode and an input in slave mode. 
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Pin Configurations 

IJO'4L 
I/O'5l 

Vee 
GND 
I/OOR 
110m 
I/0 2A 
Vee 

1/0 3R 
1/0 4R 
I/0 5R 
I/O", 
I/0 7R 
VOSR 

1I0 '0l 
I/O'1L 
1/0 ,2l 
I/O'3L 
GND 

1/0 ,4l 
I/O'5L 

Vee 
GND 
IIOOR 
I/O'R 
1/0 2R 
Vee 

1I0 3R 
I/0 4R 
I/05R 
IIOOR 
1I0 7R 
I/OSR 

84·PinPLCC 
Top View 

~cS i5:;i ~ Rl 0 :;::! s..J C,)..J ...J...J....I....I ...J...J 

gg g g g g ~g gl~ >ol~I~I~I~ I~ ~ if ./>~ 
11 10 9 8 7 6 5 4 3 2 1 

CY7C024 

Arc 

AcL 
AcL 
AoL 
AsL 
A2L 
AIL 
AcL 

JJ'lTL 
IlUS'IL 

GNO 
MiS 
l!OS'i'R 
JJ'lTR 
AOR 

A'R 
A2R 
AcR 
AoR 
AcR 
AOR 

7C024-2 

84·PinPLCC 
ThpView 

~ m ffi ;;# ~ C\I 0 :;::! cL . ..r (.) ~I':Z...J ..J ...J ..J ..J -' ...J 

gg g g g g l5g g!~ >ol~ ~I~I~ I~ Ii! ~~ 
111098765432184838281807978777675 

CY7C025 

30 
~ E 

32 33343536 373839 40414243 4445464748495051 525354 
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A7L 

AcL 
AcL 
AoL 
AcL 
A2L 
AIL 
AOL 
lIIITL 
l!OS'i'L 
GND 
MiS 
l!OS'i'R 
lNiR 
AcR 

A'R 
A2R 
AcR 
A4R 

A'R 
AOR 



Pin Configurations (continued) tOO-Pin TQFP 
Top View 

10099 98 97 96 95 94 93 92 91 90 B9 88 87 8685 84 83 82 81 BO 79 78 77 76 

NC 
NC 
NC 
NC 

I/0 10L 

I/0 11L 
I/O,2L 
I/O,3L 
GND 

I/O,4L 
I/O,5L 

Vee 
GND 
I/OOR 
I/O'R 
I/0 2R 
Vee 

1/0 3R 

1/0 4R 
1/0 5R 
1/0 6R 

NC 

NC 
NC 
NC 

NC 
NC 
NC 
NC 

I/O,0L 
I/O'1L 
I/O,2L 
I/O'3L 
GND 

I/O'4L 
I/O,5L 

Vee 
GND 
I/OOR 
I/O'R 
1/0 2R 
Vee 

1/00R 
110 .. 
1/0 5R 
I/OeR 

NC 

NC 
NC 
NC 

10099 98 97 96 95 94 93 92 91 90 8988 8786 85 84 83 82 81 80 79 78 n 76 
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NC 
NC 
NC 
NC 

AoL 
~ 
AoL 
Aa 
A'L 
AoL 
II'lTL 
l!lJS\'L 
GND 
MiS 
BUSYR 
II'lTR 
AoR 
A'R 
A2R 
AsR 
~R 
NC 
NC 
NC 

NC 

75 NC 

NC 
NC 

7C024-4 

NC 

AsL 
~L 
AsL 
AcL 
A'L 
AoL 
lfITL 
l!lJS\'L 
GND 
MiS 
BUSYR 
lfITR 
AoR 
A'R 
A'R 
AaR 
~R 
NC 

NC 
NC 

NC 

7C024-5 



Sir" _"~ 
......... 'CyPRESS 

PRELIMINARY 
CY7C024/0241 
CY7C025/0251 

Pin Configurations (continued) lOO-Pin TQFP 
lbpView 

NC 
NC 

ilOal 
I/017L 

I/0 11L 
I/0 12L 
I/0 13L 
I/0 14L 
GND 

I/015L 
1I0 16L 

Vee 
GND 

I/OOR 
110 m 
1/0 2R 
Vee 

110," 
1/0 4R 
I/O'R 
I/06R 
I/DaA 

I/0 17R 

NC 
NC 

NC 
NC 

I/O'L 
t/°17L 
I/0 11L 

I/0 12L 
l/013L 

I/0 14L 
GND 

1/0 15L 
I/0 16l 

Vee 
GND 
I/OOR 
I/0 1R 
I/0 2R 
Vee 

I/0 3A 

I/0 4R 
I/O'R 
1/0 6R 
I/OSR 

I/017R 

NC 
NC 

10099989796 9594 93 92 91 908988 8786 85 84 83 82 81 80 79 78 IT 76 

10099989796 9594 93 92 91 90 89 88 87868584 83 82 81 aD 79 787776 
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75 NC 
NC 
NC 
NC 

AsL 
A4L 
A3L 
A'L 
AtL 
AoL 
II'JTL 
IlUS'/L 
GND 
MiS 

=R 
lIiITR 
AoR 
AtR 

A'R 
AsR 
AoR 
NC 

NC 
NC 
NC 

NC 
NC 
NC 
NC 

A'L 
AoL 
A3L 
AoL 
AtL 
AoL 
II'JTL 

7C024-6 

=L 
GND 
MiS 

=R 
lIiITR 
AoR 
AtR 

A'R 
AoR 
AoR 
NC 
NC 
NC 
NC 
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=-- ~ CY7C024/0241 
? -, CYPRESS ========P;;;;;'RE=L;;;;;IM;;;;;I;;;;;"N;;;;;S4;;;;;R;;;;;Y=;;;;;C;;;;;Y;;;;;7C;;;;;O;;;;;2;;;;;5/;;;;;02;;;;;5=1 

Pin Definitions 
Left Port Right Port Description 

CEL CER Chip Enable 

R/WL R!WR Read!Write Enable 

OEL OER Output Enable 

AoL -A12L AoR-A12R Address 

IIOOL - II0 15L IIOOR - I/015R Data Bus Input/Output 

SEML SEMR Semaphore Enable 

UBL UBR Upper Byte Select 

LBL LBR Lower Byte Select 

INTL INTR Interrupt Flag 

BUSYL BUSYR Busy Flag 

MIS Master or Slave Select 

Vee Power 

GND Ground 

Selection Guide 
7C024/0241-15 7C024/0241-25 7C024/0241-35 7C024/0241-55 
7C025/0251-15 7C025/0251-25 7C025/0251-35 7C025/0251-55 

Maximum Access Time (ns) 15 25 35 55 

Maximum Operating Current (rnA) 280 250 230 220 

Maximum Standby Current for ISBl (rnA) 70 60 50 40 

Maximum Ratings 
(Above which the useful life may be impaired. For user guidelines, 
not tested.) 

Static Discharge Voltage ....................... > 2001 V 

Storage Temperature ................ -65°C to + 15000 C 
Ambient Temperature with 
Power Applied ...................... -55°C to + 125°C 
Supply Voltage to Ground Potential. . . . . .. -0.3V to + 7.0V 
DC Voltage Applied to Outputs 
in High Z State . . . . . . . . . . . . . . . . . . . . . . .. -0.5V to + 7.0V 
DC Input Voltage[3] ..... . . . . . . . . . . . . . .. -O.5V to + 7.0V 
Output Current into Outputs (LOW) .............. 20 rnA 

Note: 
3. Pulse width < 20 ns. 

(per MIL-STD-883, Method 3015) 
Latch-Up Current ........................... >200 rnA 

Operating Range 
Ambient 

Range Temperature Vee 
Commercial O°C to +70°C 5V ± 10% 

Industrial -40°C to +85°C 5V ± 10% 
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=--- ~ CY7C024/0241 

~);CYPRESS================P=~==L=IM=I=N=~=R=Y===C=Y=7C=O=2=5/=02=5~1 
Electrical Characteristics Over the Operating Range 

Parameter Description Test Conditions 

VOH Output HIGH Voltage Vee = Min., IOH - -4.0 rnA 

VOL Output LOW Voltage Vee - Min., IOL - 4.0 rnA 

VIH Input HIGH Voltage 

VIL Input LOW Voltage 

IIX Input Leakage Current GND.s VI.s Vee 

Ioz Output Leakage Current Output Disabled, 
GND.sVo.sVee 

Icc Operating Current Vee = Max., lOUT = 0 rnA, Com'l 
Outputs Disabled Ind 

ISBl Standby Current CEL and CER ~ VIH, Com'l 
(Both Ports TTL Levels) f= fMAX[4J Ind 

ISB2 Standby Current CEL or CEf ~ VIH, Com'l 
(One Port TTL Level) f= fMAX[4 Ind 

ISB3 Standby Current Both Ports CE and CER ~ Com'l 
(Both Ports CMOS Vee - 0.2Y, 
Levels) VIN ~ Vee - 0.2V Ind 

or VIN .s 0.2Y, f = 0[4J 

ISB4 Standby Current One Port CEL or Com'l 
(Both Ports CMOS CER ~ Vee - 0.2Y, 
Levels) VIN ~ Vee - 0.2Vor 

VIN.s0.2Y, Ind 
Active Port Outputs, 
f = fMAX[4J 

Parameter Description Test Conditions 

VOH Output HIGH Voltage Vee = Min., IOH = -4.0 rnA 

VOL Output LOW Voltage V cc - Min., IOL - 4.0 rnA 

VIH Input HIGH Voltage 

VIL Input LOW Voltage 

IIX Input Leakage Current GND.s VI.s Vee 

loz Output Leakage Current Output Disabled, GND .s Vo.s Vee 

Icc Operating Current Vee = Max., lOUT = 0 rnA, 
Outputs Disabled 

ISBl Standby Current 
(Both Ports TTL Levels) 

CEL and CER ~ VIH, 
f = fMAX[4J 

ISB2 Standby Current 
(One Port TTL Level) 

CEL or CEf ~ VIH, 
f = fMAX[4 

ISB3 Standby Current Both Ports CE and CER ~ 
roth Ports CMOS 

evels) 
Vee - 0.2Y,VIN~ VPfr - 0.2V 
or VIN .s 0.2Y, f = 0 

ISB4 Standby Current One Port CEL or 
(Both Ports CMOS CER ~ Vee - 0.2Y, 
Levels) VIN ~ Vee - 0.2V 

or VIN .s 0.2Y, 
Active Port Outputs, 
f = fMAX[4J 

Notes: 
4. fMAX = lItRC = All inputs cycling at f = lItRC (except output en­

able). f = 0 means no address or control lines change. This applies 
only to inputs at CMOS level standby ISB3. 
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Com'l 

Ind 

Com'l 

Ind 

Com'l 

Ind 

Com'l 

Ind 

Com'l 

Ind 

7C024/0241-15 7C024/0241-25 
7C025/0251-15 7C025/0251-25 

Min. 'JYp. Max. Min. lYp. Max. Unit 

2.4 2.4 V 

0.4 0.4 V 

2.2 2.2 V 

0.8 0.8 V 

10 +10 10 +10 J.IA. 
-10 +10 -10 +10 I-\A 

190 280 170 250 rnA 

170 290 

50 70 40 60 rnA 
75 

120 180 100 140 rnA 
100 160 

3 15 3 15 rnA 

3 15 

110 160 90 120 rnA 

90 140 

7C024/0241-35 7C024/0241-55 
7C025/0251-35 7C025/0251-55 

Min. lYP· Max. Min. lYP· Max. Unit 

2.4 2.4 V 

0.4 0.4 V 

2.2 2.2 V 

0.8 0.8 V 

10 +10 10 +10 J.IA. 
-10 +10 -10 +10 J.IA. 

160 230 150 220 rnA 

160 260 150 250 

30 50 20 40 rnA 
30 65 20 60 

85 125 75 110 rnA 
85 140 75 145 

3 15 3 15 rnA 

3 15 3 15 

80 105 70 90 rnA 

80 120 70 105 
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Capacitance[5] 

Parameter Description Test Conditions Max. Unit 

CIN Input Capacitance TA = 25°C, f = 1 MHz, 10 pF 

COUT Uutput Capacitance Vcc = 5.OV 10 pF 

AC Test Loads and Waveforms 
5V 

5V :r-lR1 = 8930 RTH = 2500 :r-l R1 = 8930 OUTPUT 
OUTPUT 

OUTPUT 0 I 'No 

c-"'1 I C = 30 pF I _ R2 = 3470 

- -
C = 5 F 

VTH = 1.4V P I R2 = 3470 

- -- -7C02"S 7C024-9 7C024-10 

(a) Normal Load (Load 1) (b) Thevenin Eqnivalent (Load 1) (c) Three-State Delay (Load 3) 

ALL INPUT PULSES 

OUTPU~ 

I C=30pF 
,OV~ 100 90% 
GND 

~3ns 

Load (Load 2) 7C02'·11 

Switching Characteristics Over the Operating Range[6] 

7C024/0241-15 
7C025/0251-15 

Parameter Description Min. Max. 

READ CYCLE 

tRC Read Cycle Time 15 

tAA Address to Data Valid 15 

tOHA OUTrut Hold From 
Ad ress Change 3 

tACE!?j CE LOW to Data Valid 15 

tDOE OE LOW to Data Valid 10 

tLZOElH,9J OE Low to Low Z 3 

tHZOElH,9j OE HIGH to High Z 10 
tLZCE!8,9j CE LOW to Low Z 3 

tHZCEI8,9J CE HIGH to High Z 10 

tpu CE LOW to Power-Up 0 

tpD CE HIGH to Power-Down 15 

tABEL7J Byte Enable Access Time 15 

Notes:' 
5. Tested initiaIJy and after any design or process changes that may 

affect these parameters. 
6. Test conditions assume signal transition time of 3 ns or less, timing ref­

erence levels of l.SY, input pulse levels of a to 3.0Y, and output loading 
of the specified IOIlIoH and 30-pF load capacitance. 

~ 10% 

~3ns 

7C024-l2 

7C024/0241 25 7C024/0241 35 7C024/0241-55 
7C025/0251-25 7C025/0251-35 7C025/0251-55 
Min. Max. Min. Max. Min. Max. Unit 

25 35 55 ns 

25 35 55 ns 

3 3 3 ns 

25 35 55 ns 

13 20 25 ns 

3 3 3 ns 

15 20 25 ns 

3 3 3 ns 

15 20 25 ns 

0 0 0 ns 

25 25 ns 

25 35 55 ns 

7. To access RAM, CE=L, UB=L, SEM=H. To access semaphore, 
CE=H and SEM=L. Either condition must be valid for the entire 
tscEtime. 

8. At any given temperature and voltage condition for any given device, 
tHZCE is less than tLZCE and tHZOE is less than tLZOE· 

9. Test conditions used are Load 3. 

6-134 



=r- -.,:;:4: PRELIMINARY CCYy77CC00224S//00224S11 
~'CYPRESS~~~~~~~~~~~~~~~~~~ 

Switching Characteristics Over the Operating Rangd6j (continued) 

7C024/0241 15 7C024/0241 25 7C024/0241 35 7C024/0241 55 
7C025/0251-15 7C025/0251-25 7C025/0251-35 7C025/0251-55 

Parameter Description Min. Max. Min. Max. Min. Max. Min. Max. Unit 

WRITE CYCLE 

twc Write Cycle Time 15 25 35 55 ns 

tSCEl/J CE LOW to Write End 12 20 30 35 ns 

tAW Address Set-Up to 12 20 30 35 ns 
Write End 

tHA Address Hold From 0 0 0 0 ns 
Write End 

tSAI?J Address Set-Up to 
Write Start 

0 0 0 0 ns 

tpWE Write Pulse Width 12 20 25 35 ns 

tSD Data Set-Up to Write End 10 15 15 20 ns 

tHD Data Hold From Write End 0 0 0 0 ns 

tHZWEl9J R/W LOW to High Z 10 15 20 25 ns 

tLZWEI"J R/W HIGH to Low Z 0 0 0 0 ns 

tWDDllOJ Write Pulse to Data Delay 30 50 60 70 ns 

tDDDllOj Write Data Valid to Read 25 35 35 45 ns 
Data Valid 

BUSY TIMlNG[llj 

tBLA BUSY LOW from Address 15 20 20 45 ns 
Match 

tBHA BUSY HIGH from Address 15 20 20 40 ns 
Mismatch 

tBLC BUSY LOW from CE LOW 15 20 20 40 ns 

tBHC BUSY HIGH from CEHIGH 15 20 20 35 ns 

tps Port Set-Up for Priority 5 5 5 5 ns 

tWB R/W HIGH after BUSY 0 0 0 0 ns 
(Slave) 

tWH R/W HIGH after BUSY 13 20 30 40 ns 
HIGH (Slave) 

tBDD[12j BUSY HIGH to Data Valid Note Note Note Note ns 
12 12 12 12 

INTERRUPT TIMING[llj 

tINS INT Set Time 15 20 25 30 ns 

tINR INT Reset Time 15 20 25 30 ns 

SEMAPHORE TIMlNG 

tsop SEM Flag Update Pulse (OE 10 12 15 20 ns 
orSEM) 

tSWRD SEM Flag Write to Read Time 5 10 10 15 ns 

tsps SEM Flag Contention 5 10 10 15 ns 
Window 

tSAA SEM Address Access Time 15 25 35 55 ns 

Notes: 
10. For information on port-to-port delay through RAM cells from writ- 12. taDD is a calculated parameter and is the greater oftWDD-tpWE (ac-

ing port to reading port, refer to Read Timing with Busy waveform. tual) or tDDD-tSD (actual). 
11. Test conditions used are Load 2. 
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Data Retention Mode 
The CY7COZ4/0241 is designed with battery backup in mind. Data 
retention voltage and supply current are guaranteed over tempera­
ture. The following rules insure data retention: 

1. Chip enable (CE) must be held HIGH during data retention, 
within V cc to V cc - O.ZY. 

Timing 
Data Reiention Mode 

4.SV Vcc?. 2.0V 

Vee to Vee - 2.0V 

7C024·13 

Parameter Thst Conditions[13] 

ICCDRl @VCCDR=ZV 

Note: 
13. CE = Vee, Vin = GNDto Vee, TA = 25°C. This parameter is guar­

anteed but not tested. 

Z. CE must be kept between V cc - O.ZV and 70% of V cc dur­
ing the power-up and power-down transitions. 

3. The RAM can begin operation >tRC after V cc reaches the 
minimum operating voltage ( 4.5 volts). 
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Switching Waveforms 

Read Cycle No.1 (Either Port Address Access)[14, IS, 16] 

ADDRESS ~O~~------ttRC 
f-tOHA 

r-------------------------~ DATA OUT PREVIOUS DATA VALID DATA VALID 

Read Cycle No.2 (Either Port CE/OE Access)[14, 17, 18] 

tACE 
CEand 

LS or US 
~I'.. ;;'f 

I+--tHZCE-

-'K. 
tDOE 

tHZDE ..... 

~tLZOE-
...,L// // // / DATA VALID -' 

DATA OUT 

tLzCE -- tpu i----tpD 
ICC 

CURRENT 
Iss 

Read Cycle No.3 (Either Port)[14, 16, 17, 18] 

~ 
tRC----------------------~ 

ADDRESS __________________________________________ ~ 

"'-1------------- tAA -------------+/_! 

7C024·14 

DATA OUT __________________________ ~~~~----------------------~~~~~) 

Notes: 
14_ RiW is HIGH for read cycles. 
IS. Device is continuously selected CE = VIL and UB or LB = VIL. This 

waveform cannot be used for semaphore reads. 
16. OE= VIL. 

7C024-16 

17. Address valid prior to or coincident with CE transition LOW 
18. To access RAM, CE = V.lL!..!!B or LB = VIL, SEM = V]H. To access 

semaphore, CE = V]H, SEM = VIL. 
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Switching Waveforms (continued) 

Write Cycle No.1: 11M Controlled Timing[19, 20, 21, 22] 

ADDRESS 

CE[23, 241 

Rm --+----,,1 

DATA OUT NOTE 26 l---------------~--------------~NOTE26 

DATA IN 

Write Cycle No.2: CE Controlled Timing[19, 20, 21, 27] 

twc 

ADDRESS =>K 
tAW 

"CE[23, 241 !\. 
I--tSA tSCE 

R/W 

DATA IN 

Notes: 
19. R/W must be HIGH during all address transitions. 
20. A write occurs duti!!g the overlap (tSCE or tPWE) of a LOW CE or 

SEM and a LOW UB or LB. 
21. IRA is measured from the earlier of CE or R/W or (SEM or R/W) go­

ing HIGH al the end of write cycle. 
22. If OE is LOW during a R/W controlled write cycle, the write pulse 

width must be the larger of tpWE or (tHzWE + tSD) to allow the I/O 
drivers to tum off and data to be p.!!!.ced on the bus for the required 
tSD. If OE is HIGH during an R/W controlled write cycle, this re­
quirement does not apply and the write pulse can be as short as the 
specified tpWE. 

1/ 

I' 

tSD 

7C024-17 

)( 

/V 

tHA--

tsD tHD~ 

/1 
7C02 4·18 

23. 1b access RAM, CE = VIL, SEM = VIH. 
24. To access upper byte, CE = VIL, UB = VIL, SEM = VIH. 

1b access lower byte, CE = VIL, LB = VIlA SEM = VIH. 
25. ltansition is measured ±500 m V from steady state with a 5-pF load 

(including scope and jig). This parameter is sampled and not 100% 
tested. 

26. During this period, the I/O pins are in the output state, and input sig­
nals must not be applied. 

27. If the CE or SEM LOW transition occurs simultaneously with or after 
the R/W LOW transition, the outputs remain in the high-impedance 
state. 
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Switching Waveforms (continued) 

Semaphore Read After Write Timing, Either Side[28] 

1100 
DATAOUT VALID 

7C024-19 

Timing Diagram of Semaphore Contention[29, 3D, 31] 

AoL -A2L -----------------------------><~----------MATCH 

~.~-
R/WL 

SEML 

AoR-A2R MATCH 

R!WR K. 
SEMR I\. 

Notes: 
28. CE = HIGH for the duration of the above timing (both write and read 

cycle). 
29. I/DOR = I/DOL = WW (request semaphore); CER = CEL = HIGH 
30. Semaphores are reset (available to both ports) at cycle start. 

7C024-20 

31. If tsps is violated, the semaphore will definitely be obtained by one 
side or the other, but which side will get the semaphore is unpredict­
able. 
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Switching Waveforms (continued) 

Timing Diagram of Read with BUSY (MJS=HIGH)[32j 

twe 

ADDRESSR K MATCH )K 
~ 

tpWE 
;V' 

DATAINR 

_Iso 

~O '? ~ VALID 

tps i--

ADDRESSL ~ MATCH 

BOS'i'L 

tBLA tBHA 

£tBOO_ 
tO~~ 

DATAouTL ~ E= 
twoo 

70024-21 

Write Timing with Busy Input (MJS=LOW) 

Rm -r- tpWE -i 
BDS'i' ----f ~, J'- f....;tW,;;.;,H-:1----------

7C024·22 

Note: 
32. CEL = CER = LOW. 
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Switching Waveforms (continued) 

Busy Timing Diagram No.1 (CE Arbitration)(33] 

CEL Valid First: 

ADDRESSL,R X ADDRESS MATCH 

GEL 

t~b CER 

ffiJS'i'R 
IBLC~ 

CER Valid First: 

ADDRESSL,R X ADDRESS MATCH 

CER 

~"b GEL 

BUSYL 

Busy Timing Diagram No.2 (Address Arbitration)[33] 

Left Address Valid First: 

tRC orlwc 

IBLC~ 

t'~l 

t'OCl 

ADDRESSL ~ ADDRESS MATCH )K ADDRESS MISMATCH 

_tps-

ADDRESSR )( 
-IBLA I--tBHA 

1-1 BOSYR 

Right Address Valid First: 

IRCorlWC 

ADDRESSR '!JE ADDRESS MATCH )( ADDRESS MISMATCH 

_Ips-

ADDRESSL ~( 

X 

X 

CY7C024/0241 
CY7C025/0251 

7C024-23 

7C024-24 

7C024-25 

I+-IBLA I--IBHA BOSYL---j~=:---
~ 7C024-26 

Note: 
33. Iftpsisviolated, the busy signal will be asserted on one side or the oth­

er, but there is no guarantee to which side BUSY will be asserted. 
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Switching Waveforms (continued) 

Interrupt Timing Diagrams 

Left Side Sets INTR: 
twc 

ADDRESSL WRITE FFF (1 FFF CY7C025) 

RiWL 

INTR 

t1NS[35l ----1"-----------------------
7C024·27 

ADDRESSR XXXXXXXXXXXXXX .......,{1.:..:.Fl.:...;F~=~=~=~5"'-) _~ ___ _ 

Right Side Clears ooR: f tRC ~ ... 

CER 

"-
t1NR[35l 

///// 
lJER '" '" '" '" ~ "-
INTR ~ 

7C024·28 
Right Side Sets INTL: 

twc 

ADDRESSR WRITE FFE (1 FFE CY7C025) 

14--- t1NS[35l ---.f''-____________________ _ 
70024-29 

Left Side Clears INT L: 

AD,"- XXXXXXXXXXXX>OOf~(1.;..;.F~..;;;.~.;;.;;~;.;.;fc~Fg2~5)'___'* ___ _ 

CEL ::ilK. 

Notes: 

RiWL / / / /-;V 

OE
L 
'" '" '" "'.oK 

~L / 

7C024-30 

34. tHA depends on which enable pin (eEL or RlWL) is deasserted first. 35. tINS or tINR depends on which enable pin (eEL or RlWL) is asserted 
last. 
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Architecture 
The CY7C024/0241 and CY7C025/0251 consist of an array of 4K 
words of 16/18 bits each and 8K words of 16/18 bits each of dual­
~t RAM cells, I/O and address lines, and control signals (CE, 
OE, R/W). These control pins permit independent accessforreads 
or writes to any location in memory. To handle simultaneous wri­
tes/reads to the same location, a BUSY pin is provided on each 
port.1Wo interrupt (INT) pins can be utilized forport-to-port com­
munication. Two semaphore (SEM) £.ontrol pins are used for allo­
cating shared resources. With the M/S pin, the CY7C024/0241 and 
CY7C025/0251 can function as a master (BUSY pins are outputs) 
or as a slave (BUSY pins are inputs). The CY7C024/0241 and 
CY7C025/0251 have an automatic power-down feature controlled 
b.r..gE. Each port is provided with its own output enable control 
(OE), which allows data to be read from the device. 

Functional Description 
Write Operation 

Data must be set up for a duration of tSD before the rising edge of 
R/W in order to guarantee a valid write. A write operation is con­
trolled by either the R/W pin (see Write Cycle No.1 waveform) or 
the CE pin (see Write Cycle No.2 waveform). Required inputs for 
non-contention operations are summarized in Table 1. 

If a location is being written to 'by one port and tbe opposite port 
attempts to read that location, a port-to-port flowthrough delay 
must occur before the data is read on the output; otherwise the 
data read is not deterministic. Data will be valid on the port tODD 
after the data is presented on the other port. 

Read Operation 

When reading the device, the user must assert both the OE and CE 
pins. Data will be available tACE after CE or tDOE after OE is as­
serted. If the user of the CY7C024/0241 or CY7C025/0251 wishes 
to access a semaphore fla&..Q1en the SEM pin must be asserted in­
stead of the CE pin, and OE must also be asserted. 

Interrupts 

The upper two memory locations maybe used for message passing. 
The highest memory location (FFF for the CY7C024/0241, IFFF 
for the CY7C025/0251) is the mailbox for the right port and the 
second-highest memory location (FFE for the CY7C024/0241, 
IFFE for the CY7C025/0251) is the mailbox for the left port. 
When one port writes to the other port's mailbox, an interrupt is 
generated to the owner. The interrupt is reset when the owner 
reads the contents of the mailbox. The message is user defined. 

Each port can read the other port's mailbox without resetting the 
interrupt. The active state of the busy signal (to a port) prevents 
the port from setting the interrupt to the winning port. Also, an ac­
tive busy to a port prevents that port from reading its own mailbox 
and thus resetting the interrupt to it. 

If your application does not require message passing, do not con­
nect the interrupt pin to the processor's interrupt request input pin. 

The operation of the interrupts and their interaction with Busy are 
summarized in Table 2. 

Busy 

The CY7C024/0241 and CY7C025/0251 provide on-chip arbitra­
tion to resolve simultaneous memory location access (contention). 

PRELIMINARY 
CY7C024/0241 
CY7C025/0251 

Ifboth ports' CEs are asserted and an address match occurs within 
tps of each other, the busy logic will determine which port has ac­
cess. Iftpsisviolated,oneportwilldefinitelygainpermissiontothe 
location, but which one is not predictable. BUSY will be asserted 
tBLA after an address match or tBLC after CE is taken LOW. 

Master/Slave 

A MIS pin is provided in order to expand the word width by confi­
guring the device as either a master or a slave. The BUSY output of 
the master is connected to the BUSY input of the slave. This will 
allow the device to interface to a master device with no external 
components.Writing to slave devices must be delayed until after 
the BUSY input has settled (tBLC or tBLA). Otherwise, the slave 
chip may begin a write cycle during a contention situation. When 
tied HIGH, the MIS pin allows the device to be used as a master 
and, therefore, the BUSY line is an output. BUSY can then be used 
to send the arbitration outcome to a slave. 

Semaphore Operation 

The CY7C02410241 and CY7C025/0251 provide eight semaphore 
latches, which are separate from the dual-port memory locations. 
Semaphores are used to reserve resources that are shared be­
tween the two ports.The state of the semaphore indicates that a 
resource is in use. For example, if the left port wants to request a 
given resource, it sets a latch by writing a zero to a semaphore lo­
cation. The left port then verifies its success in settin~ latch by 
reading it. After writing to the semaphore, SEM or OE must be 
deasserted for tsop before attempting to read the semaphore. The 
semaphore value will be available tSWRD + tDOE after the rising 
edge of the semaphore write. If the left port was successful (reads 
a zero), it assumes control of the shared resource, otherwise 
(reads a one) it assumes the right port has control and continues 
to poll the semaphore. When the right side has relinquished con­
trol of the semaphore (by writing a one), the left side will succeed 
in gaining control of the semaphore. If the left side no longer re­
quires the semaphore, a one is written to cancel its request. 

Semaphores are accessed by asserting SEM LOW. The SEM pin 
functions as a chip select for the semaphore latches (CE must re­
main HIGH during SEM LOW).Ao-2 represents the semaphore 
address. OE and R/W are used in the same manner as a normal 
memory access. When writing or reading a semaphore, the other 
address pins have no effect. 

When writing to the semaphore, only 1/00 is used. If a zero is writ­
ten to the left port of an available semaphore, a one will appear at 
the same semaphore address on the right port. That semaphore can 
now only be modified by the side showing zero (the left port in this 
case). If the left port now relinquishes control by writing a one to 
the semaphore, the semaphore will be set to one for both sides. 
However, if the right port had requested the semaphore (written a 
zero) while the left port had control, the right port would immedi­
atelyown the semaphore as soon as the left port released it. Table 
3 shows sample semaphore operations. 

When reading a semaphore, all sixteen data lines output the sema­
phore value. The read value is latched in an output register to pre­
vent the semaphore from changing state during a write from the 
other port. If both ports attempt to access the semaphore within 
tsps of each other, the semaphore will definitely be obtained by one 
side or the other, but there is no guarantee which side will control 
the semaphore. 
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Thble 1. Non-Contending Read/Write 

Inputs Outputs 

CE RIW OE UB LB SEM 1/0 8-1/0 15 1/0 0-1/0 7 Operation 

H X X X X H HighZ HighZ Deselected: Power-Down 

X X X H H H HighZ HighZ Deselected: Power-Down 

L L X L H H Data In HighZ Write to Upper Byte Only 

L L X H L H HighZ Data In Write to Lower Byte Only 

L L X L L H Data In Data In Write to Both Bytes 

L H L L H H Data Out HighZ Read Upper Byte Only 

L H L H L H HighZ Data Out Read Lower Byte Only 

L H L L L H Data Out Data Out Read Both Bytes 

X X H X X X HighZ HighZ Outputs Disabled 

H H L X X L Data Out Data Out Read Data in Semaphore 
Flag 

X H L H H L Data Out Data Out Read Data in Semaphore 
Flag 

H ...r X X X L Data In Data In Write DlNo into 
Semaphore Flag 

X ..r X H H L Data In Data In Write DlNo into 
Semaphore Flag 

L X X L X L Not Allowed 

L X X X L L Not Allowed 

Thble 2. Interrupt Operation Example (assumes BUSYL=BUSYR=HIGH)[36j 

Left Port Right Port 

Function RlWL CEL OEL AoL-llL INTL RlWR CER OER AoR-llR INTR 
Set Right INTR Flag L L X (l)FFF X X X X X D,Sj 

Reset Right INT R Flag X X X X X X L L (l)FFF HLjfJ 

Set Left INT L Flag X X X X D37J L L X (l)FFE X 
Reset Left INTL Flag X L L (l)FFE HP~J X X X X X 

Thble 3. Semaphore Operation Example 

Function Do-DIS Left Do-DIS Right Status 

No action 1 1 Semaphore free 
Left port writes 0 to semaphore 0 1 Left Port has semaphore token 

Right port writes 0 to semaphore 0 1 No change. Right side has no write access to 
semaphore. 

Left port writes 1 to semaphore 1 0 Right port obtains semaphore token 
Left port writes 0 to semaphore 1 0 No change. Left port has no write access to 

semaphore 
Right port writes 1 to semaphore 0 1 Left port obtains semaphore token 

Left port writes 1 to semaphore 1 1 Semaphore free 

Right port writes 0 to semaphore 1 0 Right port has semaphore token 

Right port writes 1 to semaphore 1 1 Semaphore free 

Left port writes 0 to semaphore 0 1 Left port has semaphore token 
Left port writes 1 to semaphore 1 1 Semaphore free 

Notes: 
36. AoL-12L and AoR-12R, IFFF/lFFE for the CY7C025. 38. If BUSY L = L, then no change. 
37. If BUSY R - L, then no change. 
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Ordering Information 

Speed Package Operating 
(ns) Ordering Code Name Package1Ype Range 

15 CY7C024-15AC A100 lOO-Pin Thin Quad Flat Pack Commercial 

CY7C024-15JC J83 84-Lead Plastic Leaded Chip Carrier 

25 CY7C024-25AC A100 lOO-Pin Thin Quad Flat Pack Commercial 

CY7C024-25JC J83 84-Lead Plastic Leaded Chip Carrier 

CY7C024-25AI AlOO lOO-Pin Thin Quad Flat Pack Industrial 

CY7C024-25JI J83 84-Lead Plastic Leaded Chip Carrier 

35 CY7C024-35AC A100 lOO-Pin Thin Quad Flat Pack Commercial 

CY7C024-35JC J83 84-Lead Plastic Leaded Chip Carrier 

CY7C024-35AI AlOO lOO-Pin Thin Quad Flat Pack Industrial 

CY7C024-35JI J83 84-Lead Plastic Leaded Chip Carrier 

55 CY7C024-55AC AlOO lOO-Pin Thin Quad Flat Pack Commercial 

CY7C024-55JC J83 84-Lead Plastic Leaded Chip Carrier 

CY7C024-55AI AlOO lOO-Pin Thin Quad Flat Pack Industrial 

CY7C024-55JI J83 84-Lead Plastic Leaded Chip Carrier 

Speed Package Operating 
(ns) Ordering Code Name Package 1Ype Range 

15 CY7C025 -15AC AlOO lOO-Pin Thin Quad Flat Pack Commercial 

CY7C025-15JC J83 84-Lead Plastic Leaded Chip Carrier 

25 CY7C025-25AC A100 lOO-Pin Thin Quad Flat Pack Commercial 

CY7C025-25JC J83 84-Lead Plastic Leaded Chip Carrier 

CY7C025-25AI AlOO lOO-Pin Thin Quad Flat Pack Industrial 

CY7C025-25JI J83 84-Lead Plastic Leaded Chip Carrier 

35 CY7C025-35AC AlOO lOO-Pin Thin Quad Flat Pack Commercial 

CY7C025-35JC J83 84-Lead Plastic Leaded Chip Carrier 

CY7C025-35AI AlOO lOO-Pin Thin Quad Flat Pack Industrial 

CY7C025-35JI J83 84-Lead Plastic Leaded Chip Carrier 

55 CY7C025 - 55AC AlOO lOO-Pin Thin Quad Flat Pack Commercial 

CY7C025-55JC J83 84-Lead Plastic Leaded Chip Carrier 

CY7C025-55AI AlOO lOO-Pin Thin Quad Flat Pack Industrial 

CY7C025 - 55JI J83 84-Lead Plastic Leaded Chip Carrier 
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Ordering Information (continued) 

Speed Package Operating 
(ns) Ordering Code Name Package type Range 

15 CY7C0241-15AC AI00 100-Pin Thin Quad Flat Pack Commercial 

25 CY7C0241-25AC AlOO 100-Pin Thin Quad Flat Pack Commercial 

CY7C0241-25AI AI00 100-Pin Thin Quad Flat Pack Industrial 

35 CY7C0241-35AC AI00 100-Pin Thin Quad Flat Pack Commercial 

CY7C0241-35AI AI00 lOO-Pin Thin Quad Flat Pack Industrial 

55 CY7C0241-55AC AlOO 100-Pin Thin Quad Flat Pack Commercial 

CY7C0241-55AI AI00 lOO-Pin Thin Quad Flat Pack Industrial 

Speed Package Operating 
(ns) Ordering Code Name Package TYpe Range 

15 CY7C0251-15AC AlOO loo-Pin Thin Quad Flat Pack Commercial 

25 CY7C0251-25AC AlOO lOO-Pin Thin Quad Flat Pack Commercial 

CY7C0251-25AI AlOO lOO-Pin Thin Quad Flat Pack Industrial 

35 CY7C0251-35AC AlOO lOO-Pin Thin Quad Flat Pack Commercial 

CY7C0251-35AI AlOO lOO-Pin Thin Quad Flat Pack Industrial 

55 CY7C0251-55AC AlOO lOO-Pin Thin Quad Flat Pack Commercial 

CY7C0251-55AI Aloo lOO-Pin Thin Quad Flat Pack Industrial 

Document #: 38-00255-A 
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Timing Technology 

Device Number 
CY7B991/CY7B992 
CY7B991O/CY7B9920 

Page Number 

Description 
Programmable Skew Clock Buffer (PSCB) ........................................ 7-1 
Low Skew Clock Buffer ....................................................... 7-13 



Features 
• All output pair skew <100 ps typical 

(250 max.) 
• 3.75- to SO-MHz output operation 
• User-selectable output functions 

- Selectable skew to IS ns 
- Inverted and non-inverted 
- Operation at Y2 and Y. input 

frequency 
- Operation at 2x and 4x input 

frequency (input as low as 3.75 
MHz) 

• Zero input to output delay 
• 50% duty-cycle outputs 
• Outputs drive 50n terminated lines 
• Low operating current 
• 32-pin PLCC/LCC package 
• Jitter < 200 ps peak-to-peak 

« 25 ps RMS) 

• Compatible witb a Pentium m -based 
processor 

Functional Description 
The CY7B991 and CY7B992 Program­
mable Skew Clock Buffers (PSCB) offer 
user-selectable control over system clock 
functions. These multiple-output clock 
drivers provide the system integrator with 
functions necessary to optimize the timing 
of high-performance computer systems. 
Eight individual drivers, arranged as four 
pairs of user-controllable outputs, can 
each drive terminated transmission lines 
with impedances as low as son while de­
livering minimal and specified output 
skews and full-swing logic levels 
(CY7B991 TTL or CY7B992 CMOS). 

Each output can be hardwired to one of 
nine delay or function configurations. 
Delay increments of 0.7 to 1.5 ns are de-

CY7B991 
CY7B992 

Programmable Skew 
Clock Buffer (PSCB) 
termined by the operating frequency with 
outputs able to skew up to ±6 time units 
from their nominal "zero" skew position. 
The completely integrated PLL allows ex­
ternalload and transmission line delay ef­
fects to be canceled. When this "zero 
delay" capability of the PSCB is combined 
with the selectable output skew functions, 
the user can create output-to-output de­
lays of up to ± 12 time units. 

Divide-by-two and divide-by-four output 
functions are provided for additional flex­
ibility in designing complex clock systems. 
When combined with the internal PLL, 
these divide functions allow distribution 
of a low-frequency clock that can be mul­
tiplied by two or four at the clock destina­
tion. This facility minimizes clock dis­
tribution difficulty while allowing maxi­
mum system clock speed and flexibility. 



CY7B991 

::'~YPRESS===========================C=Y=7=B9=92= 
Pin Definitions 

Signal Name I/O Description 

REF Reference frequency input. This input supplies the frequency and timing against which all functional 
variation is measured. 

FB 

FS 

1FO,lF1 

2FO,2F1 

3FO,3Fl 

4FO,4Fl 

TEST 

100,101 

200,201 

3QO,301 

400,401 

VCCN 

VCCQ 

GND 

PLL feedback input (typically connected to one of the eight outputs). 

Three-level frequency range select. See Table 1. 

I 

a 
a 
a 
a 

Three-level function select inputs for output pair 1 (100, 101). See Table 2. 

Three-level function select inputs for output pair 2 (ZOO, ZOI). See Table 2. 

Three-level function select inputs for output pair 3 (300, 301). See Table 2. 

Three-level function select inputs for output pair 4 (400, 401). See Table 2. 

Three-level select. See test mode section under the block diagram descriptions. 

Output pair 1. See Table 2. 

PWR 

PWR 

PWR 

Output pair Z. See Table 2. 

Output pair 3. See Table 2. 

Output pair 4. See Table 2. 

Power supply for output drivers. 

Power supply for internal circuitry. 

Ground. 

Block Diagram Description 
Phase Frequency Detector aud Filter 

These two blocks accept inputs from the reference frequency 
(REF) input and the feedback (FB) input and generate correc­
tion information to control the frequency of the Voltage-Con­
trolled Oscillator (VeO). These blocks, along with the veo, 
form a Phase-Locked Loop (PLL) that tracks the incoming REF 
signal. 

VCO and Time Unit Generator 

The veo accepts analog control inputs from the PLL filter block 
and generates a frequency that is used by the time unit generator 
to create discrete time units that are selected in the skew select 
matrix. The operational range of the veo is determined by the 
FS control pin. The time unit (tu) is determined by the operating 
frequency of the device and the level of the FS pin as shown in 
Table 1. 

Table 1. Frequency Range Select and tu Calculation[l] 

fNOM tu = 1 Approximate (MHz) fNOM x N Frequency (MHz) At 
FS[2,3] Min. Max. whereN = Which tu = 1.0 ns 

LOW 15 30 44 ZZ.7 

MID 25 50 Z6 38.5 

HIGH 40 80 16 6Z.5 

Skew Select Matrix 

The skew select matrix is comprised offour independent sections. 
Each section has two low-skew, high-fanout drivers (xOO, xQ1), 
and two corresponding three-level function select (xFO, xFl) in­
puts. Table 2 below shows the nine possible output functions for 
each section as determined by the function select inputs. All 
times are measured with respect to the REF input assuming that 
the output connected to the FB input has Otu selected. 

Table 2. Programmable Skew Configurations[l] 

Function Selects Output Functions 

IFl,2Fl, lFO,2FO, lQO,IQl, 
3Fl,4Fl 3FO,4FO 2QO,2Ql 3QO,3Ql 4QO,4Ql 

LOW LOW - 4tu DividebyZ DividebyZ 

LOW MID - 3tu - 6tu - 6tu 

LOW HIGH - Ztu - 4tu - 4tu 

MID LOW -ltu - Ztu - Ztu 

MID MID Otu Otu Otu 

MID HIGH +ltu +Ztu +Ztu 

HIGH LOW +Ztu + 4tu + 4tu 

HIGH MID + 3tu + 6tu + 6tu 

HIGH HIGH +4tu Divide by4 Inverted 

Notes: 
1. For all three-state inputs, HIGH indicates a connection to Vee, LOW 

indicates a connection to GND, and MID indicates an open connec­
tion. Internal termination circuitry holds an unconnected input to 
Vcd2. 

2. The level to be set on FS is determined by the "normal" operating fre­
quency (fNOM) ofthe V co and Time Unit Generator (see Logic Block 
Diagram). Nominal frequency (fNOM) always appears at lQO and the 
other outputs when they are operated in their undivided modes (see 
Table 2). The frequency appearing at the REF and FB inputs will be 
fNOM when the output connected to FB is undivided. The frequency 
of the REF and FB inputs will be fNOMi2 or fNOM/4 when the part is 
configured for a frequency multiplication by using a divided output as 
the FB input. 

3. When the FS pin is selected HIGH, the REF input must not transition 
upon power-up until Vee has reached 4.3Y. 

7-Z 
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CY7B992 ::')~YPRESS================================ 

" ;:0" " " If <;? " " " " " " 15 ~ M 1\i M ~ ;:0 15 
I I I + + + + + + 

° _0 ° ° _0 ° _0 _0 ° _0 ° _0 _0 

FB Input 

REF Input 

lFx 3Fx 
2Fx 4Fx 

(N/A) LM - Stu --i 

LL LH - 4tu 

LM (N/A) - 3tu 

LH ML - 2tu 

ML (N/A) - 1tu 

MM MM Otu 

MH (N/A) + ltu 

HL MH + 2tu 

HM (N/A) + 3tu 

HH HL + 4tu If"'-
(N/A) HM +Stu 

(N/A) LL/HH DIVIDED 

(N/A) HH INVERT 

78991-3 

Figure 1.'Jypical Outputs with FB Connected to a Zero-Skew Outputl4] 

Test Mode 
The TEST input is a three-level input. In normal system opera­
tion, this pin is connected to ground, allowing the 
CY7B9911CY7B992 to operate as explained briefly above (for 
testing purposes, any of the three-level inputs can have a remov­
able jumper to ground, or be tied LOW through a 100g resistor. 
This will allow an external tester to change the state of these 
pins.) 
If the TEST input is forced to its MID or HIGH state, the device 
will operate with its internal phase locked loop disconnected, and 
input levels supplied to REF will directly control all outputs. 
Relative output to output functions are the same as in normal 
mode. 
In contrast with normal operation (TEST tied LOW). All out­
puts will function based only on the connection of their own func­
tion select inputs (xFO and xF1) and the waveform characteristics 
of the REF input. 

Notes: 
4. FB connected to an output selected for "zero" skew (i.e., xFl : xFO : 

MID). 
5. Indicates case temperature. 

Maximum Ratings 
(Above which the usefullife may be impaired. For user guidelines, 
not tested.) 

Storage Temperature .................. -65°C to +150°C 
Ambient Temperature with 
Power Applied ....................... -55°C to + 125°C 
Supply Voltage to Ground Potential ........ -O.5V to +7.0V 
DC Input Voltage ....................... -O.5V to +7.0V 
Output Current into Outputs (LOW) .............. 64 rnA 
Static Discharge Voltage ........................ >2001V 
(per MIL-STD-883, Method 3015) 
Latch-Up Current ........................... >200 rnA 

Operating Range 
Ambient 

Range Temperature Vee 
Commercial O°C to +70°C 5V::!: 10% 

Industrial -40°C to +85°C 5V::!: 10% 

MilitaryL'J -55°C to + 125°C 5V ± 10% 

7-3 
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~ CY7B991 

_;CYPRESS ==============CY=7B=9=92= 
Electrical Characteristics Over the Operating Rangd6] 

CY78991 CY78992 

Parameter Description Test Conditions Min. Max. Min. 

VOH Output HIGH Voltage Vee - Min., IOH - - 16 rnA 2.4 
Vee - Min., IOH -- 40 rnA Vee-0.75 

VOL Output LOW Voltage Vee = Min., IOL = 46 rnA 0.45 
Vee - Min., IOL -46 rnA 

VIH Input HIGH Voltage 2.0 Vee Vee-
(REF and FB inputs only) 1.35 

VIL Input LOW Voltage 
(REF and FB inputs only) 

- 0.5 0.8 - 0.5 

VIHH Three-Level Input HIGH 
Voltage (Test, FS, xFn)[7] 

Min. ~ V ee ~ Max. Vee -IV Vee Vee -1V 

VIMM Three-Level Input MID Min. ~ V ee ~ Max. Ved2- Ved2+ Ved2-
Voltage (Test, FS, xFn)[7] 500mV 500rnV 500rnV 

VILL Three-Level Input LOW Min. ~ V ee ~ Max. 0.0 1.0 0.0 
Voltage (Thst, FS, xFn)[7] 

IIH Input HIGH Leakage Current 
(REF and FB inputs only) 

Vee - Max., VIN - Max. 10 

IlL Input LOW Leakage Current 
(REF and FB inputs only) 

Vee - Max., VIN - O.4V -500 - 500 

IIHH Input HIGH Current 
(Test, FS, xFn) 

VIN- Vee 200 

IIMM Input MID Current 
(Test, FS, xFn) 

VIN- Ved2 - 50 50 - 50 

IILL Input LOW Current 
(Thst, FS, xFn) 

VIN= GND - 200 

los Output Short Circuit Vee - Max., VOUT 250 
Currentl8] = GND (25°C only) 

leeQ Operating Current Used by VeeN - VeeQ - I Corn'l 85 
Internal Circuitry Max., All Input I Mill 90 

Selects Open Ind 

leeN Output Buffer Current per VCCN - VCCQ - Max., 14 
Output Pair[9] lOUT = o rnA 

Input Selects Open, fMAX 
PD Power Dissigation per VeeN - VeeQ - Max., 78 

Output Pair 10] lOUT = o rnA 
Input Selects Open, fMAX 

Capacitance[12] 
Parameter Description Test Conditions Max. 

Input Capacitance TA = 25°C, f = 1 MHz, Vee = 5.0V 10 

Notes: 
6. See the last page of this specification for Group A subgroup testing in­

formation. 
Where 

F = frequency in MHz 
C = capacitive load in pF 
Z = line impedance in ohms 
N = number of loaded outputs; 0, 1, or 2 
FC=F.C 

Max. 

0.45 

Vee 

1.35 

Vee 

Ved2+ 
500rnV 

1.0 

10 

200 

50 

- 200 

N/A 

85 
90 

19 

104111J 

Unit 

pF 

Unit 
V 

V 

V 

V 

V 

V 

V 

IlA 

IlA 

flA 

IlA 

flA 

rnA 

rnA 

rnA 

rnW 

7. These inputs are normally wired to VCC, GND, orlef! unconnected 
(actual threshold voltages vary as a percentage of V ce). Internal ter­
mination resistors hold unconnected inputs at V ccJ2. If these inputs 
are switched, the function and timing ofthe outputs may glitch and the 
PLL may require an additional tLOCK time before all datasheet limits 
are achieved. 

8. CY7B991 should be tested one output at a time, output shortedfor less 
than one second, less than 10% duty cycle. Room temperature only. 
CY7B992 outputs should not be shorted to GND. Doing so may cause 
permanent damage. 

10. Total power dissipation per output pair can be approximated by the fol­
lowing expression that includes device power dissipation plus power 
dissipation due to the load circuit: 

9. Total output current per output pair can be approximated by the fol­
lowing expression that includes device current plus load current: 
CY7B991: 

ICCN = [(4 + O.l1F) + [«835 - 3F)/Z) + (.0022FC)]N] x 1.1 
CY7B992: 

ICCN = [(3.5+ .l7F) + [«HtiO - :i..8!<)/Z) + (.UU25FC)JNJ x 1.1 

CY7B991: 
PD = [(22 + 0.61F) + [«1550 - 2.7F)/Z) + (.Ol25FC)]N] x 1.1 

CY7B992: 
PD = [(19.25+ 0.94F) + [«700 + 6F)/Z) + (.017FC)]N] x 1.1 

See note 9 for variable definition. 
11. CMOS output buffer current and power dissipation specified at 

50-MHz reference frequency. 
12. Appliesto REF and FB inputs only. Thstedinitially and after any design 

or process changes that may affect these parameters. 
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7CYPRESS==================================~ 
AC Test Loads and Waveforms 

5V 

~R1 R1=130 
R2 = 91 
Cl = 50 pF (Cl = 30pF for -2 and-5 devices) 

Cl I R2 (Includes fixture and probe capacitance) 

""':"" ""':"" 789914 

TTLAC Test Load (CY7B991) 
Vee 

R1 = 100 
R2 = 100 
Cl = 50 pF (Cl = 30pF for-2 and -5 devices) 
(Includes fixture and probe capacitance) ~R1 

Cl R2 I .",.. 78991-6 

CMOS AC Test Load (CY7B992) 

Switching Characteristics Over the Operating Rangd2, 13] 

3.0V 

2.0V 
Vth = 1.5V 
0.8V 

~1 ns 
78991·5 

TTL Input Test Waveform (CY7B991) 

80% 
Vth = Vecl2 
20% 

~3ns 

CMOS Input Test Waveform (CY7B992) 

CY7B991-2[14] CY7B992-2[14] 

Parameter Description Min. lYP· Max. Min. lYP· Max. Unit 

fNOM Operating Clock FS - LOWlI,Lj 15 30 15 30 MHz 
Frequency in MHz FS = MID[l, Lj 25 50 25 50 

FS = HIGHlI.~,jj 40 80 40 80ll;j 

tRPWH REF Pulse Width HIGH 5.0 5.0 ns 

tRPWL REF Pulse Width LOW 5.0 5.0 ns 

tv Programmable Skew Unit See Table 1 

tSKEWPR Zero Output Matched·Pair Skew 0.05 0.20 0.05 0.20 ns 
(XQO, XQ1)[16, 17] 

tSKEWO Zero Output Skew (All OutputS)[l6, l~,lYj 0.1 0.25 0.1 0.25 ns 

tSKEWI Output Skew ~Rise-Rise, Fail-Fail, Same Class 0.25 0.5 0.25 0.5 ns 
Outputs )[16, 2 ] 

tSKEW2 Output Skew (Rise-Fall, Nominal-Inverted, 0.3 0.5 0.3 0.5 ns 
Divided-Divided) [16, 20] 

tSKEW3 Output Skew ~Rise-Rise, Fall-Fall, Different 0.25 0.5 0.25 0.5 ns 
Class Outputs) 16,20] 

tSKEW4 Output Skew (Rise-Fallj Nominal-Divided, 0.5 0.9 0.5 0.7 ns 
Divided-Inverted)[16,20 

tDEV Device-to-Device Skewll4, L1j 0.75 0.75 ns 

tpD Propagation Delay, REF Rise to FB Rise - 0.25 0.0 +0.25 - 0.25 0.0 +0.25 ns 

tODCV Output Duty Cycle Variationl22j - 0.65 0.0 +0.65 - 0.5 0.0 +0.5 ns 

tpWH OutputHIGHTimeDeviationfrom50%lB,~4j 2.0 3.0 ns 

tpWL Output LOW Time Deviation from 50%l23, 24J 1.5 3.0 ns 

tORISE Output Rise TimelL3, 25j 0.15 1.0 1.2 0.5 2.0 2.5 ns 

tOFALL Output Fall TimelL3, L;J 0.15 1.0 1.2 0.5 2.0 2.5 ns 

tLOCK PLL Lock Timel26j 0.5 0.5 ms 

tJR Cycle-to-Cycle Output RMSll4j 25 25 ps 
Jitter Peak-to-Peak[l4j 200 200 ps 
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~;CYPRESS=============================CY=7=B=99==2 
Switching Characteristics Over the Operating Rangd2, 13] (continued) 

Parameter Description 

fNOM Operating Clock FS = LOW[l,4J 
Frequency in MHz FS = MID[l,2J 

FS = IDGHl1,2, 3J 

tRPWH REF Pulse Width HIGH 

tRPWL REF Pulse Width LOW 

tu Programmable Skew Unit 

tSKEWPR Zero Output Matched-Pair Skew 
(XQO, XQ1)[16, 17] 

tSKEWO Zero Output Skew (All Outputs)l16, 18J 

tSKEW1 Output Skew bRise-Rise, Fall-Fall, Same Class 
Outputs )[16,2 ] 

tSKEW2 Output Skew (Rise-Fall, Nominal-Inverted, 
Divided-Divided)[16,20] 

tSKEW3 Output Skew ~Rise-Rise, Fall-Fa\l, Different 
Class Outputs) 16,20] 

tSKEW4 Output Skew (Rise-Fallj Nominal-Divided, 
DiVlded-lnverted)[16,20 

tDEY Device-to-Device Skewl14, 21J 

tpD Propagation Delay, REF Rise to FB Rise 

tODCV Output Duty Cycle Variationl22J 

tpWH Output HIGH Time Deviation from 50%l4j,LAJ 

tPWL Output LOW Time Deviation from 50%l23, 24J 

tORISE Output Rise Timel23, Z:>J 

tOFALL Output Fall Timel23, 4:lJ 

tLOCK PLL Lock Timel26J 

tJR Cyc1e-to-Cyc1e Output RMSll4J 
Jitter Peak-to-Peakl14J 

Notes: 
13. Thst measurement levels for the CY7B991 are TTL levels (1.5V to 

1.5V). Thst measurement levels for the CY7B992 are CMOS levels 
(V cd2 to V cd2). Thst conditions assume signal transition times of 2 
ns or less and output loading as shown in the AC Thst Loads and Wave­
forms unless otherwise specified. 

14. Guaranteed by statistical correlation. Thsted initially and after any de­
sign or process changes that may affect these parameters. 

15. Except as noted, all CY7B992- 2 and -5 timing parameters are speci­
fied to BO-MHz with a 30-pF load. 

16. SKEW is defined as the time between the earliest and the latest output 
transition among all outputs for which the same tu delay has been se­
lected when all are loaded with 50 pF and terroinated with500 to 2.06V 
(CY7B991) or Vcd2 (CY7B992). 

17. tSKEWPR is defined as the skew between a pair of outputs (XQO and 
XQ1) when all eight outputs are selected for Otu. 

18. tSKEWO is defined as the skew between outputs when they are selected 
for Otu. Other outputs are divided or inverted but not shifted. 

19. CL =OpR For CL =30pF, tSKEwo=0.35ns. 
20. There are three classes of outputs: Nominal (multiple oftu delay), In­

verted (4QO and 4Q1 only with 4FO = 4F1 = HIGH), and Divided 
(3Qx and 4Qx only in Divide-by-2 or Divide-by-4 mode). 

CY7B991-S CY7B992-S 

Min. '!Yp. Max. Min. '!Yp. Max. Unit 

15 30 15 30 MHz 

25 50 25 50 

40 80 40 80l15J 

5.0 5.0 ns 

5.0 5.0 ns 

See Table 1 

0.1 0.25 0.1 0.25 ns 

0.25 0.5 0.25 0.5 ns 

0.6 0.7 0.6 0.7 ns 

0.5 1.0 0.6 1.5 ns 

0.5 0.7 0.5 0.7 ns 

0.5 1.0 0.6 1.7 ns 

1.25 1.25 ns 

- 0.5 0.0 +0.5 - 0.5 0.0 +0.5 ns 

- 1.0 0.0 +1.0 - 1.2 0.0 +1.2 ns 

2.5 4.0 ns 

3 4.0 ns 

0.15 1.0 1.5 0.5 2.0 3.5 ns 

0.15 1.0 1.5 0.5 2.0 3.5 ns 

0.5 0.5 ms 

25 25 ps 

200 200 ps 

21. tDEv is the output-to-output skew between any two devices operating 
under the same conditions (V cc ambient temperature, air flow, etc.) 

22. toDCV is the deviation of the output from a 50% duty cycle. Output 
pulse width variations are included in tSKEW2 and tSKEW4 specifica­
tions. 

23. Specified with outputs loaded with 30 pF for the CY7B99X - 2 and - 5 
devices and 50 pF for the CY7B99X -7 devices. Devices are termi­
nated through 500 to 2.06V (CY7B991) or Vcd2 (CY7B992). 

24. tpWH is measured at 2.0V for the CY7B991 and O.B V cc for the 
CY7B992. tpWL is measured at O.BV for the CY7B991 and 0.2 V cc for 
the CY7B992. 

25. tORlSE and loFALLmeasured between O.BV and 2.0V forthe CY7B991 
or O.BV cc and 0.2V cc for the CY7B992. 

26. tLOCK is the time that is required before synchronization is achieved. 
This specification isvalid only after V ccis stable and within normal op­
erating limits. This parameter is measured from the application of a 
new signal or frequency at REF or FB until tpD is within specified 
limits. 
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Switching Characteristics Over the Operating Rangd2, 13] (continued) 

CY7B991-7 CY7B992-7 

Parameter Description Min. '!Yp. Max. Min. '!Yp. Max. Unit 

fNOM Operating Clock FS - LOWl"Lj 15 30 15 30 MHz 
Frequency in MHz FS = MIDll,2J 25 50 25 50 

FS = HIGHL1,2J 40 80 40 50 

tRPWH REF Pulse Width HIGH 5.0 5.0 ns 

tRPWL REF Pulse Width LOW 5.0 5.0 ns 

tv Programmable Skew Unit See Table 1 

tSKEWPR Zero Output Matched-Pair Skew 0.1 0.25 0.1 0.25 ns 
(XQO, XQ1)[16, 17J 

tSKEWO Zero Output Skew (All OutputS)LI6, lMJ 0.3 0.75 0.3 0.75 ns 

tSKEWI Output SkewfoRise-Rise, Fall-Fall, Same Class 0.6 1.0 0.6 1.0 ns 
Outputs )[16,2 ] 

tSKEW2 Output Skew (Rise-Fall, Nominal-Inverted, 1.0 1.5 1.0 1.5 ns 
Divided-Divided) [16, 20] 

tSKEW3 Output Skew (Rise-Rise, Fall-Fall, Different 0.7 1.2 0.7 1.2 ns 
Class Outputs )[16, 20J 

tSKEW4 Output Skew (Rise-Fall, Nominal-Divided, 1.2 1.7 1.2 1.7 ns 
Divided-Inverted) [16, 20] 

tDEV Device-to-Device SkewLl4, 21J 1.65 1.65 ns 

tpD Propagation Delay, REF Rise to FB Rise - 0.7 0.0 +0.7 - 0.7 0.0 +0.7 ns 

tODCV Output Duty Cycle VariationL22J - 1.2 0.0 +1.2 - 1.5 0.0 +1.5 ns 

tPWH Output HIGH Time Deviation from 50%l""', U>j 3 5.5 ns 

tPWL Output LOW Time Deviation from 50%lLj,L4j 3.5 5.5 ns 

tORISE Output Rise TimeL23, 25J 0.15 1.5 2.5 0.5 3.0 5.0 ns 

tOFALL Output Fall TimelLj, L:>j 0.15 1.5 2.5 0.5 3.0 5.0 ns 

tLOCK PLL Lock TimeL2bJ 0.5 0.5 ms 

tJR Cycle-to-Cycle Output RMSllOj 25 25 ps 
Jitter I Peak-to-PeakllOj 200 200 ps 

I 
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AC Timing Diagrams 

REF 

FB 

Q 

OTHERQ 

INVERTED Q 

REF DIVIDED BY 2 

REF DIVIDED BY 4 

78991-8 
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Operational Mode Descriptions 

FB 
SySTEM __ ----, REF 
CLOCK FS 

4FO 
4Fl 

3FO 
3Fl 
2FO 
2Fl 

lFO 
lFl 
TEST 

300 
301 

200 
201 

100 
101 

REF~ , , , 

, , , .------..., 
"'/ ~ LOAD 

~" ,-~ ::==========: ::: ~ ~1 
~ L~ ~ZOL---_--J 
, , , 

LOAD 

fNt-~LI __ LO_A_D_--J 

LENGTH Ll = L2 = L3 = L4 78991-9 

Figure 2. Zero-Skew aud/or Zero-Delay Clock Driver 

Figure 2 shows the PSCB configured as a zero-skew clock buffer. 
In this mode the 7B991/992 can be used as the basis for a low­
skew clock distribution tree. When all of the function select in­
puts (xFO, xFl) are left open, the outputs are aligned and may 
each drive a terminated transmission line to an independent load. 

SYS­
TEM 
CLOCK 

FB 
__ ---i REF 

FS 
4FO 
4Fl 

3FO 
3Fl 

'-_----,2FO 
2Fl 

400 
401 
300 
301 
200 
201 

The FB input can be tied to any output in this configuration and 
the operating frequency range is selected with the FS pin. The 
low-skew specification, coupled with the ability to drive termi­
nated transmission lines (with impedances as low as 50 ohms), al­
lows efficient printed circuit board design. 

, , , ,-------, #V ~'---L-OA-D_-' 

~ fz ~L._LO_A_D----, 
I I I 0 , , , 

~-_--I1FO 

lFl 

TEST 
101 ", L4 LOAD , , , 

, , , '--____ ...J 
100 ::fLI.L..f.l=:~ 

~----L-E-NG-T-H~Ll=L2 ~ 
L3 < L2 by 6 inches 78991-10 
L4 > L2 by 6 inches 

Figure 3. Programmable-Skew Clock Driver 

Figure 3 shows a configuration to equalize skew between metal 
traces of different lengths. In addition to low skew between out­
puts, the PSCB can be programmed to stagger the timing of its 
outputs. The four groups of output pairs can each be pro­
grammed to different output timing. Skew timing can be adjusted 
over a wide range in small increments with the appropriate strap­
ping of the function select pins. In this configuration the 4QO out­
put is fed back to FB and configured for zero skew. The other 
three pairs of outputs are programmed to yield different skews 
relative to the feedback. By advancing the clock signal on the 
longer traces or retarding the clock signal on shorter traces, all 
loads can receive the clock pulse at the same time. 

In this illustration the FB input is connected to an output with 
O-ns skew (xFl, xFO = MID) selected. The internal PLL synchro-

nizes the FB and REF inputs and aligns their rising edges to in­
sure that all outputs have precise phase alignment. 

Clock skews can be advanced by ±6 time units (tv) when using 
an output selected for zero skew as the feedback. A wider range 
of delays is possible if the output connected to FB is also skewed. 
Since "Zero Skew", +tv, and - tv are defined relative to output 
groups, and since the PLL aligns the rising edges of REF and FB, 
it is possible to create wider output skews by proper selection of 
the xFn inputs. For example a + 10 tv between REF and 3Qx can 
be achieved by connecting lQO to FB and setting IFO = IFI = 
GND, 3FO = MID, and 3Fl = High. (Since FB aligns at - 4 tv 
and 3Qx skews to +6 tv, a total of + 10 tv skew is realized.) 
Many other configurations can be realized by skewing both the 
output used as the FB input and skewing the other outputs. 
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FB 
---I REF 

FS 

4FO 
4F1 

3FO 
3F1 

2FO 
2F1 

1FO 
1F1 

TEST 

400 
401 

300 
301 

200 
201 

100 
101 

REF JL..ILJL. , , , 

"'U1J1J"" , , , , , , 
~ 

76991-11 

Figure 4. Inverted Output Connections 

Figure 4 shows an example of the invert function of the PSCB. In 
this example the 400 output used as the FB input is programmed 
for invert (4FO = 4F1 = HIGH) while the other three pairs of 
outputs are programmed for zero skew. When 4FO and 4F1 are 
tied high, 400 and 401 become inverted zero phase outputs. The 
PLL aligns the rising edge of the FB input with the rising edge of 
the REF. This causes the 10, 20, and 30 outputs to become the 
"inverted" outputs with respect to the REF input. By selecting 
which output is connect to FB, it is possible to have 2 inverted 
and 6 non-inverted outputs or 6 inverted and 2 non-inverted out­
puts. The correct configuration would be determined by the need 
for more (or fewer) inverted outputs. 10, 20, and 30 outputs 
can also be skewed to compensate for varying trace delays inde­
pendent of inversion on 40. 

Figure 5 illustrates the PSCB configured as a clock multiplier. The 
300 output is programmed to divide by four and is fed back to 
FB. This causes the PLL to increase its frequency until the 300 
and 301 outputs are locked at 20 MHz while the lOx and 20x 
outputs run at 80 MHz. The 400 and 401 outputs are pro­
grammed to divide by two, which results in a 40-MHz waveform 
at these outputs. Note that the 20- and 40-MHz clocks fall simul­
taneously and are out of phase on their rising edge. This will ai-

REF~ 

20 MHz 
FB 
REF 
FS 

, 
'40 MHz 

4FO 400 -u--u-u-
4F1 401 

'20 MHz 
3FO 300 ~ 3F1 301 

'SO MHz 
2FO 200 ..n.n.nn.tu1.. 2F1 201 , 
1FO 100 n.n.rtJ"t.n.rL 1F1 101 
TEST 17B991~12 

Figure 5. Frequency Multiplier with Skew Connections 

low the designer to use the rising edges of the Y, frequency and V. 
frequency outputs without concern for rising-edge skew. The 
200, 201, 100, and 101 outputs run at 80 MHz and are skewed 
by programming their select inputs accordingly. Note that the FS 
pin is wired for 80-MHz operation because that is the frequency 
of the fastest output. 

Figure 6 demonstrates the PSCB in a clock divider application. 
200 is fed back to the FB input and programmed for zero skew. 
30x is programmed to divide by four. 4Qx is programmed to di­
vide by two. Note that the falling edges of the 40x and 30x out­
puts are aligned. This allows use of the rising edges of the Yz fre­
quency and 1/. frequency without concern for skew mismatch. The 
lOx outputs are programmed to zero skew and are aligned with 
the 2Qx outputs. In this example, the FS input is grounded to 
configure the device in the 15- to 30-MHz range since the highest 
frequency output is running at 20 MHz. 

Figure 7 shows some of the functions that are selectable on the 
30x and 40x outputs. These include inverted outputs and out­
puts that offer divide-by-2 and divide-by-4 timing. An inverted 
output allows the system designer to clock different subsystems 
on opposite edges, without suffering from the pulse asymmetry 
typical of non-ideal loading. This function allows the two subsys­
tems to each be clocked 180 degrees out of phase, but still to be 
aligned within the skew spec. 

The divided outputs offer a zero-delay divider for portions of the 
system that need the clock to be divided by either two or four, 
and still remain within a narrow skew of the "IX" clock. Without 
this feature, an external divider would need to be added, and the 
propagation delay of the divider would add to the skew between 
the different clock signals. 

These divided outputs, coupled with the Phase Locked Loop, al­
low the PSCB to multiply the clock rate at the REF input by ei­
ther two or four. This mode will enable the desiguer to distribute 
a low-frequency clock between various portions of the system, 
and then locally multiply the clock rate to a more suitable fre­
quency, while still maintaining the low-skew characteristics of the 
clock driver. The PSCB can perform all of the functions de­
scribed above at the same time. It can multiply by two and four or 
divide by two (and four) at the same time that it is shifting its out­
puts over a wide range or maintaining zero skew between se­
lected outputs. 

FB 
REF 
FS 

4FO 
4F1 

3FO 
3F1 
2FO 
2F1 

1FO 
1F1 
TEST 

400 
401 

300 
301 

200 
201 

100 
101 

REF~ 
, " 

, , 
, , '10MHz 

l-II--fJ.-r 
• I f I 15 rMHz 
~ 

I , I I :20)v1Hz 

..f1..f1.rlf1-f 

78991-13 

Figure 6. Frequency Divider Connections 
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CY7B991 
CY7B992 

20-MHz 
DISTRIBUTION 

CLOCK 

~--~REF 
: : : : : ~INVERTED LOAD FS 

4FO 
4F1 
3FO 
3F1 
2FO 
2F1 

400 
401 
300 
301 
200 
201 

, 20-MHz Zo 
~ ------, 

111,' __ I LOAD 
~~HZ ~I,--__ --, 
, ' , , , , ZERO SKEW "'fzo 

r __ -I 1FO 
1F1 

100 
101 :r.ut.rit.L.rlt ----- --1 ' ' , , " aO-MHZ-- LOAD 

, , , , " SKEWED 4 ns f ZO'------...1 = 
= 

FB 
SYSTEM __ ----1 REF 
CLOCK FS 

4FO 
4F1 

3FO 
3F1 
2FO 
2F1 

1FO 
1F1 

TEST 

TEST 

Figure 7. Multi-Fuuction Clock Driver 

REF .JL.lLJL 

400 I-~-+ 
401 

, 

78991-14 

LOAD 

:~~ 1----1-= "_ t IL-.._LO_A_D_--, 
201 ' , , _ 0 

100 .n n n - L4 r-~~~§~~~=====l 101 -! ~ ~ ~ 

Figure 8. Board-to-Board Clock Distribution 
78991-15 

Figure 8 shows the CY7B991/992 connected in series to construct 
a zero-skew clock distribution tree between boards. Delays of the 
downstream clock buffers can be programmed to compensate for 
the wire length (i.e., select negative skew equal to the wire delay) 
necessary to connect them to the master clock source, approxi-

mating a zero-delay clock tree. Cascaded clock buffers will accu­
mulate low-frequency jitter because of the non-ideal filtering 
characteristics ofthe PLL filter. It is recommended that not more 
than two clock buffers be connected in series. 
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Ordering Information 
Accuracy 

(ps) Ordering Code 

250 CY7B991-2JC 

500 CY7B991-5JC 

CY7B991-5JI 

750 CY7B991-7JC 

CY7B991-7JI 

CY7B991-7LMB 

250 CY7B992-2JC 

500 CY7B992-5JC 

CY7B992-5JI 

750 CY7B992-7JC 

CY7B992-7JI 

CY7B992-7LMB 

MILITARY SPECIFICATIONS 
Group A Subgroup Testing 

DC Characteristics 
Parameter Subgroups 

VOH 1,2,3 

VOL 1,2,3 

VIH 1,2,3 

VIL 1,2,3 

VIHH 1,2,3 

VIMM 1,2,3 

VILL 1,2,3 

IIH 1,2,3 

IlL 1,2,3 

IIHH 1,2,3 

IIMM 1,2,3 

IILL 1,2,3 

ICCQ 1,2,3 

ICCN 1,2,3 

Document #: 38-00188-G 

Package Operating 
Name Package 1YPe Range 

J65 32-Lead Plastic Leaded Chip Carrier Commercial 

J65 32-Lead Plastic Leaded Chip Carrier Commercial 

J65 32-Lead Plastic Leaded Chip Carrier Industrial 

J65 32-Lead Plastic Leaded Chip Carrier Commercial 

J65 32-Lead Plastic Leaded Chip Carrier Industrial 

L55 32-Pin Rectangular Leadless Chip Carrier Military 

J65 32-Lead Plastic Leaded Chip Carrier Commercial 

J65 32-Lead Plastic Leaded Chip Carrier Commercial 

J65 32-Lead Plastic Leaded Chip Carrier Industrial 

J65 32-Lead Plastic Leaded Chip Carrier Commercial 

J65 32-Lead Plastic Leaded Chip Carrier Industrial 

L55 32-Pin Rectangular Leadless Chip Carrier Military 
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Features 
• All outputs skew <100 ps typical 

(250 max.) 

• 15- to SO-MHz output operation 
• Zero input to output delay 
• 50% duty-cycle outputs 
• Outputs drive 50Q terminated lines 
• Low operating current 
• 24-pin SOIC package 
• Jitter: <200 ps peak to peak, 

<25 psRMS 
• Compatible with Pentium m -based 

processors 

Functional Description 
The CY7B991O and CY7B9920 Low 
Skew Clock Buffers offer low-skew sys­
tem clock distribution. These multiple­
output clock drivers optimize the timing 
of high-performance computer systems. 
Eight individual drivers can each drive 
terminated transmission lines with imped-

Logic Block Diagram 

TEST 

FB 

REF 

PHASE 
FREO 
DET 

FS -------' 

789910·1 

Voltage 

Controlled 

Oscillator 

Pentium is a trademark of Intel Corporation. 

ances as low as SOQ while delivering mini­
mal and specified output skews and full­
swing logic levels (CY7B9910 TIL or 
CY7B9920 CMOS). 

The completely integrated PLL allows 
"zero delay" capability. External divide 
capability, combined with the internal PLL, 
allows distribution of a low-frequency 
clock that can be multiplied by virtually 
any factor at the clock destination. This 
facility minimizes clock distribution diffi­
culty while allowing maximum system 
clock speed and flexibility. 

Block Diagram Description 
Phase Frequency Detector and Filter 

These two blocks accept inputs from the 
reference frequency (REF) input and the 
feedback (FB) input and generate correc­
tion information to control the frequency 
of the Voltage-Controlled Oscillator 
(VCO). These blocks, along with the 
VCO, form a Phase-Locked Loop (PLL) 
that tracks the incoming REF signal. 

VCO 

CY7B9910 
CY7B9920 

Low Skew 
Clock Buffer 

The VCO accepts analog control inputs 
from the PLL filter block and generates a 
frequency. The operational range of the 
VCO is determined by the FS control pin. 

Test Mode 
The TEST input is a three-level input. In 
normal system operation, this pin is con­
nected to ground, allowing the 
CY7B991O/CY7B9920 to operate as ex­
plained above. (For testing purposes, any 
of the three-level inputs can have a re­
movable jumper to ground, or be tied 
LOW through a lOOQ resistor. This will 
allow an external tester to change the 
state of these pins.) 
If the TEST input is forced to its MID or 
HIGH state, the device will operate with 
its internal phase-locked loop discon­
nected, and input levels supplied to REF 
will directly control all outputs. Relative 
output to output functions are the same 
as in normal mode. 

Pin Configuration 

SOIC 
Top View 

00 REF GND 
Vcca TEST 

01 FS NC 
NC GND 

02 Vcca VCCN 
VCCN 07 

00 06 03 01 GND 
GND 05 04 02 04 

03 VCCN 05 VCCN FB 

06 

Q7 789910·2 
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Pin Definitions 

Signal Name I/O Description 

REF I Reference frequency input. This input supplies the frequency and timing against which all functional 
variation is measured. 

FB I PLL feedback input (typically connected to one ofthe eight outputs). 

FSL9,IU,UJ I Three-level frequency range select. 

TEST I Three-level select. See Thst Mode section. 

Q[O .. 7] 0 Clock outputs. 

VeeN PWR Power supply for output drivers. 

VeeQ PWR Power supply for internal circuitry. 

GND PWR Ground. 

Maximum Ratings 
(Above which the useful life may be impaired. For user guidelines, Latch-Up Current ........................... > 200 rnA 
not tested.) 

Storage Thmperature .................. -6SoC to + IS0°C Operating Range 
Ambient Temperature with 
Power Applied ....................... -SsoC to + 12SoC 

Ambient 
Range Temperature Vee 

Supply Voltage to Ground Potential ........ -O.SV to +7 .OV Commercial O°Cto +70°C SV ± 10% 

DC Input Voltage ....................... -O.5V to +7.0V Industrial -40°C to +8SoC SV ± 10% 

Output Current into Outputs (LOW) .............. 64 rnA 

Static Discharge Voltage ........................ >200lV 
(per MIL-STD-883, Method 301S) 

Electrical Characteristics Over the Operating Range 

CY7B9910 CY7B9920 

Parameter Description Test Conditions Min. Max. Min. Max. Unit 

VOH Output HIGH Voltage Vee = Min., IOH = -16mA 2.4 V 

Vee = Min., IOH =-40 rnA Vcc- 0.7S 

VOL Output LOW Voltage Vee = Min., IOL = 46 rnA O.4S V 

Vee - Min., IOL -46 rnA O.4S 

VIH Input HIGH Voltage 2.0 Vee Vee- Vee V 
(REF and FB inputs only) 1.3S 

VIL Input LOW Voltage -0.5 0.8 -0.5 1.3S V 
(REF and FB inputs only) 

VIHH Three-Level Input HIGH Min.::>. Vee::>' Max. Vee -IV Vee Vee -IV Vee V 
Voltage (Thst, FS)[l] 

VIMM Three-Level Input MID Min.::>. Vee::>. Max. Ved2- Ved2+ Ved2- Ved2+ V 
Voltage (Thst, FS)[l] SOOmV SOOmV SOOmV SOOmV 

VILL Three-Level Input LOW Min.::>. Vee::>' Max. 0.0 1.0 0.0 1.0 V 
Voltage (Test, FS)[l] 

IIH InputHIGHLeakageCurrent 
(REF and FB inputs only) 

Vee - Max., VIN - Max. 10 10 fAA 

ILL Input LOW Leakage Current 
(REF and FB inputs only) 

Vee = Max., VIN = O.4V -SOO -SOO fAA 

IIHH Input HIGH Current 
(Thst, FS) 

VIN - Vee 200 200 fAA 

IIMM ~ut MID Current VIN - Ved2 -SO SO -SO SO fAA 
( st, FS) 

IILL Input LOW Current VIN- GND -200 -200 fAA 
(Thst, FS) , I I I I I I 
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Electrical Characteristics Over the Operating Range (continued) 

Parameter Description 

lOS Output Short Circuit 
Currentl2) 

lCCQ Operating Current Used by 
Internal Circuitry 

lCCN Output Buffer Current per 
Output Pair[3J 

PD Power Dissir,ation per 
Output Pair 4J 

Capacitance[6J 

Parameter Description 

Input Capacitance 

Notes: 

CY7B9910 CY7B9920 

Test Conditions Min. Max. Min. 

Vcc = Max., VOUT -250 
= GND (25°C only) 

VCCN = VCCQ = I Corn'l 85 
Max., All Input 
Selects Open I Mil/Ind 90 

V CCN = V CCQ = Max., 
lOUT = o rnA 

14 

Input Selects Open, fMAX 

VCCN = VCCQ = Max., 
lOUT = o rnA 

78 

Input Selects Open, fMAX 

Test Conditions Max. 

TA = 25°C, f = 1 MHz, Vcc = 5.0V 10 

C = capacitive load in pF 
Z = line impedance in ohms 
N = number of loaded outputs; 0, 1, or 2 
FC=F*C 

Max. 

N/A 

85 

90 

19 

10415J 

Unit 

pF 

Unit 

rnA 

rnA 

rnA 

rnW 

1. These inputs are normally wired to V CC, GND, or left unconnected 
(actual threshold voltages vary as a percentage of V cd. Internal ter­
mination resistors hold unconnected inputs at V cel2. If these inputs 
are switched, the function and timing ofthe outputs may glitch and the 
PLL may require an additional tWCK time before all datasheet limits 
are achieved. 

2. Thsted one output at a time, output shorted for less than one second, 
less than 10% duty cycle. Room temperature only. CY7B9920 outputs 
are not short circuit protected. 

4. Total power dissipation per output pair can be approximated by the fol­
lowing expression that includes device power dissipation plus power 
dissipation due to the load circuit: 

3. Total output current per output pair can be approximated by the fol­
lowing expression that includes device current plus load current: 
CY7B9910: 

ICCN = [(4 + 0.11p) + [«835 - 3F)/Z) + (.0022FC)JN] x 1.1 
CY7B9920: 

ICCN = [(3.5+ .17F) + [«1160 - 2.8F)/Z) + (.0025FC)]N] x 1.1 
Where 

F = frequency in MHz 

AC Test Loads and Waveforms 

5V 

tRl Rl = 130 
R2=91 

CY7B9910: 
PD = [(22 + 0.61F) + [«1550 - 2.7F)/Z) + (.Ol25FC)]N] x 1.1 

CY7B9920: 
PD = [(19.25+ 0.94F) + [«700 + 6F)/Z) + (.017FC)]N] x 1.1 

See note 3 for variable definition. 
5. CMOS output buffer current and power dissipation specified at 

50-MHz reference frequency. 
6. Applies to REF and FB inputs only. Tested initially and after any de­

sign or process changes that may affect these parameters. 

3.0V 

2.0V 

TIR2 CL = 50 pF (CL = 30 pF for -5 and -2 devices) 
(Includes fixture and probe capacitance) 

V1h = 1.5V 
0.8V 

789910·3 

TTL AC Thst Load (CY7B9910) 

Vee 

tRl 

TIR2 
Rl = 100 
R2 = 100 
CL = 50 pF (CL = 30 pF for -5 and -2 devices) 
(Includes fixture and probe capacitance) 

789910-5 

CMOS AC Thst Load (CY7B9920) 

7-15 

789910-4 

TTL Input Thst Waveform (CY7B9910) 

Vee 

80% 
Vth = Vecf2 
20% 

~3ns 

789910-6 

CMOS Input Thst Waveform (CY7B9920) 
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Switching Characteristics Over the Operating Rangel7] 

Parameter Description 

fNOM Operating Clock FS = LOWlY, lUI 
Frequency in MHz FS = MIDl9, lUJ 

FS _ HIGHLY, 1U, 11] 

tRPWH REF Pulse Width HIGH 

tRPWL REF Pulse Width LOW 

tSKEW Zero Output Skew (All Outputs)l13, 14J 

tDEY Device-to-Device Skew!8, 15] 

tpD Propagation Delay, REF Rise to FB Rise 

tODCY Output Duty Cycle Variation!!oJ 

tORISE Output Rise Timel17, 1KJ 

tOFALL Output Fall Timel17, 10J 

tLOCK PLL Lock Time!!YJ 

tJR Cycie-to·Cycie Output Peak to Peak 
Jitter RMS 

Parameter Description 

fNOM Operating Clock FS = LOWlY,lU] 
Frequency in MHz FS = MIDlY,IO] 

FS = HIGHl9, lU, llJ 

tRPWH REF Pulse Width HIGH 

tRPWL REF Pulse Width LOW 

tSKEW Zero Output Skew (All Outputs)l13, 14J 

tDEY Device.to-Device SkewlK, 1;] 

tpD Propagation Delay, REF Rise to FB Rise 

tODCY Output Duty Cycle Variation!16] 

tORISE Output Rise TimelI/, I~] 

tOFALL Output Fall Timel17, 18J 

tLOCK PLL Lock Timel19] 

tJR Cycle-to-Cycle Output Peak to Peakl8J 
Jitter IRMS10J 

Notes: 
7. Test measurement levels for the CY7B991O are TTL levels (1.5V to 

1.5V). Test measurement levels for the CY7B9920 are CMOS levels 
(V cd2 to V cd2). Thst conditions asume signaitransition timesof2 ns 
or less and output loading as shown in the AC Test Loads and Wave­
forms unless otherwise specified. 

8. Guaranteed by statistical correlation. Tested initially and after any de­
sign or process changes that may affect these parameters. 

9. For all three-state inputs, HIGH indicates a connection to V cc, LOW 
indicates a connection to GND, and MID indicates an open connec­
tion. Internal termination circuitry holds an unconnected input to 
Vcd2. 

10. The level to be set on FS is determined by the "normal" operating fre­
quency(fNOM) ofthe VCO (see LogicBlockDiagram). The frequency 
appearing at the REF and FB inputs will be fNOMwhen the output con­
nected to FB is undivided. The frequency of the REF and FB inputs 
will be fNOM/X when the device is configured for a frequency multi­
plication by using external division in the feedback path of value X. 

11. When Ibe FS pin is selected HIGH, the REF input must not transition 
upon power-up until V cc has reached 4.3Y. 

CY7B9910-2l8J CY7B9920-2l8J 

Min. 'lYP. Max. Min. '!Yp. Max. Unit 

15 30 15 30 MHz 

25 50 25 50 

40 80 40 801"'J 

5.0 5.0 ns 

5.0 5.0 ns 

0.1 0.25 0.1 0.25 ns 

0.75 0.75 ns 

-0.25 0.0 +0.25 -0.25 0.0 +0.25 ns 

-0.65 0.0 +0.65 -0.65 0.0 +0.65 ns 

0.15 1.0 1.2 0.5 2.0 2.5 ns 

0.15 1.0 1.2 0.5 2.0 2.5 ns 

0.5 0.5 ms 

200 200 ps 
25 25 ps 

CY7B9910-5 CY7B9920-5 

Min. '!Yp. Max. Min. '!Yp. Max. Unit 

15 30 15 30 MHz 

25 50 25 50 

40 80 40 80[12J 

5.0 5.0 ns 

5.0 5.0 ns 

0.25 0.5 0.25 0.5 ns 

1.0 1.0 ns 

-0.5 0.0 +0.5 -0.5 0.0 +0.5 ns 

-1.0 0.0 +1.0 -1.0 0.0 +1.0 ns 

0.15 1.0 1.5 0.5 2.0 3.0 ns 

0.15 1.0 1.5 0.5 2.0 3.0 ns 

0.5 0.5 ms 

200 200 ps 
25 25 ps 

12. Except as noted, all CY7B9920 - 2 and -5 timing parameters are spe­
cified to 80-MHz with a 30-pF load. 

13. SKEW is defined as the time between the earliest and the latest output 
transition among all outputs when all are loaded with 50 pF and termi­
nated with 50Q to 2.06V (CY7B9910) or VCd2 (CY7B9920). 

14. tSKEW is defined as the skew between outputs. 
15. tDEY is the output-to-output skew between any two outputs on sepa­

rate devices operating underlbe same conditions (V cc, ambient tem­
perature, air flow, etc.). 

16. tODCY is the deviation of the output from a 50% duty cycle. 
17. Specified with outputs loaded with 30 pF for the CY7B99XO-2 and 

- 5 devices and 50 pF for Ibe CY7B99XO-7 devices. Devices are ter­
minated through 50Q to 2.06V (CY7B991O) or V Cd2 (CY7B9920). 

18. tORISE and tOFALL measured between 0.8V and 2.0V for the 
CY7B9910 or 0.8Vcc and 0.2Vcc for the CY7B9920. 

19. tLOCK is tbe time tbat is required before synchronization is achieved. 
This specification is valid only after V cc is stable and within normal op­
erating limits. This parameter is measured from the application of a 
ne'.v eignnl or frequency at REF ur FB uniii tpD is within specified 
limits. 
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Switching Characteristics Over the Operating Range[7] (continued) 

CY7B9910-7 CY7B9920-7 

Parameter Description Min. '!Yp. Max. Min. '!Yp. Max. Unit 

fNOM Operating Clock FS = LOWlY, lUJ 15 30 15 30 MHz 
Frequency in MHz FS = MIDI9, lUJ 25 50 25 50 

FS _ HIGHI", lU, 11J 40 80 40 50 

tRPWH REF Pulse Width HIGH 5.0 5.0 ns 

tRPWL REF Pulse Width LOW 5.0 5.0 ns 

tSKEW Zero Output Skew (All Outputs)ll.>, 14J 0.3 0.75 0.3 0.75 ns 

tDEV Device-to-Device Skewl~, I)J 1.5 1.5 ns 

tpD Propagation Delay, REF Rise to FB Rise - 0.7 0.0 +0.7 - 0.7 0.0 +0.7 ns 

tODCV Output Duty Cycle Variationl16J - 1.2 0.0 +1.2 - 1.2 0.0 +1.2 ns 

tORISE Output Rise Timell7, 18J 0.15 1.5 2.5 0.5 3.0 5.0 ns 

tOFALL Output Fall Timell7, 10J 0.15 1.5 2.5 0.5 3.0 5.0 ns 

tLOCK PLL Lock Timet19J 0.5 0.5 ms 

tJR Cycle-to-Cycle Output Peak to Peakl8J 200 200 ps 
Jitter IRMSlOJ 25 25 ps 

AC Timing Diagrams 

REF 

FB 

Q 

OTHERQ I 
789910·8 
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Figure 1. Zero-Skew and/or Zero-Delay Clock Driver 

Operational Mode Descriptions 
Figure 1 shows the device configured as a zero-skew clock buffer. 
In this mode the 7B9910/9920 can be used as the basis for a low­
skew clock distribution tree. The outputs are aligned and may 
each drive a terminated transmission line to an independent load. 
The FB input can be tied to any output and the operating fre­
quency range is selected with the FS pin. The low-skew specifica­
tion, coupled with the ability to drive terminated transmission 

lines (with impedances as low as 50 ohms), allows efficient 
printed circuit board design. 

Figure 2 shows the CY7B9910/9920 connected in series to 
construct a zero-skew clock distribution tree between boards. 
Cascaded clock buffers will accumulate low-frequency jitter be­
cause of the non-ideal filtering characteristics of the PLL filter. It 
is not recommended that more than two clock buffers be con­
nected in series. 

REF JLfL-h-

FB 
SySTEM, ___ ----j REF 
CLOCK FS 

00 
01 

02 
03 

04 
05 

06 
07 

, 

Figure 2. Board-to-Board Clock Distribution 
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Ordering Information 

Accuracy Package Operating 
(ps) Ordering Code Name Package lYPe Range 

250 CY7B991O-2SC S13 24-Lead Small Outline IC Commercial 

CY7B9920-2SC S13 24-Lead Small Outline IC 

500 CY7B991O-5SC S13 24-Lead Small Outline IC Commercial 

CY7B991O-5SI S13 24-Lead Small Outline IC Industrial 

CY7B9920-5SC S13 24-Lead Small Outline IC Commercial 

CY7B9920-5SI S13 24-Lead Small Outline IC Industrial 

750 CY7B991O-7SC S13 24-Lead Small Outline IC Commercial 

CY7B9910-7SI S13 24-Lead Small Outline IC Industrial 

CY7B9920-7SC S13 24-Lead Small Outline IC Commercial 

CY7B9920-7SI S13 24-Lead Small Outline IC Industrial 

Document #: 38-00437-A 
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Quality, Reliability, and Process Flows 

Corporate Views on Quality and Reliability 

Cypress believes in product excellence. Excellence can only be de­
fined by how the users perceive both our product quality and reli­
ability.lfyou, the user, are not satisfied with every device that is 
shipped, then product excellence has not been achieved. 

Product excellence does not occur by following the industry 
norms. It begins by being better than one's competitors, with bet­
ter designs, processes, controls and materials. Therefore, product 
quality and reliability are built into every Cypress product from 
the beginning. 

Some of the techniques used to insure product excellence are the 
following: 

• Product Reliability is built into every product design, starting 
from the initial design conception. 

• Product Quality is built into every step of the manufacturing 
process through stringent inspections of incoming materials 
and conformance checks after critical process steps. 

• Stringent inspections and reliability conformance checks are 
done on finished product to insure the finished product quali­
ty requirements are met. 

• Field data test results are encouraged and tracked so that 
accelerated testing can be correlated to actual use experi­
ences. 

Product Testing Categories 

Three different testing categories are offered by Cypress: 

1. Commercial operating range product: O°C to +70°C. 

2. Industrial operating range product: -40°C to +85°C. 

3. Military SMD (Standard Military Drawing) product processed 
to QML Mil PRF 38535; Military operating range: -55°C to 
+125°C. 
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Miliary Product Assurance 

Cypress under the QML program, uses MIL-STD-883 and 
MIL-PRF-38535 as baseline documents to determine our Test 
Methods, Procedures and General Specifications for 
Semiconductors. 

Cypress's Military components and SMD products are processed 
per MIL-STD-883 using methods 5004 and 5005 to baseline our 
screening and quality conformance procedures. Refer to Tables 
3 -7, for the baseline flows and requirements. The processingper­
formed by Cypress results in a product that meets the class B 
screening requirements as specified by these methods. Every 
device shipped, as a minimum, meets these requirements. 

Commercial Product Assurance 

Cypress is a IS09000 certified supplier. All commercial and indus­
trial temp range products are manufactured using the same 
controlled systems as our QML military product. Tables 1 and 2 
define the 100% screening and conformance inspection for com­
mercial and industrial temp range product. 
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Quality, Reliability, and Process Flows 

Table 1. Cypress Commercial and Industrial Product Screening F1ows-Components 

Product Temperature Ranges 

Commercial O°C to +70°C; 
Industrial -40°C to +8S o C 

Screen MIL·STD·883 Method Plastic Hermetic 

VisuallMechanical 

• Internal Visual 2010 0.4%AQL 100% 

• Hermeticity 
Does Not Apply LTPD = 5 - Fine Leak 1014, Cond A or B (sample) 

- Gross Leak 1014, Cond C Does Not Apply 100% 

Final Electrical Per Device Specification 

• Static (DC), Functional, and 1. At Hot Thmperature and 100% 100% 
Switching (AC) Thsts Power Supply Extremes 

Cypress Quality 
Lot Acceptance 

• External Visual 2009 Note 1 Note 1 

• Final Electrical Conformance Cypress Method 17-00064 Note 1 Note 1 

Table 2. Cypress Commercial and Industrial Product Screening Flows-Modules 

Screen MIL·STD·883 Method 

Final Electrical Per Device Specification 

• Static (DC), Functional, and 1. At 25 ° C and Power 
Switching (AC) Tests Supply Extremes 

2. At Hot Thmperature and 
Power Supply Extremes 

Cypress Quality 
Lot Acceptance 

• External Visual 2009 

• Final Electrical Conformance Cypress Method 17·00064 

Notes: 
1. Lot acceptance testing is performed on every lot. AOQL (the Average 

Outgoing Quality Level) for 1995 was 0 PPM. 
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Product Temperature Ranges 

Commercial O°C to +70°C; 
Industrial -40°C to +85°C 

100% 

100% 

Per Cypress Module Specification 

Note 1 
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Table 3. Cypress QML/JAN/SMD/Military Product Screening Flows for Class B 

Screening Per Product Temperature Ranges -55°C to + 125°C 

Method 5004 of QML/JAN/SMD/Military 
Screen MIL-STD-883 Components l2l Military Modules 

VisuaIJMecbanical 

• Internal Visual Method 2010, Cond B 100% N/A 

• Temperature Cycling Method 1010, Cond C, (10 cycles) 100% 100% 

• Constant Acceleration Method 2001, Cond E (Min.), 100% N/A 
Y1 Orientation Only 

• Hermeticity: 
-Fine Leak Method 1014, Cond A or B 
-Gross Leak Method 1014, Cond C 

Burn-in 

• Pre-Bum-in Electrical Per Applicable Device 
Parameters Specification 

• Burn-in Test Method 1015, Cond D, 
160 Hrs at 125°C Min. or 
80 Hrs at 150°C 

• Post-Bum-in Electrical Per Applicable Device 
Parameters Specification 

• Percent Defective Maximum PDA, for All Lots 
Allowable (PDA) 

Final Electrical Tests 

• Static Tests Method 5005 
Subgroups 1, 2, and 3 

• Functional Tests Method 5005 
Subgroups 7, 8A, and 8B 

• Switching Method 5005 
Subgroups 9, 10, and 11 

Quality Conformance Tests 

• Group A Method 5005, See Table 4 

• GroupB Method 5005, See Table 5 

• Group C[3j Method 5005, See Table 6 

• GroupD[3j Method 5005, See Table 7 

External Visual Method 2009 

Notes: 
2. QML product is allowed a reduction in screening requirements with 

DESC approval per MIL-PRF-38535. 
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100% N/A 
100% 100% 

100% 100% 

100% 100% 
(48 Hours at 125 ° C) 

100% 100% 

5% 5% 

100% Test to 100% Test to 
Applicable Device Applicable 

Specification Specification 

100% Test to 100% Test to 
Applicable Device Applicable 

Specification Specification 

100% Test to 100% Test to 
Applicable Device Applicable 

Specification Specification 

Sample Sample 

Sample Sample 

Sample Sample 

Sample Sample 

100% 100% 

3. Group C and 0 end-point electrical tests for QMUSMD/Military 
Grade products are performed to Group A subgroups 1, 2, 3, 7, 8A, 
8B, 9, 10, 11, or per JAN Slash Sheet. 



Thble 4. Group A Test Descriptions 

Sub-
Sample Size/Accept No. 

group Description Components Modules[4] 

1 Static Tests at 25°C 116/0 116/0 

2 Static Tests at 116/0 116/0 
Maximum Rated 
Operating Thmperature 

3 Static Tests at 116/0 116/0 
Minimum Rated 
Operating Temperature 

4 Dynamic Tests at 25°C 116/0 116/0 

5 Dynamic Thsts at 116/0 116/0 
Maximum Rated 
Operating Thmperature 

6 Dynamic Thsts at 116/0 116/0 
Minimum Rated 
Operating Temperature 

7 Functional Thsts at 25 ° C 116/0 116/0 

8A Functional Tests at 116/0 116/0 
Maximum Temperature 

8B Functional Thsts at 116/0 116/0 
Minimum Thmperature 

9 Switching Tests at 25°C 116/0 116/0 

10 Switching Thsts at 
Maximum Thmperature 

116/0 116/0 

11 Switching Thsts at 
Minimum Thmperature 

116/0 116/0 

Cypress uses an LTPD sampling plan that was developed by the 
Military to assure product qUality. Testing is performed to the sub­
groups found to be appropriate for the particular device type. All 
Military products have a Group A sample test performed on each 
inspection lot per MIL-PRF-38535 or MIL-STD-883 and the 
applicable device specification. 
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Thble 5. Group B Quality lests 

Quantity/Accept # 

Sub-
orLTPD 

group Description Components Modules[4] 

2 Resistance to Solvents, 3/0 3/0 
Method 2015 

3 Solderability, 22/0 3 
Method 2003[5] 

5 Bond Strengt~ 15/0 NA 
Method 2011[ 

~roup ~ test~g is performed for each inspection lot. An inspec­
tion lot IS defmed as a group of material of the same device type, 
package type and lead finish built within a sixweek seal period and 
submitted to Group B testing at the same time. 

Thble 6. Group C Quality lests 

LTPD 
Sub-

group Description Components Modules[4] 

1 Steady State Life Test, 45/0 15/0 
End-Point Electricals, 
Method 1005, Cond D 

Group C tests for all Military Grade products are performed on 
one device type from one inspection lot representing each tech­
nology. Sample tests are performed per MIL-PRF-38535/MIL­
ST~-883 from each four calendar quarters production of devices, 
which is based upon the die fabrication date code. 

End-point electrical tests and parameters are performed per the 
applicable device specification. 



Table 7. Group D Quality Tests (Package Related) 

QuantitylAccept # 

Sub-
orLTPD 

group Description Components Modules[7] 

1 Physical Dimensions, 15/0 15/0 
Method 2016 

2 Lead Integrity, Seal: 45/0[5] 15/0 
Fine and Gross Leak, N/A 
Method 2004 and 1014 for Seal 

3 Thermal Shock, Temp- 15/0 15/0 
Cycling, Moisture N/Afor 
Resistance, Seal: Fine Moisture 
and Gross Leak, Visual Resistance; 
Examination, End- N/Afor 
Point, Electricals, Fine Leak 
Methods 1011, 1010, 
1004, and 1014 

4 Mechanical Shock, 15/0 15/0 
Vibration - Variable N/Afor 
Frequency, Constant Constant 
Acceleration, Seal: Accelera-
Fine and Gross Leak, tion; 
Visual Examination, N/Afor 
End-Point Electricals, Fine Leak 
Methods 2002,2007, 
2001, and 1014 

5 Salt Atmo&here, 15/0 15/0 
Seal: Fine Gross Leak, N/Afor 
Visual Examination, Fine Leak 
Methods 1009 & 1014 

6 Internal Water-Vapor 
Content; 5000 ppm 

3(0) or 5(1) N/A 

maximum @ 100°e. 
Method 1018 

7 Adhesion of Lead 15/0 15/0 
Finish, [8] 
Method 2025 

8 Lid Torque, 
Method 2024[9) 

5(0) N/A 

Group D tests for all Military Grade procedures are performed 
per MIL-PRF-38535IMIL-STD-883 on each package type from 
each six months of production, based on the identification (or 
date) codes. 

End-point electrical tests and parameters are performed per the 
applicable device specification. 

Military Modules 

• Military Thmperature Grade Modules are designated with an 
'M' suffix only. These modules are screened to standard com­
bined flows and tested at both military temperature extremes. 

• MIL-STD-883 Equivalent Modules are processed to pro­
posed JEDEC standard flows for MIL-STD-883 compliant 
modules. All MIL-STD-883 equivalent modules are as­
sembled with fully compliant MIL-STD-883 components. 

Notes: 
4. Military Grade Modules are processed to proposed JEDEC standard 

flows for MIL-STD-883 compliant modules. Alternate Group A 
method as detailed in JC-13-BP-123A. 

5. Sample size is based upon leads taken from a minimum of 3 devices. 
6. Sample size is based upon leads taken from a minimum of 4 devices. 
7. Does not apply to leadless chip carriers. 
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Product Screening Summary Components 

Commercial and Industrial Product 

• Screened per Table 1 product assurance flows 
• Hermetic and molded packages available 

• Incoming mechanical and electrical performance guaranteed: 
- 0.02% AQL Electrical Sample test performed on every lot 

prior to shipment 
- 0.01% AQL External Visual Sample inspection 

• Electrically tested to Cypress data sheet 

Ordering Information 

• Order Standard Cypress part number 
• Parts marked the same as ordered part number 

Ex: CY7C122-15PC, PALC22VlO-25PI 

Military Product 

• SMD and Military components are manufactured in com­
pliance with paragraph 1.2.1 of MIL-STD-883. Compliant 
products are identified by an 'MB' suffix on the part number 
(CY7CI22-25DMB) and the letter "c" 

• QML devices are manufactured in accordance with MIL­
PRF-38535. Compliant products are identified with the letter 
"Q." 

• Military devices electrically tested to: 
- SMD devices are electrically tested to the applicable stan­

dard military drawing specifications 

OR 

- Cypress data sheet specifications 

• All devices supplied in hermetic packages 
• Quality conformance inspection: Method 5005, Groups A, B, 

C, and D performed as part of the standard process flow 

• Burn-in performed on all devices 
- Cypress detailed circuit specification for non-JAN devices 

• Static functional and switching tests performed at 25°C as 
well as temperature and power supply extremes on 100% of 
the product in every lot 

Ordering Information 

SMD Product: 

• Order per military document 
• Marked per military document 

Ex: 5962-8867001LA 

Military Product: 

• Order per Cypress standard military part number 
• Marked the same as ordered part number 

Ex: CY7CI22-25DMB 

8. Based on the number ofleads. 
9. Applies only to packages with glass seals. 



·~PRESS 
Area PROCESS 

QC 

FAB 

FAB 

FAB 

FAB 

FAB 

INCOMING MATERIALS 
INSPECTION 

DIFFUSION/ION 
IMPLANTATION 

OXIDATION 

PHOTOLITHOGRAPHY 
/ETCHING 

METALIZATION 

PASSIVATION 

FAB QC VISUAL OF 
WAFERS 

FAB E-TEST 

FAB QC MONITOR OF 
E-TESTDATA 

TEST WAFER PROBE/SORT 

TEST QC CHECK PROBING 
AND ELECTRICAL 
TEST RESULTS 

Quality, Reliability, and Process Flows 

Product Quality Assurance F1ow-Components 

• Process Details 

All incoming materials are inspected to documented procedures covering the 
handling, inspection, storage, and release of raw materials used in the 
manufacture of Cypress products. Materials inspected are: wafers, masks, 
leadframes, ceramic packages and/or piece parts, molding compounds, gases, 
chemicals, etc. 

Sheet resistance, implant dose, species and CV characteristics are measured 
for all critical implants on every product run. Test wafers may be used to collect 
this data instead of actual production wafers. If this is done, they are processed 
with the standard product prior to collecting specific data. This insures accurate 
correlation between the actual product and the wafers used to monitor 
implantation. 

Sample wafers and sample sites are inspected on each run from various 
positions of the furnace load to inspect for oxide thickness.The integrity of 
critical oxides is monitored at electrical test. 

Appearance of resist is checked by the operator after the spin operation. Also, 
after the film is developed, both dimensions and appearance are checked by 
the operator on a sample of wafers and locations upon each wafer. Final CDs 
and alignment are also sample inspected on several wafers and sites on each 
wafer on every product run. 

Film thickness is monitored on a daily basis. Step coverage cross-sections are 
performed on a periodic basis to insure coverage. 

Film thickness is verified on a sample of wafers and locations on each run. Film 
stress is monitored on a weekly basis. 

Electrical test is performed for final process electrical characteristics on every 
wafer. 

Weekly review of all data trends; running averages, minimUmS, maximums, 
etc. are reviewed with the process control manager. 

Verify functionality, electrical characteristics, stress test devices. 

Pass/fail lot based on yield and correct probe placement. 

TO ASSEMBLY 
AND TEST 

(continued) 
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Quality, Reliability, and Process Flows 

Product Quality Assurance Flow-Components (continued) 
Commercial and Industrial Product 

COMMERCIAL AND INDUSTRIAL PRODUCT 

Wafer Prep/Mount/Saw 
Inspect for accurate sawing of 

scribeline and 100% saw-through 

Die Visual Inspection 
Inspect die per Cypress equivalent to 

MIL-STD-883, Method 2010, condition B, 
only done if gate fails 

QC Visual Lot Acceptance 
Sample inspect die; LTPD 5% 

Die Attach 
Attach per Cypress detailed specification 

QC Process Monitor 
Inspect for die position, quality and uniformity of 
die attach and attachment strength, MIL-STD-883, 

Method 2010, criteria 

Wire Bond 
Bond per Cypress detailed specification 

QC Process Monitor - Wire Bonding 
Monitor bond strength and failure mode 

Internal Visual Inspection 
Low-power (30x) inspection of workmanship 

MIL-STD-883, Method 2010, condition B 

QC Visual Lot Acceptance 
Sample inspect lot to verify workmanship, 
MIL-STD-883, Method 2010, condition B, 

criteria; LTPD 5% 

Die Coat 
Coating applied to selected products 

(continued) 
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Product Quality Assurance FIow-Components (continued) 
Commercial and Industrial Product 

QC Visual Lot Acceptance for Die Coated Products 

HERMETIC 

Mold/Encapsulate Plastic Devices 

Post Mold Cure 

Seal Hermetic Devices 

Periodic QC Monitor, Lid-Torque 
Shear strength of glass-frit seal tested 

to MIL-STD-883, Method 2024 

Per Cypress method for molding compound 

Lead Trim/Form 
Lead trim and form for plastic devices, lead 
trim for hermetic devices (where applicable) 

Lot 10 
Mark assembly lot on devices 

Lead Prep/Finish (Solder Dip) hermetic, 
Solder Plate for Plastic 

Prepare leads for solder dip, solder dip devices 
and inspect for uniform solder coverage 

QC Process Monitor 
Verify workmanship and solder coverage 

Fine and Gross Leak Test 
Method 1014, Cond A or 8; fine leak (sample) 

Method 1014, Cond C; gross leak (100%) 

External Visual Inspection 
Inspect for workmanship, construction, cracked or 
broken devices, bent leads, crazing, castellation 

alignment, and solder coverage. 
MIL-STO-883, Method 2009 

(continued) 
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Product Quality Assurance Flow-Components (continued) 
Commercial and Industrial Product 

Final Electrical Test 
100% test lot; static (DC), functional and switching (AC) 

tests perfomed per applicable device specification 

Final Device Marking 

Final Visual Inspection 
Inspect for bent leads, marking, solder coverage, etc. 

I QC LOT ACCEPTANCE I 
External Visual Sample 

Method 2009; 0.065% AQL 

Electrical Sample Test 
0.02% AQL every lot 

Inspection - Pre-Shipment 
Confirm part type, count, package, check for 

completeness of processing requirements, confirm 
supporting documentation is sent, if required 

Pack/Ship Order 

Key 

o Production Process 

D Test/Inspection 

IQI Production Process and Test Inspection 

<> QC Sample Gate and Inspection 
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Product Quality Assurance F1ow-Components 
Military Components 

MILITARY ASSEMBLY FLOW 

Wafer Prep/Mount/Saw 
Inspect for accurate sawing of scribeline and 100% saw-through 

Die Visual Inspection 
Inspect die per MIL-STD-883, Method 2010, condition B 

QC Visual Lot Acceptance 
Sample inspect die; 1.0% AQL 

Die Attach 
Attach per Cypress detailed specification 

Die Adherence Monitor 
MIL-STD-883, Method 2019 or Method 2027 

Wire Bond 
Bond per Cypress detailed specification 

Bond Pull Monitor 
MIL-STD-883, Method 2011 

Internal Visual Inspection 
Low-power and high-power inspection per 
MIL-STD-883, Method 2010, condition B 

QC Visual Lot Acceptance 
Sample inspect lot per MIL-STD-883, 
Method 2010, condition B, 0.4% AQL 

Die Coat 
Coating applied to selected products 

QCVisual Lot Acceptance for Die Coated Products 

Seal 

Periodic QC Monitor, Lid-Torque 
Shear strength of glass 

(continued) 
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Product Quality Assurance F1ow-Components (continued) 
Military Components 

Temperature Cycle 
Method 1010, Cond C, 10 cycles 

Constant Acceleration 
Method 2001, Cond E, Y1 Orientation 

Lead Trim 
Lead trim when applicable 

Lot ID 
Mark assembly lot on devices 

Lead Finish 
Solder dip or matte tin plate applicable devices and inspect 

QC Process Monitor 
Verify workmanship and lead finish coverage 

External Visual Inspection 
Method 2009 

Pre-Bum-In Electrical Test 
Method 5004, per applicable device speCification 

Burn-In 
Method 1015, condition D 

Post-Bum-In Electricals 
Method 5004, per applicable device specification 

PDA Calculation 
Method 5004, 5% 

Final Electrical Test 
Method 5004; StatiC, functional and switching 
tests per applicable device specification 

(continued) 
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Product Quality Assurance Flow-Components (continued) 
Military Components 

Lead Finish - Solder Dip 
Solder dip applicable devices 

Fine and Gross Leak Test 
Method 1014, condition A or B, fine leak; condition C, gross leak 

Final Device Marking 
MIL-STD-883 or applicable device specification 

Group B 
Method 5005 

Group A 
Method 5005, per applicable device specification 

Group C and D 
Method 5005, in accordance with 
1.2.1 of MIL-STD-883; JAN devices 
in accordance with MIL-PRF-38535 

External Visual 
Method 2009, 100% inspection 

External Visual Sample 
Method 2009, 0.01 % AQL 

Plant Clearance 

Pack/Ship Order 

o 
D 
IQ] 

<> 

Key 

Production Process 

Test/Inspection 

Production Process and Test Inspection 

QC Sample Gate and Inspection 
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1-sided 

Product Quality Assurance Flow-Modules 

Incoming materials 
inspection 

All incoming materials are inspected to documented 
procedures covering the handling, inspection, storage, 
and release of raw materials used in the manufacture of 
Cypress products. Materials inspected are: substrates, 
active device packages, chip capacitors, lead frames, 
solder paste, inks, chemicals, etc. 

Kit Picked 
Compliance verified, documented, 

. and traceability established 

Clean 
Pre-assembly cleaning of components 

Solder Paste Depostion 
Screen printed and/or dispensed per detailed specifiction 

2-sided 

o 
~ 
c) 
C) 

Component Placement 
Robotic and/or manual per detailed specification 

Solder Reflow 
Microprocessor controlled forced convection 

Clean 

Data logging A. .. 
(optional) V' 

AQLvisual 

Flux removal by 
semi-aqueous vapor phase 
per detailed specification 

Double-Sided Assembly 
Repeat process for side 2 

Solder paste deposition 

Component placement 

Solder reflow 

Clean 

100% visual 

2-sided 

o 
~ 
c) 
C) 

1-sided 

... .: ... -<> 100% visual Inspect 100% visual <>- ... ~ ... 
Lead Trim 

Electrical Test 

(Pre-burn-in test) 

(continued) 

8-13 

Boac 100% 



QYPRESS Quality, Reliability, and Process Flows 

Product Quality Assurance Flow-Modules (continued) 

Burn-In 
Method 1015 

QC Monitor - Burn-In Documents! 
Results 

Post-Burn-In Electricals 
Per applicable device specification 

QC Inspection 
PDA verified within limits 

Final Device Marking 

Final Electrical Test 
100% test lot; DC, AC, functional, and dynamic 

tests performed per applicable device specification 

Final Visual Inspection 
Confirm part type, count, package, check for 

completeness of processing requirements, confirm 
supporting documentation is sent, if required 

QA electrical test 
(roomtemperature) 

Inspection - Pre-Shipment 

Pack/Ship Order 

Key 

o Production Process 

D TesVlnspection 

IQ] Production Process and Test Inspection 

<> QC Sample gate and inspection 

8-14 

<>-



Reliability Monitor Program 

The Reliability Monitor Program is a documented Cypress proce­
dure that is described in Cypress specification #25-00008, which is 
available to Cypress customers upon request. This specification 
describes a procedure that provides for periodic reliability moni­
tors to insure that all Cypress products comply with established 
goals for reliability improvement and to minimize reliability risks 
for Cypress customers. The Reliability Monitor Program monitors 
our most advanced technologies and packages. Every technology 
produced at a given fabrication site (Tech. - Fab.) and all assem­
bly houses are monitored at least quarterIy.lffailures occur, de­
tailed failure analyses are performed and corrective actions are 
implemented. Asummary ofthe Reliability Monitor Program test 
and sampling plan is shown below. 

Reliability Monitor Test Conditions 

Thst Abbrev. Temp. (0C) R.H.(%) 

High-Temperature HTOL +125 N/A 
Operating Life 

High-Thmperature Steady-
State Life 

HTSSL +125 N/A 

Data Retention for DRET +165 N/A 
Plastic Packages 

Data Retention for DRET2 +250 N/A 
Ceramic Packages , 

Pressure Cooker PCT +121 100 

Highly Accelerated Stress HAST +140 85 
Thst 

Thmperature Cycling TC -65 to N/A 
+150°C 

Thmperature Extreme TEV Commercial N/A 
Verification Hot & Cold 

o to +70°C 

8-15 

Quality, Reliability, and Process Flows 

Quarterly Reliability Monitor Test Matrix 

Lots Thsted 
Stress Sampling Strategy per Quarter 

HTOL Thchnology-Fab Location 8 

HTSSL Technology-Fab Location 8 

TEV Technology-Fab Location 8 

DRET Technology-Fab Location 2 

HAST Technology-Fab Location 8 

Package-Assembly Location 10 

TC Technology-Fab Location 8 

Package-Assembly Location 12 

PCT Package-Assembly Location 10 

Sample Read Points 
Bias Size LTPD (hrs.) 

5.75V Dynamic 116 2 96,500,1000 

5.75V Static 116 2 96,500,1000 

N/A 76 3 168,1000 

N/A 76 3 168,500 

N/A 76 3 96, 168 

5.5V Static 76 3 128 

N/A 45 5 300, 1000 Cycles 

N/A 116 2 N/A 
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Package Diagrams 

Thin Quad Flat Packs 

32-Lead Plastic Thin Quad Flat Pack (TQFP) Al2 

DIMENSIONS IN MILLIMETERS 
LEAD COPLANARITY 0.080 MAX. 

-(8X) ~l
ll/13' 

, ~ 
~A~t--dJ-;;;:t{;;:;u::;:tj:;:;:tj;;::;:tj;::;tl:::;:H:;:::tj:;::tj;::;=\t~ 
n- ~ 

0.20 MAX. 

0.60±0.15 
1.00 REF. -+---1 

DIM. Al 

1.40±0.05 PKG. THICK 
1.00±0.05 PKG. THICK 

9-1 



IBrcYPRESS 
Package Diagrams 

Thin Quad Flat Packs (continued) 
64-Pin Thin Quad Flat Pack AM 

~":~~:::: ~ DIMENSIONS IN MILLIMETERS 

LEAD CDPLANARITY 0,080 MAX, 

1 

0.50 BSC. 

~E~~~NG~ 
I ____ ,-____________ ~.~--L 

1.60 MAX. t 
0.20 MAX. 

9-2 

R 0,08 MIN, 
0.20 MAX. 
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Package Diagrams 

Thin Quad Flat Packs (continued) 
64-Lead Thin Plastic Quad Flat Pack A65 

0,80 TYP, 

6·±4· 1.40±0,05 

DIMENSIONS IN MILLIMETERS 
LEAD CDPLANARITY 0,100 MAX, 

~~~,"m 
1.60 MAX, l 
IT 017 MAX, 

005 MIN~ i 1[0:: 
015 MAX, ,-J 
STANDOFF 0.60 :~::~ 

80-Pin Thin Plastic Quad Flat Pack A80 

-(8X) ~1
"/13' 

~ -----.l Tt== Jbfi~iJn~nimniniJnunimniniJn~nmn~niniJninimniHiJn~~~~ Al 
0.20 MAX. 

STAND-OFF 

9-3 

DIMENSIONS IN MILLIMETERS 
LEAD COPLANARITY 0.080 MAX. 

1.00 REF. 

DIM. A DIM. Al 

1.60 MAX. 1.40±O.05 PKG. THICK 
1.20 MAX. 1.00±O.05 PKG. THICK 

0.08/0.20 R. 

~ 
~ GAUGE PLANE 

0-7" 

I 



P Cks (continued) d Flat a 
Thin Qua ck (TQFP) AlOO 

. Quad Flat Pa . Plastic Thm lOO-Pm 

kage Diagrams Pac 

rt::::~:: =:J F 160 MAX, l1 020 MAX, 

=rl-

9-4 

0,50 
TYP. 

'" ~ 
~ 
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~;CYPRESS 

Package Diagrams 

Ceramic Dual-In-Line Packages 

16-Lead (300-MiI) CerDIP D2 
MIL-SID-1835 0-2 Config. A 

---. ~l~ . 
. 245 

~O 

CjIN 1 DIMENSIONS IN INCHES 

~~f--~~§ .7~0:5~MIN. --Il--rJ( BASE PLANE 

.155 -785 1--.290--1 

.200 tJ _ . .~~~ 1,·320,1 

r~jt~.··"';"" ~~. ~L ·~tt:~ 065 110 15° 
015 SEA TING PLANE .330 
.020 .390 

28-Lead (600-MiI) CerDIP 016 
MIL-SID-1835 0-10 Config. A 

DIN I O 1 DIMENSIONS IN INCHES 
MIN, 
MAX, 

.505 

.550 

J 
II- ~ .005 MIN. --Il-

-j . d BASE PLANE 

1.450 , .~~~ 

~~~rI490 I .::;~ri i=r 
.125 FITTIi~ ~~I50 .009 \ '200~V IY- MIN. I ,012 ~._ J_ 'jt .090 ~.630~r .045 TID .690 

.065 
.015 
.020 SEATING PLANE 

9-5 

28-Lead (300-Mil) CerDIP D22 
MIL-STO-1835 D-15 Config. A 

I 



Ceramic Dual-In-Line Packages (continued) 

32-Lead (300-MiI) CerDIP D32 

dIN! b;J DIMENSIONS IN INCHES 
--r MIN, 

t MAX, 
.245 

I ~ 
j ,065 ,005 MIN, ---II--

.095 d BASE PLANE 
1.640 

m~· 1.685 ·I:~~ \,~~:~ 

125~~ ~ ~r'50 }fttj{ ,200 JlfnT MIN, -If--~ \ 
T .045 ,090 3· 

jt~~~ SEATING PLANE L .~~~-=:r 

.125 
160 

.065 ,110 W 

28-Lead (600-Mil) Sidebraze DIP D43 

DIMENSIONS IN INCHES 
MIN, 
MAX, 

PIN 1 

,550 
];fO 

:"'-"-"~~~.-.,i~ 
-I L020 ---JL ,005 MIN, 

,080 

~
BASE PLANE 

J..Q.Q. 1.370 ,030 
,200111.430 I ,060 

~~ f==1 :~~~jt -1l- :~?ooT~r~, L:~~~-I-
,015 590 j 
,022 ,620 

SEA TING PLANE 
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~rcYPRESS 
Plastic Leaded Chip Carriers 

28-Lead Plastic Leaded Chip Carrier J64 

PIN 1 

DIMENSIONS IN INCHES MIN, 
MAX, 

rrr --.1 

---,-
~ ~ 0.495 0.055 

M2Q 
0.458 

~~~ 
0.495 

32-Lead Plastic Leaded Chip Carrier J65 

DIMENSIONS IN INCHES MIN, 
MAX, 

0,045 TYP, l~t~~~=:,:,=PI~N~'=TI n 0'045J[jl-=1t 0,025 TYP, 

BO'050 REF, 

I-Mfl 
0.453 
~ 
0.495 

= 0.595 

Q,24Z 
0,553 

0.065 
0,095 
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llliQ 
0,140 

TYP, 

~ 
0.032 

0.490 
0.530 

Package Diagrams 

I 



Plastic Leaded Chip Carriers (continued) 

.Q,12Q 
0,756 

0.950 
0.958 

lJllO: 
1.195 
~ 
1.158 

52-Lead Plastic Leaded Chip Carrier J69 

PIN 1 

DIMENSIONS IN INCHES MIN, 
MAX, 

~J J t 0,020 MIN, 
Q&2Q 
0.130 

0.165 
0.200 

68-Lead Plastic Leaded Chip Carrier J81 

PIN 1 

DIMENSIONS IN INCHES MIN, 
MAX, 

Q&2Q. 
0,930 

84-Lead Plastic Leaded Chip Carrier J83 

PIN 1 

9-8 

DIMENSIONS IN INCHES MIN, 
MAX, 

0.026 
0,032 

~ 
n;::>nn 

0020 MIN, 

JlJl2Q 
0130 

Package Diagrams 



:"rcYPRESS 
Package Diagrams 

Ceramic Leadless Chip Carriers 

BOTTOM 

TOP 

32-Pin Rectangular Leadless Chip Carrier L55 
MIL-STD-1835 C-12 

DIMENSIONS IN INCHES 
MIN. 
MAX. 

.008 R. 

050 

32 PLACES ~ ~ C 
090 

IOlf: -~ 
~mdJ 

.458 

2S·Square Leadless Chip Carrier L64 
MIL-STD-1835 C-4 

DIMENSIONS IN INCHES 
MIN. 

045 
.055 

MAX. 

SIDE 

~
'064 
.078 
.045 
.066 

9-9 

.045 

.055 

52-Square Leadless Chip Carrier L69 

.008 R. 
52 PLACES 

C.740._ 
.761 

1 
T 

DIMENSIONS IN INCHES 
MIN. 
MAX, 

i ~ .086 
.100 
.072 
.088 

t 

I 



Ceramic Leadless Chip Carners (continued) 

,045 
,055 

6S.Square Leadless Chip Carrier LS1 
MIL-STD-1835 C-7 

,008 R, 
68 PLACES 

9-10 

DIMENSIONS IN INCHES 
MIN, 
MAX, 

Package Diagrams 
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"CYPRESS =============~P;ac;;ka~ge~D;;i~ag~r;am;;s 
Plastic Quad Flatpacks 

52-Lead Plastic Quad Flatpack NS2 

N 

lS,:::::.:: ::~J 

9-11 

DIMENSIONS ARE IN MILLIMETERS 

LEAD CDPLANARITY 0,102 MAX, 

I 



QYPRESS 
Package Diagrams 

Plastic Quad Flatpacks (continued) 

SO-Lead Plastic Quad Flatpack N80 

N 

DIMENSIONS ARE IN MILLIMETERS 

LEAD rnPL.ANARITY 0.102 MAX, 

<.,"n~ 
SEATING PLAN \ , ~'~~~OOS 

+ o·-s· J L O,SO±O,IS 

R. 0,20 TYP, 

9-12 
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~_" CYPRESS 

Package Diagrams 

~ 
!lHl! 

Plastic Dual-In-Line Packages 

28-Lead (600-MiI) Molded DIP P15 

PIN 1 

DIMENSIONS IN INCHES MIN, 
MAX, 

r-- 0570 -----1 
Ir- 0625~1 

Mill.W3'MIN 0012 

Q&lQ-------l 
0.685 

28-Lead (300-MiI) Molded DIP P21 

oq~l 
~ 

~o 

I 0.030 
I- 0,080 

1425 

DIMENSIONS IN INCHES Ml!i 
MAX, 

r=--! 
Ir0 325 11 ~

Lm! 

rub 01~0 J 
0160 

r-
QJI.2Q 
0,110 

Mill. i8l\ 3' MIN 
0012+ ~~ 

, .Q.;l)Q , 

f- 0,385 --4 

48-Lead (600-MiI) Molded DIP P25 

PIN 1 

DIMENSIONS IN INCHES MIN, 
MAX 

gffi :rITm~J~l ~~ =r"~f ~ll '"". 
-,--- Jl 0060 I I = I--- Jl&Q9.0.70000 ~ J1Q.2Q 0055.Q.",Q,Q 

0.110 0.020 

9-13 
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1i~YPRESS Package Diagrams 

Plastic Small Outline ICs 

24·Lead (300·MiI) Molded sOle S13 

PIN 1 ID 

~~ ~ 0.105 

0,050 II 0,013 JlJl.Il.:l. 
TYP, -II-- 0,019 0,012 

r- 'ill --l I! 7U~' I~ 0,615 ~l.---1 

9-14 

DIMENSIONS IN INCHES MIN, 
MAX, 

LEAD CDPLANARITY 0,004 MAX, 



1& rcYPRESS 

~ = HYUNDAI DIMENSIONS 

(,mQ = ANAM DIMENSIONS 
(,XXX) 

0.050 
TYP. 

(0.050 
TYP.) 

Package Diagrams 

Plastic Small Outline ICs (continued) 

28·Lead 4S0.Mil (300·Mil Body Width) sOle S22 

0.713 

PIN 1 ID 

0.002 (0.004) 
0.014 (0.010) 

SEATING PLANE 

DIMENSIONS IN INCHES MIN. 
MAX. 

LEAD COPLANARITY 0.004 MAX. 

;/ }l~ 
(0.020) 0.030 J [1 ~ ;~) 
(0.042) 0.050 .. 

28·Lead (300·Mil) Molded SOJ V21 

PIN 1 1D 

.Q,XlQ 
0.350 

I 
DIMENSIONS IN INCHES MIN. 

MAX. 

.Q,§.2Z~ 
r-.-----

~0'007 
0.050 
TYP. 0.025 MIN. 

9-15 

0.013 

~ 
0.272 

I 



~YPRESS 
Ceramic Windowed Dual-In-Line Packages 

2S-Lead (300-MiI) Windowed CerDIP W22 
MIL-STD-1835 D-15 Config. A 

.140 X .300 DR 
,140 X .400 

GLASS LENS PIN 1 D DIMENSIONS IN INCHES 
---. MIN 

245 MAX 

-n-rrrr""~"TT"~~ t ~~~ 005 MIN -II-
715 ~ BASE PLANE 

155 742 1 430 290 

2011" _ _ 148~ 'I ~~~ Ir= 320~ 

Package Diagrams 

~:l~r~ ,,~/~ 
'Jt~! U ~ LU~ ~ L 3'+ .065 T!O 15' 

.Q.Q.. SEATING PLANE 330 

.020 ,390 
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=t: ?cYPRESS 
Ceramic J-Leaded Chip Carriers 

84-Pin Ceramic Leaded Chip Carrier Y84 

PIN 1 

I 
- -- + -- - u;~ U~§ 

E,,~,=fJ 

DIMENSIONS IN INCHES 
MIN. 

.155 
200 

MAX. 

Package Diagrams 

1.158 
1.185 
1.195 SEA TING PLANE 

I 
---+---

I 

-J k.050 
.040 X 45" BSC 

9-17 
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trCYPRESS 
Domestic Direct Sales Offices 
Corporate Headquarters 

Cypress Semiconductor 
3901 N. First Street 
San Jose, CA 95134 
(408) 943-2600 
Telex: 821032 CYPRESS SNJ UD 
TWX: 910 997 0753 
FAX: (408) 943-2741 

IC Designs Division 
12020-113th Ave. N.E. 
Kirkland, WA 98034 
(206) 821-9202 
FAX: (206) 820-8959 

Alabama 
Cypress Semiconductor 
4940B Corporate Drive 
Huntsville, AL 35805 
(205) 721-9500 
FAX: (205) 721-0230 

California 
Northwest Sales Office 
Cypress Semiconductor 
100 Century Center Court 
Suite 340 
San Jose, CA 95112 
(408) 437-2600 
FAX: (408) 437-2699 

Cypress Semiconductor 
2 Venture Plaza, Suite 460 

Irvine, CA 92718 
(714) 753-5800 
FAX: (714) 753-5808 

Cypress Semiconductor 
12526 High Bluff Dr., Ste. 300 
San Diego, CA 92130 
(619) 755-1976 
FAX: (619) 755-1969 

Cypress Semiconductor 
20121 Ventura Blvd. 
Suite 104 
Woodland Hills, CA 91367 
(818) 704-6565 
FAX: (818) 704-6045 

Canada 
Cypress Semiconductor 
701 Evans Avenue 
Suite 312 
Thronto, Ontario M9C 1A3 
(416) 620-7276 
FAX: (416) 620-7279 

Colorado 
Cypress Semiconductor 
4704 Harlan St., Suite 360 
Denver, CO 80212 
(303) 433-4889 
FAX: (303) 433-0398 

Sales Representatives and Distributors 

Florida 
Cypress Semiconductor 
13535 Feather Sound Drive 
Suite 130 
Oearwater, FL 34622 
(813) 968-1504 

Cypress Semiconductor 
255 South Orange Avenue 
Suite 1255 
Orlando, FL 32801 
(407) 422-0734 
FAX: (407) 422-1976 

Cypress Semiconductor 
1000 W. McNab Road 
Pompano Beach, FL 33069 
(954) 943-9295 
FAX: (954) 943-4057 

Georgia 
Cypress Semiconductor 
1080 Holcomb Bridge Rd. 
Building 200, Ste. 265 
Roswell, GA 30076 
(770) 998-0491 
FAX (770) 998-2172 

Illinois 
Cypress Semiconductor 
1530 E. Dundee Rd., Ste. 190 
Palatine, IL 60067 
(847) 934-3144 
FAX: (847) 934-7364 

Maryland 
Cypress Semiconductor 
8850 Stanford Blvd., Suite 1600 
Columbia, MD 21045 
(410) 312-2911 
FAX: (410) 290-1808 

Minnesota 
Cypress Semiconductor 
14525 Hwy. 7, Ste. 360 
Minnetonka, MN 55345 
(612) 935-7747 
FAX: (612) 935-6982 

New Hampshire 
Cypress Semiconductor 
61 Spit Brook Road, Ste. 550 
Nashua, NH 03060 
(603) 891-2655 
FAX: (603) 891-2676 

New Jersey 
Cypress Semiconductor 
100 Metro Park South 
3rdFloor 
Laurence Harbor, NJ 08878 
(908) 583-9008 
FAX (908) 583-8810 

New York 
Cypress Semiconductor 
22 IBM Road 
Suite 103B 
Poughkeepsie, NY 1260 
(914) 463-3218 
FAX: (914) 463-3220 

North Carolina 
Cypress Semiconductor 
7500 Six Forks Rd., Suite G 
Raleigh, NC 27615 
(919) 870-0880 
FAX: (919) 870-0881 

Oregon 
Cypress Semiconductor 
8196 S.w. Hall Blvd. Suite 100 
Beaverton, OR 97005 
(503) 626-6622 
FAX: (503) 626-6688 

Pennsylvania 
Cypress Semiconductor 
Tho Neshaminy Interplex, Ste. 206 
'frevose, PA 19053 
(215) 639 - 6663 
FAX: (215) 639-9024 

Texas 
Cypress Semiconductor 
101 W. Renner Rd, Suite 155 
Richardson, TX 75082 - 2002 
(214) 437-0496 
FAX: (214) 644-4839 

Cypress Semiconductor 
8834 Capital of Texas Highway North 
Suite 220 
Austin, TX 78759 
(512) 418-4205 
FAX: (512) 418-4201 

Cypress Semiconductor 
20405 SH 249, Ste. 215 
Houston, TX 77070 
(713) 370-0221 
FAX: (713) 370-0222 
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Domestic Sales Representatives 
Alabama 

Giesting & Associates 
4835 University Square 
Suite 15 
Huntsville, AL 35816 
(205) 830-4554 
FAX: (205) 830-4699 

Arizona 
Thorn Luke Sales, Inc. 
9700 North 91st St., Suite A-200 
Scottsdale, AZ 85258 
(602) 451-5400 
FAX: (602) 451-0172 

California 
TAARCOM 
451 N. Shoreline Blvd. 
Mountain View, CA 94043 
(415) 960-1550 
FAX: (415) 960-1999 

TAARCOM 
735 Sunrise Ave., Suite 200-4 
Roseville, CA 95661 
(916) 782-1776 
FAX: (916) 782-1786 

Technology Solutions Company 
5525 Oakdale Ave., Suite 275 
Woodland Hills, CA 91364 
(818) 704-1693 
FAX: (818) 704-6165 

Technology Solutions Company 
10 Hughes, Suite AZ01 
Irvine, CA 92718 
(714) 707-4565 
FAX: (714) 707-4510 

Canada 
bbd Electronics, Inc. 
6685 -1 Millcreek Dr. 
Mississauga, Ontario LSN 5M5 
(905) 821-7800 
FAX: (905) 821-4541 

bbd Electronics, Inc. 
298 Lakeshore Rd., Ste. 203 
Pointe Claire, Quebec H9S 4 L3 
(514) 697-0801 
FAX: (514) 697-0277 

bbd Electronics, Inc. - Ottawa 
(613) 564-0014 
FAX: (416) 821-4092 

bbd Electronics, Inc. - Winnipeg 
(204) 942-2977 
FAX: (416) 821-4092 

Western Canada 
Microwe Electronics Corporation 
Site #7, Box 40 R.R.1 
Dewinton, Alberta, Canada TOL OXO 
(403) 254-4180 
FAX: (403) 256-0942 

Colorado 
Lange Sales 
1500 W. Canal Court, Bldg. A 
Suite 100 
Littleton, CO 80120 
(303) 795 - 3600 
FAX: (303) 795-0373 

Georgia 
Giesting & Associates 
2434 Highway 120 
Suite 108 
Duluth, GA 30155 
(770) 476-0025 
FAX: (770) 476-2405 

Idaho 
Sierra Technical Sales 
10378 Fairview 
Suite 246 
Boise, ID 83704 
(208) 378-8981 
FAX: (208) 378-0228 

Illinois 
Micro Sales Inc. 
901 W. Hawthorn Drive 
Itasca, IL 60143 
(708) 285 -1000 
FAX: (708) 285 -1008 

Indiana 
Technology Mktg. Corp. 
1526 East Greyhound Pass 
Carmel, IN 46032 
(317) 844-8462 
FAX: (317) 573-5472 

Thchnology Mktg. Corp. 
4630-10 W. Jefferson Blvd. 
Ft. Wayne, IN 46804 
(219) 432-5553 
FAX: (219) 432-5555 

Technology Marketing Corp. 
1214 Appletree Lane 
Kokomo, IN 46902 
(317) 459-5152 
FAX: (317) 457-3822 

Iowa 
Midwest Thchnical Sales 
463 Northland Ave., N.E. 
Suite 101 
Cedar Rapids, IA 52402 
(319) 377-1688 
FAX: (319) 377-2029 

Kansas 
Midwest Technical Sales 
13 Woodland Dr. 
Augusta, KS 67010 
(316) 775-2565 
FAX: (316) 775-3577 

Midwest Technical Sales 
10,000 College Blvd. 
Suite 240 
Overland Park, KS 66210 
(913) 338-2400 
FAX: (913) 338-0404 

Kentucky 
Technology Marketing Corp. 
100 nade Street, Suite 1A 
Lexington, KY 40510-1007 
(606) 253 -1808 
FAX: (606) 253-1662 

Maryland 
ni-Mark, Inc. 
1410 Crain Highway, N.W. 
Suite 4B 
Glen Burnie, MD 21061 
(410) 761-6000 
FAX: (410) 761-6006 

Massachusetts 
The Nashoba Group 
321 Billerica Rd. 
Chelmsford, MA 01824 
(508) 256-9900 
FAX: (508) 256-1142 

Mexico 
Ciber Electronica, S.A. de C. V. 
Prolongacion Arbol No. 33 
Col. Chapalita Sur 
45000 Guadalajara, Jal. 
Mexico 
Tel: (52) 3-647-5217 
Tel: (52) 3-647-1998 
FAX: (52) 3-121-3331 

Ciber Electronica, S.A. de C. V. 
Monrovia No. 410 
Col. Portales 
03300 Mexico, D.E 
Thl & FAX: (52) 5-539-7832 

Ciber Electronica, S.A. de C. V. 
Missouri No. 202 aTE. 
Col. del Valle 
66220 Garza Garcia, N .L. 
Mexico 
Tel & FAX: (52) 8-356-842 

Michigan 
Thchrep 
2200 North Canton Center Rd. 
Suite 110 
Canton, MI 48187 
(313) 981-1950 
FAX: (313) 981-2006 

Minnesota 
Matrix Marketing, Inc. 
5001 West 80th Street, Suite 375 
Bloomington, MN 55437 
(612) 835-6977 
FAX: (612) 835-6822 

Missouri 
Midwest Technical Sales 
4203 Earth City Expwy., #149 
Earth City, MO 63045 
(314) 298-8787 
FAX: (314) 298-9843 

Nevada 
TAARCOM 
735 Sunrise Ave. 
Suite 200-4 
Roseville, CA 95661 
(916)782-1776 
FAX: (916) 782-1786 
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Domestic Sales Representatives (continued) 

New Jersey 
GroupThc 
111 Howard Blvd. 
Suite 212 
Mt. Arlington, NJ 07856 
(201) 398-1200 
FAX: (201) 398-3344 

New Mexico 
Thom Luke Sales 
(719) 661-8795 
FAX: (602) 451-0172 

New York 
Reagan/Compar 
815 Montrose Thrnpike 
Owego, NY 13827 
(716) 271-2230 
FAX: (716) 381-2840 

Reagan/Compar 
44 Riverferry Way 
Rochester, NY 14608 
(716) 454-3350 
FAX: (716) 454-4230 

Reagan/Compar 
532 Benton Street 
Rochester, NY 14620 
(716) 473-6070 
FAX: (716) 473-6075 

Reagan/Compar 
3301 Country Club Road 
Ste.2211 
P.O. Box 135 
Endwell, NY 13760 
(607) 754-2171 
FAX: (607) 754-4270 

North Carolina 
Quantum Marketing 
6604 Six Forks Rd., Ste. 102 
Raleigh, NC 27615 
(919) 846-5728 
FAX: (919) 847-8271 

Quantum Marketing 
4801 E. Independent Blvd. 
Ste.1000 
Charlotte, NC 28212 
(704) 536-8558 
FAX: (704) 536-8768 

Ohio 
KW Electronic Sales, Inc. 
8514 North Main Street 
Dayton, OH 45415 
(513) 890-2150 
FAX: (513) 890-5408 

KW Electronic Sales, Inc. 
3645 Warrensville Center Rd. #244 
Shaker Heights, OH 44122 
(216) 491-9177 
FAX: (216) 491-9102 

Oregon 
Northwest Marketing Associates 
4905 SW Griffith Drive 
Suite 106 
Beaverton, OR 97005 
(503) 644-4840 
FAX: (503) 644-9519 

Pennsylvania 
KW Electronic Sales, Inc. 
4068 Mt. Royal Blvd., Ste. 110 
Allison Park, PA 15101 
(412) 492-0777 
FAX: (412) 492-0780 

Omega Electronic Sales, Inc. 
Four Neshaminy Interplex, Ste. 101 
nevose, PA 19053 
(215) 244-4000 
FAX: 244-4104 

Puerto Rico 
Electronic Thchnical Sales 
P.O. Box 10758 
Caparra Heights Station 
San Juan, P.R. 00922 
(809) 781-1313 
FAX: (809) 781-2020 

Tenessee 
Giesting & Associates 
475 Arrowhead Springs Lane 
Versailles, KY 40383 
(606) 873 - 2330 

Utah 
Sierra Thchnical Sales 
1192 E. Draper Parkway 
Suite 103 
Draper, UT 84020 
(801) 571-8195 
FAX: (801) 571-8194 

Washington 
Northwest Marketing Associates 
12835 Bellevue-Redmond, Ste. 330N 
Bellevue, WA 98005 
(206) 455-5846 
FAX: (206) 451-1130 

Wisconsin 
Micro Sales Inc. 
210 Regency Court 
Suite 100 
Brookfield, WI 53045 
(414) 786-1403 
FAX: (414) 786-1813 



Sales Representatives and Distributors 

International Direct Sales Offices 
Cypress Semiconductor 
International-Europe 
Avenue Ernest Solvay, 7 
B-1310 La Hulpe, Belgium 
Thl: (32) 2-652-0270 
Thlex: 64677 CYPINT B 
FAX: (32) 2-652-1504 

Cypress Benelux 
Heilig Hartstraat 14 
2600 Berchem - Antwerpen 
Belgium 
Thl: (32) 3-230-80-55 
FAX: (32) 3-230-98-51 

France 
Cypress Semiconductor France 
Miniparc Bat. no 8 
Avenue des Andes, 6 
Z.A. de Courtaboeuf 
91952 Les Vlis Cedex, France 
Tel: (33) 1-69-29-88-90 
FAX: (33) 1-69-07-55-71 

Germany 
Cypress Semiconductor GmbH 
Muenchner Str. 15A 
85604, Zorneding, Germany 
Tel: (49) 81-06-2855 
FAX: (49) 81-06-20087 

Italy 
Cypress Semiconductor Italy 
Interporto di Thrino 
Prima Strada n. 5IB 
10043 Orbassano (TO), Italy 
Thl: (39) 11-397-57-57 
FAX: (39) 11-397-58-10 

Italy (continued) 
Cypress Semiconductor 
Via Gallarana 4 
20052 Monza, Milano, Italy 
Thl: (39) 202-7099 
FAX: (39) 202-7101 

Japan 
Cypress Semiconductor Japan KK 
Shinjuku·Marune Bldg. 
1-23 -1 Shinjuku 
Shinjuku·ku, Tokyo, Japan 160 
Tel: (81) 3-5269-0781 
FAX: (81) 3-5269-0788 

Cypress Semiconductor Japan KK­
Osaka Sales Office 
Sanmoto Bldg. 4F 
4-2-18 Minamihonmachi 
Chyuo·ku, Osaka, 541 Japan 
Tel: (81) 6-241-4774 
FAX: (81) 6-241-4940 

Singapore 
Cypress Semiconductor Singapore 
583 Orchard Road, #11-03 Forum 
Singapore 0923 
Tel: (65) 735-0338 
FAX: (65) 735-0228 

International Sales Representatives 
Australia 

Braemac Pty. Ltd. 
1/59-61 Burrows Road 
Alexandria, Sydney 2015, Australia 
Thl: (61) 2-550-6600 
FAX: (61) 2-550-6377 

Braemac Pty. Ltd. 
6/417 Ferntree Gully Rd. 
Mt. Waverly, Victoria 3149, Australia 
Thl: (61) 3-540-0100 
FAX: (61) 3-540-0122 

Braemac Pty. Ltd. 
300 Gilles Street 
Adelaide, SA 5000, Australia 
Tel: (61) 8-232-5550 
FAX: (61) 8-232-5551 

Braemac Pty Ltd. 
345 Harborne Street 
Herdsman w.A. 6017, Australia 
Tel: (61) 9-443-5122 
FAX: (61) 9-443-5262 

Austria 
Eurodis Electronics GmbH 
Lamenzanstrasse 10 
1232 Wien, Austria 
Thl: (43) 1-610-62-128 
FAX: (43) 1-610-62-151 

Belgium 
N.V. Memec Benelux 
Sint·Lambertusstraat 135 
1200 Brussels, Belgium 
Tel: (32) 2-778-9850 
FAX: (32) 2-778-9858 

Sonetech/ Arcobel 
Limburgstirumlaan 243, B-2 
1780 Wemmel, Belgium 
Tel: (32) 2-460-0707 
FAX: (32) 2-460-1200 

Denmark 
Tech·Partner NS 
Tomsagervej 18 
8230 Aabyhoj (Aarhus) 
Denmark 
Tel: (45) 87 -46-1600 
FAX: (45) 87-46-1616 

Tharn Tech 
Bygstubben 3 
2950 Vedbaek, Denmark 
Tel: (45) 45-66-25-00 
FAX: (45) 45-66-02-44 

Sweden 
Cypress Semiconductor Scandinavia AB 
Marknadsvagen 15 
Box 1114 
S-18311 Thby, Sweden 
Tel: (46) 8 638 0100 
FAX: (46) 8 792 1560 

Taiwan, R.O.C. 
Cypress Semiconductor Taiwan 
11F, RM 1102, No. 333 
Section 1, Keelung Rd., 
Thipei, Taiwan, R.O.c. 
Thl: (886) 2-757 -6898 
FAX: (886) 2-757-6892 

United Kingdom 
Cypress Semiconductor U.K, Ltd. 
Gate House 
Fretherne Road 
Welwyn Garden City 
Herts., V.K. ALB 6NS 
Tel: (44) 707-33-88-88 
FAX: (44) 707-33-88-11 

Cypress Semiconductor Manchester 
27 Saville Rd. Cheadle 
Gatley, Cheshire, V.K 
Thl: (44) 614-28-22-08 
FAX: (44) 614-28-0746 

Finland 
ScandComp Finland OY 
Asemakuja 2 A 
02 770 Espoo, Finland 
Tel: (358) 0 61352695 
FAX: (358) 0 61352620 

France 
Arrow Electronics 
73/79, Rue des Solets 
Silic 585 
94653 Rungis Cedex 
Tel: (33) 1 49 78 49 78 
FAX: (33) 1 49 78 05 96 

Newtek 
Rue de I;Esterel, 8, Silic 583 
94663 Rungis Cedex, France 
Tel: (33) 1-46-87-22-00 
FAX: (33) 1-46-87-80-49 

Scaib,SA 
6 Rue Ambroise Croizat 
91127 Palaiseau Cedex, France 
Tel: (33) 1-69-19-89-00 
FAX: (33) 1-69-19-89-20 
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International Sales Representatives (continued) 

Germany 
AktiveRep Electronic GmbH 
Kennedy Strasse 5 
75438 Knittlingen, Germany 
Thl: (49) 70-43-94 0012 
FAX: (40) 70-43-334 92 

AktiveRep Electronic GmbH 
Obenitterstr. 21 
42719 Solingen, Germany 
Tel: (49) 212-230-4046 
FAX: (49) 212-230-4023 

CED Ditronic GmbH 
Julius-Hoelder Str. 42 
70597 Stuttgart, Germany 
Thl: (49) 711-72001-0 
FAX: (49) 711-7289780 

CED Ditronic GmbH 
30539 Hannover, Germany 
Tel: (49) 511-8764-0 
FAX: (49) 511-8764-160 

CED Ditronic GmbH 
85551 Kirchheim, Germany 
Tel: (49) 89-903 8551 
FAX: (49) 89-903 0944 

Metronik GmbH 
Leonhardsweg 2 
82008 Unterhaching, Germany 
Thl: (49) 89-61108-0 
FAX: (49) 89-6116468 

Metronik GmbH 
16548 Glienicke, Germany 
Thl: (49) 3305-68450 
FAX: (49) 3305-684550 

Metronik GmbH 
44319 Dortmund, Germany 
Thl: (49) 231-9271100 
FAX: (49) 231-92711099 

Metronik GmbH 
69221 Dossenhem, Germany 
Thl: (49) 6221-87044 
FAX: (49) 6221-87046 

Metronik GmbH 
04207 Leipzig, Germany 
Tel: (49) 341-4239413 
FAX: (49) 341-4239424 

Metronik GmbH 
25451 Quickbom, Germany 
Tel: (49) 41-06-77 30 50 
FAX: (49) 41-06-77 30 52 

Metronik GmbH 
70597 Stuttgart, Germany 
Thl: (49) 711-764033 
FAX: (49) 711-7655181 

Metronik GmbH 
65205 Wiesbaden, Germany 
Thl: (49) 611-973840 
FAX: (49) 611-9738418 

SASCOGmbH 
Hermann-Oberth-Strasse 16 
85640 Putzbrunn, Germany 
Thl: (49) 89-4611-211 
FAX: (49) 89-4611-271 

Germany (continued) 
SASCOGmbH 
10553 Berlin, Germany 
Tel: (49) 30-349-9240 
FAX: (49) 30-349-52 36 

SASCOGmbH 
44149 Dortmund, Germany 
Thl: (49) 231-1797 91 
FAX: (49) 231-17 29 91 

SASCOGmbH 
60599 Frankfurt, Germany 
Thl: (49) 69-9613640 
FAX: (49) 69-6188 24 

SASCOGmbH 
22850 Norderstedt, Germany 
Thl: (49) 40-52-87460 
FAX: (49) 40-52-874622 

SASCOGmbH 
70184 Stuttgart, Germany 
Tel: (49) 711-21 0710 
FAX: (49) 711-23 39 63 

SASCOGmbH 
79224 Umkirch bei Freiburg 
Germany 
Tel: (49) 7665-70 18 
FAX: (49) 7665-8778 

Hong Kong 
Tekcomp Electronics, Ltd. 
Rm. 913-914 Bank Centre 
636, Nathan Road, Mongkok 
Knwloon, Hong Kong 
Tel: (852) 2-710-8121 
Thlex: 38513 TEKHL 
FAX: (852) 2-710-9220 

India 
Spectra Innovations Inc. 
Manipal Centre, Unit No. S-822 
47, Dickenson Rd. 
Bangalore-560,042 
Karnataka, India 
Tel: (91) 80-558-8323/3977 
FAX: (91) 80-558-6872 

Israel 
ThIviton Electronics 
p.o. Box 21104 
11 Halgilgal Street 
52167 Ramat Gan 
Thl: (972) 3-5799457 
Thlex: 33400 VITKO 
FAX: (972) 3-6183996 

Italy 
Silverstar Ltd. SPA 
Viale Fulvio Thsti, 280 
20126 Milano, Italy 
Thl: (39) 2 661251 
FAX: (39) 2 66101359 

Italy (continued) 
CEDItaly 
Via Volta 54 
20090 Cusago (MI) 
Italy 
Thl: (39) 2 903361 
FAX: (39) 2 90390757 

ECC Electronica S.P.A. 
Via C. Goldoni 29 
20090 Trezzano SuI NavigIo (Milano) 
Italy 
Tel: (39) 2 48401547 
FAX: (39) 248401599 

Japan 
Thmen Electronics Corp. 
2-1-1 Uchisaiwai-cho, Chiyoda-ku 
Thkyo, 100 Japan 
Thl: (81) 3-3506-3673 
Telex: 23548 TMELCA 
FAX: (81) 3-3506-3497 

Fuji Electronics Co., Ltd. 
Ochanomizu Center Bldg. 
3-2-12 Hongo, Bunkyo-ku 
Tokyo, 113 Japan 
Tel: (81) 3-3814-1416 
Thlex: J28603 FUJITRON 
FAX: (81) 3-3814-1414 

Ryoyo Electro Corporation 
Konwa Bldg., 1-12-22 'Thukiji, 
Chuo-ku, Tokyo 104 Japan 
Thl: (81) 3-3546-5088 
FAX: (81) 3-3546-5044 

Korea 
Logicom Inc. 
5th Hoor, Haesung Bldg. 
2-46 Yangjae-Dong 
Seocho-ku 
Seoul, Korea 137-131 
Tel: (82) 2-575-3211 
FAX: (82) 2-576-7040 

Netherlands 
Memec Benelux B. Y. 
Insulindelaan 134 
5613 BT Eindhoven 
The Netherlands 
Tel: (31) 40265-9399 
FAX: (31) 40 265-9393 

Sonetec Nederland B.Y. 
Gulberg 33 
5674 TE Nuenen 
The Netherlands 
Thl: (31) 40-2-635-635 
FAX: (31) 40-2-832-300 

Norway 
Acte Nc Norway AS 
Vestvollveien 10 
2020 Skedsmokorset 
Norway 
Thl: (47) 638 98969 
FAX: (47) 638 98979 
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International Sales Representatives (continued) 

Portugal 
AID Electronica S.A. 
Avenida das Laranjeiras, Lote 20 
2720 Alfragide (Lisboa) 
Portugal 
Tel: (351) 1-4714182 
FAX: (351) 1-4715886 

SELCO 
En 107, N 743 Aguas Santas 
4445 Ennensinde (Portugal) 
Tel: (351) 2-9736957 
FAX: (351) 2-9736958 

Singapore 
Electec PTE Ltd. 
Block 50, Kallang Bahru 
#04-21, Singapore 1233 
Thl: (65) 294-8389 
FAX: (65) 294-7623 

South Mrica 
Electronic Bldg. Elements 
P.O. Box 912-1222 
Silverton 0127 
178 Erasmus St., Meyers Park 
Pretoria 0184, South Africa 
Tel: (27) 12803-8294 
FAX: (27) 12 803 - 7680 

Spain 
ATD Electronica S.A 
Albasanz,75 
28037 Madrid, Spain 
Thl: (34) 1-304-1534 
FAX: (34) 1-327-2778 

AID Electronica S.A 
Conchita Suprevia 9 
08028 Barcelona, Spain 
Thl: (34) 3-4907344 
FAX: (34) 3 - 4901723 

SELCO , 
Clra. de La Comna, Km 18.200 
28230 Las Rozas (Madrid), Spain 
Tel: (34) 1-637-1333 
FAX: (34) 1-637-5114 

Sweden 
ScandComp Sweden AB 
Box 8303 Domnarvsgatan 33 
16308 Spanga 
Sweden 
Tel: (46) 8-761-73-00 
FAX: (46) 8-760-46-69 

Switzerland 
BasixAG. 
Hardturmstrasse 181 
8010 Zurich, Switzerland 
Tel: (41) 1-276-11-11 
FAX: (41) 1-276-14-48 

Taiwan R.O.C. 
Prospect Thchnology Corp. 
5F, No. 348, Section 7 
Cheng-Teh Rd. 
Thipei, Taiwan 
Tel: (886) 2-820-5353 
Thlex: 14391 PROSTECH 
FAX: (886) 2-820-5731 

Thrkey 
Inter Electronik Sanavi ve Ticaret AS. 
Kadlkoy Hasircibasi Caddesi no. 55 
81310 Istanbul 
Turkey 
Tel: (90) 216 349-94-00 
Thlex: 29245 Inmd tr 
FAX: (90) 216 349-94-30 

United Kingdom 
2001 Electronic Components Ltd. 
Stevenage Business Park 
Pin Green 
Stevenage, Herts 
SG14SUU. K. 

Ambar Components Ltd. 
17 Thame Park Road 
Thame, Oxfordshire 
England, OX9 3XD 
Tel: (44) 1844-26-11-44 
Telex: 837427 
FAX: (44) 1844-26-17-89 

Arrow Electronics (UK) Ltd. 
St. Martins Business Centre 
Cambridge Road 
Bedford MK42 OLF, UK. 
Tel: (44) 1234 270027 
FAX: (44) 1234791579 

Pronto Electronic System Ltd. 
City Gate House 
Eastern Avenue, 399-425 
Gants Hill, Ilford, 
Essex, U K. IG2 6LR 
Tel: (44) 181-5546222 
FAX: (44) 181-5183222 

Spectrum 
2 Grange Mews 
Station Road 
Launton 
Bicester 
Oxon, UK. OX60DX 
Tel: (44) 1-869-325-174 
FAX: (44) 1-869-325-175 
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Distributors 
Anthem Electronics, Inc.: 
Huntsville, AL 35805 
(205) 890-0302 

Tempe, AZ 85281 
(602) 966-6600 

Chatsworth, CA 91311 
(818) 775-1333 

Irvine, CA 92718 
(714) 768-4444 

Rocklin, CA 95677 
(916) 624-9744 

San Jose, CA 95131 
(408) 453-1200 

San Diego, CA 92121 
(619) 453-9005 

Englewood, CO 80112 
(303) 790-4500 

Waterbury, CT 06705 
(203) 575 -1575 

Altamonte Springs, FL 32701 
(407) 831-0007 

Fort Lauderdale, FL 33309 
(305) 484-0990 

Duluth, GA 30136 
(404) 931-3900 

Schaumburg, IL 60173 
(708) 884 - 0200 

Wilmington, MA 01887 
(508) 657-5170 

Columbia, MD 21046 
(301) 995-6640 

Eden Prairie, MN 55344 
(612) 944-5454 

Pine Brook, NJ 07058 
(201) 227-7960 

Commack, NY 11725 
(516) 864-6600 

Raleigh, NC 27604 
(919) 871-6200 

Beaverton, OR 97005 
(503) 643-1114 

Horsham, PA 19044 
(215) 443-5150 

Austin, TX 78728 
(512) 388-0049 

Richardson, TX 75081 
(214) 238-7100 

Salt Lake City, UT 84119 
(801) 973-8555 

Bothel, WA 98011 
(206) 483 -1700 

Arrow Electronics: 
Alabama 
Huntsville, AL 35816 
(205) 837-6955 

Arizona 
Thmpe, AZ 85282 
(602) 431-0030 

California 
Calabasas, CA 91302 
(818) 880-9686 

Irvine, CA 92718 
(714) 587-0404 

San Diego, CA 92123 
(619) 565-4800 

San Jose, CA 95131 
(408) 441-9700 

San Jose, CA 95134 

Canada 
Mississauga, Ontario LST lMA 
(416) 670-7769 

Dorval, Quebec H9P 2T5 
(514) 421-7411 

Neapean, Ontario K2E 7W5 
(613) 226-6903 

Quebec City, Quebec G2E 5RN 
(418) 871-7500 

Burnaby, British Columbia V5A 4T8 
(604) 421-2333 

Colorado 
Englewood, CO 80112 
(303) 799-0258 

Connecticut 
Wallingford, CT 06492 
(203) 265-7741 

Florida 
Deerfield Beach, FL 33441 
(305) 429-8200 

Lake Mary, FL 32746 
(407) 333-9300 

Georgia 
Deluth, GA 30071 
(404) 497 -1300 

Illinois 
Itasca, IL 60143 
(708) 250-0500 

Indiana 
Indianapolis, IN 46268 
(317) 299-2071 

Kansas 
Lenexa, KS 66214 
(913) 541-9542 

Maryland 
Columbia, MD 21046 
(410) 596-7800 

Gathersburg, ~.1D 
(301) 596-7800 

Arrow Electronics: (cont.) 
Massachusetts 
Wilmington, MA 01887 
(617) 658-0900 

Michigan 
Livonia, MI 48152 
(313) 462-2290 

Minnesota 
Eden Prairie, MS 55344 
(612) 941-5280 

Missouri 
St. Louis, MO 63146 
(314) 567-6888 

New Jersey 
Marlton, NJ 08053 
(609) 596-8000 

Pinebrook, NJ 07058 
(201) 227-7880 

New York 
Rochester, NY 14623 
(716) 427-0300 

Hauppauge, NY 11788 
(516) 231-1000 

North Carolina 
Raleigh, NC 27604 
(919) 876-3132 

Ohio 
Centerville, OH 45458 
(513) 435-5563 

Solon, OH 44139 
(216) 248-3990 

Oklahoma 
Thlsa, OK 74146 
(918) 252-7537 

Oregon 
Beaverton, OR 97006-7312 
(503) 629-8090 

Pennsylvania 
Pittsburgh, PA 15238 
(412) 963-6807 

Texas 
Austin, TX 78758 
(512) 835-4180 

Carrollton, TX 75006 
(214) 380-6464 

Houston, TX 77099 
(713) 530-4700 

Washington 
Bellevue, WA 98007 
(206) 643-9992 

Wisconsin 
Brookfield, WI 53045 
(414) 792-0150 
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Distributors (continued) 

axis:components 
Corporate Headquarters 
SanDiego, CA 92121 
(619) 677-7950 
(800) 556-0225 

Irvine, CA 92714 
(714) 442-8325 

Westlake Village, CA 91362 
(818) 706-0166 

Sunnyvale, CA 94086 
(408) 522-9599 

Westminster, CO 80234 
(303) 469-8186 

Bell Microproducts: 
Irvine, CA 92718 
(714) 470-2900 

San Jose, CA 94131 
(408) 451-9400 

Altamonte Springs, FL 32714 
(407) 682 - 1199 

Deerfield Beach, FL 33441 
(305) 429-1001 

Billerica, MA 01882 
(508) 667-2400 

Columbia, MD 21045 
(410) 720-5100 

Edina, MN 55435 
(612) 933-3236 

Clifton, NJ 07013 
(201) 777-4100 

Smithtown, NY 11787 
(516) 543-2000 

Ambler, PA 19002 
(215) 540-4148 

Austin, TX 78759 
(512) 258-0725 

Richardson, TX 75081 
(214) 783-4191 

Chantilly, VA 22021 
(703) 803 -1020 

Redmond, WA 98052 
(206) 861-7510 

Marshall Industries: 
Alabama 
Huntsville, AL 35801 
(205) 881-9235 

Arizona 
Phoenix, AZ 85044 
(602) 496-0290 

California 
Marshall Industries, Corp_ Headquarters 
El Monte, CA 91731-3004 
(818) 307-6000 

Irvine, CA 92718 
(714) 458-5301 

Calabasas, CA 91302 
(818) 878-7000 

Rancho Cordova, CA 95670 
(916) 635 - 9700 
San Diego, CA 92123 
(619) 627-4140 
Milpitas, CA 95035 
(408) 942-4600 

Canada 
Mississauga, Ontario L4V lX5 
(416) 458-8046 
Pointe Claire, Quebec H9R 5P9 
(514) 694-8142 

Colorado 
Colorado Springs, CO 80915 
(719) 573-0904 

Thornton, CO 80241 
(303) 451-8383 

Connecticut 
Wallingford, CT 06492-0200 
(203) 265-3822 

Florida 
Ft. Lauderdale, FL 33309 
(305) 977 -4880 

Florida (continued) 
Altamonte Springs, FL 32701 
(407) 767 -8585 

St. Petersburg, FL 33716 
(813) 573-1399 

Georgia 
Norcross, GA 30093 
(404) 923-5750 

Illinois 
Schaumbrug, IL 60173 
(708) 490-0155 

Indiana 
Carmel, IN 46032 
(317) 431-6554 

Kansas 
Lenexa, KS 66214 
(913) 492-3121 

Maryland 
Columbia, MD 21046 
(410) 880-3030 
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Distributors (continued) 

Marshall Industries: 
Massachusetts 
Wilmington, MA 01887 
(508) 658-0810 

Michigan 
Livonia, MI 48150 
(313) 525-5850 

Minnesota 
Plymouth, MN 55447 
(612) 559-2211 

Missouri 
Bridgeton, MO 63044 
(314) 291-4650 

New Jersey 
Fairfield, NJ 07006 
(201) 882-0320 

Mt. Laurel, NJ 08054 
(609) 234-9100 

New York 
Endicott, NY 13760 
(607) 785 - 2345 

Rochester, NY 14624 
(716) 235-7620 

Ronkonkoma, NY 11779 
(516) 737-9300 

North Carolina 
Raleigh, NC 27604 
(919) 878-9882 

Ohio 
Solon, OH 44139 
(216) 248-1788 

Dayton, OH 45414 
(513) 898-4480 

Oregon 
Beaverton, OR 97005 
(503) 644-5050 

Pennsylvania 
Mt. Laurel, NJ 08054 
(609) 234-9100 

Texas 
Austin, TX 78754 
(512) 837 -1991 

Richardson, TX 75081 
(214) 705-0600 

Houston, TX 77043 
(713) 467-1666 

Utah 
Salt Lake City, UT 84119 
(801) 973-2288 

Washington 
Bothell, WA 98011 
(206) 486-5747 

Wisconsin 
Waukesha, WI 53186 
(414) 797-8400 

Semad: 
Calgary 
Calgary, Alberta T2E 7H7 
(403) 252-5664 
FAX: (800) 565-9779 

Montreal 
Pointe Claire, Quebec H9R 427 
(514) 694-0860 
1-800-361-6558 
FAX: (514) 694-0965 

Ottawa 
Ottawa, Ontario KlB 1A7 
(613) 526-4866 
FAX: (613) 523-4372 

Toronto 
Markham, Ontario L3R 4Z4 
(905) 475-3922 
FAX: (905) 475-4158 

Vancouver 
Burnaby, British Columbia V5G 1H1 
(604) 451-3444 
i -800-663-8956 
FAX: (604) 451-3445 

Zeus Electronics: 
Yorba Linda, CA 92686 
(714) 921-9000 

San Jose, CA 95131 
(408) 629-4789 

Lake Mary, FL 32746 
(407) 333-3055 

Itasca, IL 60143 
(708) 595 -9730 

Wilmington, MA 01887 
(508) 658-4776 

Port Chester, NY 10573 
(914) 937-7400 

Carrollton, TX 75006 
(214) 380-4330 
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