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I. General Description

The»function of the VLBI Matrix Switch System is to provide
computer control of the IF inputs to the VLBA Data Acquisition
Rack. This system also provides equalization for the four analog
sum IFs. The switch system has 24 IF inputs and has the capability
of selecting any 4 of those 24 IF inputs. The 24 inputs are broken
down as follows: 4 are the analog sums from the correlator, 4 are
from an antenna on each arm for a total of 12, and the remaining 8
are auxiliary inputs to be used for special experiments, tests.
ete. The antennas on each arm that provide the 12 IF inputs are
selected by the NRAO scientific staff and can change. These IFs
are connected at the T5 front panel IF monitor point. See Block

Diagrams NRAO drawings D15000BO1 and C80118Z01.

IT. Submodule Description

The T8 module consists of five.primary submodules. These
submodules are the power supply, the square law detector, the
analog sum buffer, the power splitter, and the modified Wandel

Goltermann matrix switch.

I1.1. The Power Supply
The power is provided by a triple output +15V @ 1.5A, -15V @

1.5A, and +5V @ 8A linear supply. See NRAO drawing B80118S506.



I1.2. The Sgquare Law Detector

The square law detector submodule (see NRAO drawing C80118S505)
consists of 8 two way power divid:rs, 4 Avantek 462 amplifiers, and
4 generic square law detector modules using BD4 back diodes. The
square law detector schematic is show in NRAO drawing C13600501,

and a typical calibration curve is shown Table 1.

Table 1
input pwr voltage input pwr voltage
dBm Y dBm \'
-40 .100 -30 1.08
-39 .130 -29 1.370
-38 .170 -28 1.728
-37 .210 =27 2.144
-36 .260 -26 2.648
-35 . 340 -25 3.368
-34 .430 -24 4.277
-33 .540 -23 5.410
-32 .690 -22 6.87
-31 .860 -21 8.44
-20 10.57




IT1.3. The Power Splitter

The power splitter submodule consists of two large aluminum
plates each with iz 4-way resistive power splitters attached.
These plates are in the back of the rack behind the matrix
awitches. The resistors provide 50 ohm source and load impedances,
andwere calculated as follows:

R

R
R+50

R -=-—— 4+ R = 50 R=30 Ohms

R

Each power splitter was phase and amplitude matched on a network
analyzer. The amplitude was matched within *.2 dB and the phase was
matched to *.5 degree across a 50MHz bandwidth. Matching was
achieved by carefully selecting resistors, and by varying the
length and physical position of the resistors within the housings.

See NRAO drawings C80117P01 and C80117P02.

iI.4 The Analog Sum Buffer

The analog sum buffer submodule consists of 4 amplifier sub-
submodules and 4 square law detector sub-submodules. The square law
detector modules are the same as those used in I1.2. See NRAO
drawing C801185S04.

The amplifier sub-submodules are shown schematically in NRAO
drawing C80118501 and the assembly is shown in NRAO drawing
C80118P02. These modules are designed to provide simultaneous

outputs for both the VLBI and pulsar backends. These outputs are
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electrically isolated as well as equalized. Components were chosen
with tight tolerances to maintain a * .5 degree phase match across
the passband. The typical analog sum output is shown in Figure 1.
The analog sum IFs each had their own passband shape but only one
2-pole filter design could be used to maintain the phase
relationship. As the result of using only one design the equalized
passband shapes vary in amplitude about * 1 dB from O to 50 MHz.

The equalizing filter was designed as follows:

1 Ro(b2-1))K
C= L=
{(2nfr)2L 2ufevb2(K-1)
Ro
R=Ro=(K-1) Ro=— Aas=20logk
K-1
fr=frequency corresponding to A4p b=fn/fr

fv=frequency corresponding to Aas/2

Ro=50 ohms

See NRAO drawing C80118S01 for the values calculated for this
equalizer. The poles where located at two different frequencies for
optimum performance. A 10 dB attenuator was placed between the two
poles because of load interactions.

The resultant response is shown in Figure 2.

IT.5 The modified Wandel Goltermann Switch

The Wandel Goltermann switch is a 24x1 matrix switch. The
original switch had to be modified is two ways. First, the input
impedance had to be changed from 75 to 50 ohms. This was done by

adding a 150 ohm resistor in parallel with the two parallel 150 ohm
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resistors on the input. Second, the computer interface had to be
changed so the switch could be operated remotely using the VLA
online computing system. This was done by replacing the GPIB c=zri
within the switch with a new card. The new card is shown
schematically in NRAO drawings C80110S03 and C80110S02. This card
uses a programmable Xilinx chip. Along with this new board the
address setup for the switch had to be modified. These
modifications are shown in the Wandel Goltermann service manual in
the back of this report. The new command and monitor protocol is
shown in Appendix 1. The monitor and control address regquirements

for each switch are shown in Table 2.

TABLE 2
Switch Position Address
4 5
IFA down down 224
IFB down up 225
IFC up down 228
IFD up up 227




III Test Procedure
II1.1 Sguare Law Detector

A. Apply * 15 and + 5 volts as shown in NRAO drawing
€801188505.

B. Using Table 3 below apply each RF power listed to each
input shown in Table 4 and monitor the power at the corresponding
output. The power difference between input and output should be 8.5
t* 1 dB. Monitor the voltage readings on the front panel meters and

make sure that they correspond to the readings listed in Table 3.

Table 3 Table 4
RF power Meter reading Input Output
dBm counts
-40 860 J1i5s J1l4
-36 2144 Ji3 J16
-33 4277 J1i1 J8
-30 8440 J9 J10

I11.2 Analog Sum Buffer
A. Setup
These tests require the us2 of an HP8407A Network analyzer,
HP8601A Sweeper, HP11652-60009 Power divider or equivalents. These
testa also require the use of a x-y plotter. Setup the network
analyzer system as follows:
Power level -30 dBm @25 MHz
Sweep 1 to 50 MHz
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Measurements will require use of the direct port on both the
reference and test channels. Select cable lengths to produce a flat
phase response with no UUT in place.

Setup and calibrate the x-y plotter to plot the phase.

B. Apply * 15 and + 5 volts as shown in NRAO drawing
€80118504.

Note: Since the analog sum buffer module consists of two

identical channels refer to Table 5 for I1/0 connections.

Table 5
input BB out PP out Meter
Channel 1 J1b Jil Ji3 Top
Channel 2 J16 J1l4 Jl2 Bottom

C. Connect the power divider output to the module input. Be
sure to terminate unused ports on the channel under test. Connect
the network analyzer (test channel) to BB out. The typical display
of the magnitude is shown in Figure 3. Switch to phase. Plot the
phase on graph paper.

D. Now connect the network analyzer to PP out (remember to
terminate BB out with 50 ohms.) The typical magnitude display is
shown in Figure 3. Switch to phase. Plot the phase on graph paper.

E. Check to see if the meter is reading something on the front
panel.

F. Repeat steps C, D, and E for the other channel.

G. Compare the phase plota for each channel. Phase should be

less than t 1 degree from each other across the band.



ITII.3 Matrix Switch

A. Setup network analyzer per III._2A

B. Turn the switch on and set to local mode.

C. Connect the network analyzer to the output port.

D. Connect the power divider output to one of the input ports
of the switch. Set the front panel selector switch to light the LED
that corresponds to port that the power divider is connected to.
Note: there are 24 ports.

E. With the network analyzer on magnitude display, measure the
insertion loss of the switch. It should be £ 1.2 dB.

F. Switch the network analyzer to measure phase. Plot the
phase.

G. Cycle through all 24 ports while repeating steps D, E and
F. The phase should be the same for all ports within *.5 degrees
across the band.

I11.4 Power Splitter

A. Setup network analyzer per I1II.2A

B. Connect the HP power divider output to the input of the
power splitter under test.

C. Connect the network analyzer to one of the output ports of
the power splitter. Be sure to terminate the remaining ports.

D. Measure the insertion loss. It should be 12 +.5 dB.

E. Measure and plot the phase.

F. Repeat steps C, D, and E for each port. The Phase should be

within .25 degrees between all ports across the band.
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IT1.5 System tests

A. Setup network analyzer per III.2A

B. Connect the output of the HP power divider to the input of
one of the system power splitters. Connect the network analyzer
test channel to one of the switch outputs.

C. Put the switch in local and select the appropriate position
for the system power splitter connected to in B.

D. Measure the inserticn loss. It should be 10 t 2 dB.

E. Measure and plot the phase. The phase variance for the
system should be *3 degrees.

F. Repeat steps B, C, D, and E for all power splitters and all
switch outputs.

G. Make sure all switches are in remote.

H. Command each switch using the overlay. Make sure the LED on

the front panel corresponds to the commanded position.



IV. APPENDIX 1

Monitor and control protocal uses DCS O Dataset 4

Commands
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IF selected Binary Command LSB HEX

No selection 0000 0000 0000 0000 0000 0000 000 000
analog sum A 0000 0000 0000 0000 0000 0001 000 001
analog sum B 0010 000 002
analog sum C 0011 000 003
analog sum D 0100 000 004
east arm A 0101 000 005
east arm B 0110 000 006
east arm C 0111 000 007
east arm D 1000 000 008
north arm A 1001 000 009
north arm B 1010 000 00A
north arm C 1011 000 OO0B
north arm D 1100 000 00C
west arm A 1101 000 00D
west arm B 1110 000 OOE
west arm C 1111 000 OOF
west arm D 0001 0000 000 010
aux 17 0001 0001 000 011
aux 18 0001 0010 000 012
aux 19 0001 0011 000 013
aux 20 0001 0100 000 014
aux 21 0001 0101 000 015



IF selected Binary Command LSB HEX

aux 22 0001 0110 000 016
aux 23 0001 0111 000 017
aux 24 0001 1000 000 018

no selection XXXX XXXX XXXX XXXX X¥X1 1XX1

The switch monitor read backs are the

Monitor

same except bit

23

mor.itors computer/local High=local and bits 18 to 20 monitor the

baseband channel value.
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Switch Addresses
Address of the top switch that is hard wired to IF A of the
DAR is ‘220 for command readback
“224 for monitor readback
320 for command
Address of the second switch that is hard wired to IF B of the
DAR is *221 for command readback
“225 for monitor readback
321 for command
Address of the third switch that is hard wired to IF C of the
DAR is *222 for command readback
“226 for monitor readback
322 for command
Address of the fourth switch that is hard wired to IF D of the
DAR is "223 for command readback
*227 for monitor readback

*323 for command
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VI. DRAWING LIST
D80117M01 T8 Baseband Switch Module Splitter Box Mounting Plate
C80117M02 T8 Baseband Switch Module Connector Mounting Plate
C80117P01 T8 Baseband Switch Module Splitter Box Mounting Plate
D80117P02 T8 Baseband Switch Module Splitter Box Assembly
C80118AB01 T8 Baseband Switch Analog Sum Buffer Amplifier PCB
Artwork
D80118AB0O2 T8 Baseband Switch Module IF Switch Rear Panel
Silkscreen
D80118AB0O3 T8 Baseband Switch Module IF Switch Front Panel
Silkscreen
A80118G0O1 T8 Baseband Switch Module IF Switch Firmware
C80118M01 T8 Baseband Switch Module Analog Sum Buffer PCB Amplifier
Drill DWG
C80118M02 TE Baseband Switch Module Analog Sum Buffer Amp.PCB
Enclosure Box
C80118M03 T8 Baseband Switch Module Analog Sum Buffer Amp.PCB
Enclosure Box Lid
D80118M04 T8 Baseband Switch Module IF Switch Rear Panel
D80118M05 T8 Baseband Switch Module IF Switch Front Panel
C80118P01 T8 Baseband Switch Module Analog Sum Buffer Amplifier
PCB Assembly
C80118P02 T8 Baseband Switch Module Analog Sum Buffer Amplifier
Assembly
C80118501 T8 Baseband Switch Module Analog Sum Buffer Schematic

Diagram



€80118804

€80118M06
C80118MO7
€80118M08
€80118S05
D15000B0O1
D15000P0O1
€80118201

B80118S06

T8 Baseband Switch Module Analog Sum Buffer Module

Schematic Diagram

T8 Module
T8 Module
T8 Module

T8 Module

Square
Analog
3-Wide

Square

VLBI System Rack

VLBI System Rack

Law Letector Front Panel

Sum Buffer Front Panel

Front Panel

Law Detector Module Schematic Diagram
Interconnection Block Diagram

Layout

VLBI/Pulsar Multiplex RF Switch Block Diagram

Sketch

T8 Module Power Supply Module Schematic Diagram
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s 6 ° © J12
O . ' J13 | IF2 Input
JO'S J14 IF1 Output
S| J15__ | IF1 Input
J16 | IF2 Output
L ok Ty P‘
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$7 XILINX

XC17000 Family of
Serial Configuration PROMs

Preliminary Product Specifications

Features

¢ Extended family of one-time programmable (OTP) bit-
serial read-only memories used for storing the configu-
ration bitstreams of Xilinx FPGAs

¢ On-chip address counter, incremented by each rising
edge on the clock input

¢ Simple interface to the FPGA requires only one user /O
pin

* Cascadabile for storing longer or multiple bitstreams

¢ Programmable reset polarity (active High or active Low)
for compatibility with different FPGA solutions, {the older
XC1736A has active-High reset only)

* XC17128 supports XC4000 fast configuration mode
(10 MH2)

¢ Low-power CMOS EPROM process

¢ Available in 5 V and 3.3 V versions

* Available in plastic and ceramic packages, and commer-
cial, industrial and military temperature ranges

¢ Space efficient 8-pin DIP, 8-pin SOIC or 20-pin surface-
mount packages.

* Programming support by leading programmer
manufacturers.

Description

The XC17000 tamily of serial configuration PROMs (SCPs)
provides an easy-10-use, cost-effective method for storing
Xilinx FPGA configuration bitstreams.

When the FPGA is in master serial mode, it generates a
configuration clock that drives the SCP. A short access time
after the rising clock edge, data appears on the SCP DATA
output pin that is connected to the FPGA DIN pin. The
FPGA generates the appropriate number of clock puises to
complete the configuration. Once configured, it disables
the SCP. When the FPGA is in slave mode, the SCP and
the FPGA must both be clocked by an incoming signal.

Multiple devices can be concatenated by using the CEO
output to drive the CE input of the following device. The
clock inputs and the DATA outputs of ali SCPs in this chain
are interconnected. All devices are compatible and can be
cascaded with other members of the family.

For device programming, the XACT development system
compiles the LCA design file into a standard Hex format,
which is then transferred to the programmer.

B

DATA

x3188

Figure 1. Simplified Block Diagram (does not show programming circult)
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XC17000 Serial Configuration PROM

Pin Assignments Serial PROM Pinouts

Pin Name 8-Pin 20-Pin
DATA o ' DATA 1 2
Data output, 3-stated when either CE or OE are inactive. T 2 y
During programming, the DATA pin is VO. Note that OE can _
be programmed to be sither active High or active Low. RESET/OE (OE/RESET) 3 6

CE 4 8
CLK GND s 10
Each rising edge on the CLK input increments the internal CEO 6 14
address counter, if both CE and OE are active. Note that v 5 5
OE can be programmed to be either active High or active PP !
Low. Vee 8 20
RESET/OE Capacity
When High, this input holds the address counter reset and - .
3-states the DATA output. The polarity of this input pin is Device Configuration Bits
programmable as either RESET/OE or OE/RESET. To XC1718Dor L 18.144
avoid confusion, this document describes the pin as XC1736D orL 36.288
RESET/OE, although the opposite polarity is possible on XC1765D or L 65.536
all devices except the older XC1736A. XC17128 131,072
CE plus 32 bits for reset polarity control

When High, this pin disables the internal address counter, . . i
3-states the DATA output, and forces the device into low-  Number of Configuration Bits, Including Header

Icc standby mode. for all Xilinx FPGAs and Compatible SCP Type

CEO Device Configuration Bits scp

Chip Enable output, to be connected to the CE input of the XC2064 12.038 XCi718

next SCP in the daisy chain. This output is Low when the Xc2018 17.878 Xci718

CE and OF inputs are both active AND the internal address XC3020/3120 14.819 xci718

counter has been incremented beyond its Terminal Count XC3030/3130 22.216 XC1738

(TC) value. In other words: when the PROM has been read, XC3042/3142 30.824 XC1736

CEO will follow CE as long as OE is active. When OE goes XC3064/3164 46.104 XC1765

inactive, CEO stays High until the PROM is re;et. Note that XC3090/3190 64.200 XC1765

OE can be programmed 10 be either active High or active XC3195 94,084 XC17128

Low. XCa002A 31668 XC173%

Vop XC4003A 45.676 XC1765

Programming voltage. No overshoot above the specified XCao03H 53.967 XC1765

max voltage is permitted on this pin. For normal read oper- XC4004A 62.244 XC1765

ation, this pin mustbe connected 10 V. Failure to do so XC4005A 81372 XC17128

may lead to unpredictable, temperature-dependent opera- XC4005/4005H 95.000 XC17128

tion and severe problems in circuit debugging. Do not XC4006 119,832 XC17128

leave Vpp floating! XC4008 147,544 XC17128 + XC1718
XC4010 178.136 XC17128 + XC1765

;ggmve supply pin XC4013 247.960 XC17128 + XC17126_

. XC4025 422.168 XC17128 + XC1712¢ »
GND XC17128 + XC1736
Ground pin
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Controlling Serial PROMs

Most connections between the LCA device and the Serial

PROM are simple and self-explanatory.

* The DATA output of the PROM drives DIN of the LCA
devices.

* The master LCA CCLK output drives the CLK input of
the Serial PROM.

¢ The CEO output of any Serial PROM can be used to
drive the CE input of the next serial PROM in a cascade
chain of PROMs. ’

¢ Vpp must be connected to Vc. Leaving Vpp open can
lead to unreliable, temperature-dependent operation.

There are, however, two different ways to use the inputs

CE and OE.

1. The LCA O/P or LDC output drives both TE and OE in
parallel. This is the simplest connection, but it fails if a
user applies RESET during the LCA configuration pro-
cess. The LCA device aborts the configuration ang then
restarts a new configuration, as in , but the Senal
PROM does not reset its gddre: ter, since it never
saw a High level on its‘ PR new configuration,
therefore, reads the iR in the PROM and
interprets it as pre: € count efc. Since the
LCA device is the m 1l issues the necessary num-
ber of CCLK puises, 16 million (2%%) and D/P goes
High. However, A configuration will be completety
wrong, with contentions inside the LCA device
and on its output pins. This method must, therefore,
never be used when there is any chance of external
reset during configuration.

2 The LCA D/P or LDC output drives only the CE input of
the Serial PROM while its OE input is driven by the LCA
RESET input. This connection works under all normal
circumstances, even when the user aborts a configura-
fion before O/P has gone High. The Low level on the OE
input during reset clears the PROM internal address
pointer, so that the reconfiguration starts at the begin-
ning. The reset polarity should be inverted for this mode
to be used. It is strongly recommended that this method,
shown in Figure 2, be used whenever possible.

LCA Master Serial Mode Summary

The O and logic functions of the Logic Cell Array and their
associated interconnections are established by a configu-
ration program. The program is loaded either automatically
upon power up, of on command, depending on the state of
the three LCA mode pins. in Master Mode, the Logic Cell
Array automatically loads the configuration program from
an external memory. The Serial Configuration PROM has
been designed for compatibility with the Master Serial
Mode.

Upon power-up or reconfiguration, an LCA device enters
the Master Serial Mode whenever all three of the LCA

mode-select pins are Low (M0=0, M1=0, M2=0). Data is
read from the Serial Configuration PROM sequentially on a
single data line. Synchronization is provided by the rising
edge of the temporary signal CCLK, which is generated
during configuration.

Master Serial Mode provides a simple configuration inter-
face. Only a serial data fine and two control lines are
required to configure an LCA device. Data from the Serial
Configuration PROM is read sequentially, accessed via the
internal address and bit counters which are incremented on
every valid rising edge of CCLK.

# the user-programmabie, dual-function DIN pin on the
LCA device is used only for configuration, it must still be
held at a dsfined level during normal operation. The
XC3000 and XC4000 families take care of this automati-
cally with an on-chip default puti-up resistor. With XC2000-
family devices, the user must either configure DIN as an
active output, or provide a defined level, e.g., by using an
external pull-up resistor, if DIN is configured as an input.
-

Programming the LCA With Counters Unchanged
Upon Completion

When multiple LCA-configurations for a single LCA are
stored in a Serial Configuration PROM, the OE pin shouid
be tied Low as shown in Figure 3. Upon power-up, the inter-
nal address counters are reset and configuration begins
with the first program stored in memory. Since the OE pin is
held Low, the address counters are left unchanged after
configuration is complete. Therefore, to reprogram the LCA
with another program, the D/P line is pulled Low and con-
figuration begins at the last value of the address counters.

Cascading Serial Configuration PROMs

For multiple LCAs configured as a daisy-chain, or for future
LCAs requiring farger configuration memories, cascaded
SCPs provide additional memory. After the last bit from the
first SCP is read, the next clock signal to the SCP asserts
its CEO output Low and disables its DATA line. The second
SCP recognizes the Low level on its CE input and enables
its DATA output. See Figure 2.

After configuration is complete, the address counters of all
cascaded SCPs are reset if the LCA RESET pin goes Low,
assuming the SCP reset polarity option has been inverted.

If the address counters are not to be reset upon comple-
tion, then the RESET/OE inputs can be tied to ground, as
shown in Figure 3. To reprogram the LCA device with
another program, the D/P line goes Low and configuration
begins where the address counters had stopped. In this
case, avoid contention between DATA and the configured
VO use of DIN.

When more than a few SCPs are daisy-chained, the
designer must evaluate the worst-case CCLK-to-DATA
delay resuiting from the cascaded CE-to-CEO delays. All
Xilinx LCA devices require valid input data a set-up time
before the next rising CCLK edge.
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XC17000 Serial Configuration PROM

° ¥ Readback i&
Py a - +SV
5K Resistor I8 P | L
Required in
Series With M1 MO M1 PWRDWN
the SKQ M2 PulDown § — [ —]0OUT
Resistor Oy the —d2 L, OPTIONAL
but it ANows M2 10 -— HDC LCAs with
be User VO Owlerent
Generm | ¢ ™ Configurations
Puvpou< ~—CY INIT
User O
Pire ]
E Other
K VO Pre
"] OPTIONAL
LCA " SvelCAs
Deovice
with identical
Configurabons

T jm————— -
DIN DATA 1 DATA :
of ce p————of cE Seda

P
— OERESET OE/RESET H
I e ———— '
(Low Resets the Address Pointer)

i TN XX _

Figure 2. Master Seriat Mode. The one-time-programmable Serial Configuration PROM supports automatic ioading of configuration pro-
grams. Multiple devices can be cascaded 10 support additional LCA devices. An earty D/P inhibits the PROM data output one
CCLK cycie before the LCA Os become active.
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ClX

+
Notes: 1. if programmed for active High Reset, tie RESET to Vce.

LCA Ce
MO RESET/OE
Master M1
Mode M2 (o7 4

L

ScP CEO CE

RESET/OE

2. I M2 is tied directly f0 ground, it should be programned as an input during operation.
3. If the LCA is reset during configuration, & will abort back to initialization statex An external signal is then required 1o reset

the XC17XX counters.

Figure 3. Address Counters Not Reset at the End of Configuration

Standby Mode

The PROM enters a low-power standby mode whenever CE
s asserted High. In this mode, the SCP consumes less than
0.5 mA of current. The output remains in a high-impedance
state regardiess of the state of the OE input.

Reducing Standby Current to Zero

The 0.5 mA of serial PROM standby cumment may be unac-
ceptable in a low-current application. it is, however, possible
1o achieve zero standby cumrent by disconnecting the PROM
ground lead from system ground and connecting it to the
LDC pin of the LCA, as shown in Figure 4.

As a result, the PROM powers up together with the LCA,
since LDC goes Low immediately after power-up; the PROM
then stays powered-up until the end of the configuration pro-
cess. When the user outputs go active, LDC must go 3-state
and thus cut off the PROM supply current. LDC must, there-
fore, be configurated as an input with pull-up resistor, not as
an active High output.

The PROM operating current (typically <5 mA) causes a voit-
age drop of typically 100 mV on the LDC output, reducing the
PROM supply voitage by that amount. This violates the spec-
ification, but is guaranteed to work, since all PROMs are fac-

tory-tested at 4.5 V V. Multiple PROMS increase the {DC
sink current by only 0.5 mA per additional PROM.

LOC must never be active High, because there might be a
few more CCLK pulses at the end of configuration, which will
pull the PROM's CLK input below the level of the PROM
ground pin. In user mode, it is, therefore, important to avoid
driving the PROM with any active High or Low fevels. That
means that the [DC and DIN pins cannot be used in user
mode, they must both be configurated as inputs with a pull-up
resistor. The CE input must be tied to the SCP ground pin.
RESET (active Low) must be connected to the LCA RESET
input.

This design assumes that only one configuration bitstream s
stored in one or multiple PROMSs. It is inherently impossible to
use this design when mwitiple bitstreams are stored in one
PROM or one daisy chain of PROMs.

Programming the XC17000 Family Serial PROMs

The devices can be programmed on programmers supplied
by Xilinx or qualified third-party vendors. The user must
ensure that the appropriate programming algorithm and volt-
age are used. Different product types use different aigorithms
and voltages, and the wrong choice can permanently dam-
age the device.

1

Vee
r

Daisy-chain 1 pourt vee DIN pata  'CC «—1 DATA
LCA Devices =] CCLK cCLK cK —Jeox
— scp Ceo CE
RESET. RESET LCA cE
) MO AESET —+t RESET/OE
Seca e — essnoeGND SETIOE _
Mode M2 GND 1DC b 1

X5285

Figure 4. Zero-Standby Current Circuit




XC17000 Serial Configuration PROM

XC1718D, XC1736D, XC1765D, XC17128

Absolute Maximum Ratings

Symbol Description Units

Vee Supply voltage relative to GND -05t047.0 v
Supply voitage relative to GND: XC1718D, XC17360, XC17650 -0.5t0 +125 \

Ver Supply voltage relative to GND: XC17128 05t0+155 v

Vin Input voitage relative to GND -0.5to Ve +0.5 v

Vrs Voitage applied to 3-state output 0.5t0 Vg +0.5 v

Tss Storage temperature (ambient) -65to0 +125 °C

TsoL Maximum soldering temperature (10 s @ 1/16 in.) +260 °C

Note: Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage 1o the device. These are stress
ratings only, and functional operation of the device at these or any other conditions beyond those fisted under Operating Conditions
is not imphed. Exposure to Absolute Maximum Ratings conditions for extended periods of time may affect device retiability.

Operating Conditions

Symbol Description Min Max Units

Vee Commercial Supply voitage relative to GND -0 °C to +70°C 4.75 525 v
industrial Supply voitage relative to GND -40°C to +85°C 45 55 \'
Military Supply voitage relative to GND -55°C to +125°C 45 5.5 v

DC Characteristics Over Operating Condition

Symbol Description Min Max Units

Vin High-level input voltage 20 Vee v

Va Low-levet input voltage 0 0.8 \")

Vou High-level output voitage (loy = ~4 MA) 3.86 v

Commercial
Vo Low-level output voltage (lg = +4 mA) 0.32 v
Vor High-level output voltage (ioy = -4 MA) 3.76 \'
Industrial
Voo Low-level output voltage (I = +4 mA) 0.37 v
V, High-level output voltage (o = <4 mA) 37 v
o Military

Voo Low-level output voltage (i, = +4 mA) 04 \Y

lcea Supply current, active mode 10 mA

lees Supply current, standby mode 0.5 mA

W Input or output leakage current -10 10 pA

Note: During normal read operation Vpp musfbe connected to Ve




p G NI

XC1718L and XC1765L

Absolute Maximum Ratings
Symbol Description Units
Vee Supply voltage relative to GND 0.510 +6.0 v
Vop Supply voltage relative to GND 0.5t +125 \'
Vau input voltage with respect to GND A.51t0 Ve +0.5 v
Vrs Voltage applied to 3-state output 0.5t Ve 405 v
Tso Storage temperature (ambient) 65 to +125 °C
TsoL Maximum soldering temperature (10 s @ 1/16 in.) +260 °C

Note: Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage (0 the device. These are stress
ratings only, and functional operation of the device a these or any other conditions beyond those listed under Operating Conditions
is not implied. Exposure to Absolute Maximum Ratings conditions for extended periods of time may affect device refiability.

Operating Conditions
Symbol Description Min Max Units
Vee Commercial Supply voltage relative to GND -0 °C to +70°C 3.0 3.6

Industrial Supply voltage relative to GND -40°C to +85°C 30 36

! Military Supply voltage relative to GND -55°C to +125°C 3.0 3.6

DC Characteristics Over Operating Condition
Symbol Description Min Max Units
Vi High-fevel input voltage 20 Vee v
Vu Low-level input voltage 0 08 v
Vou High-level output voltage (loy = ~4 MA) 24 v
Voo Low-level output voltage (Ig, = +4 MmA) 04 v
leca Supply current, active mode S mA
lees Supply current, standby mode 0.5 mA
W Input or output leakage current -10 10 pA

Note: During normal read operation Vpp /mustbe connected to Veg
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XC17000 Family of Serial Configuration PROM

AC Characteristics Over Operating Conditions

ce X
® @
® Tsce Tece Tucz
RESET/OE _\\;
ax
-1 Toe
e @ Tce
DATA
XC17180D,
XC17360, XC1718L,
XC1765D XC1765L XC17128
Symbol Description Min | Max | Min { Max | Min | Max | Units
1 |Tuoe |OE to Data Delay 45 45 50 ns
2 |Tee  |CE to Data Delay 60 60 50 | ns
3 {Teac |CLK 1o Data Delay 150 200 60 ns
4 [Toy  {Data Hold From CE, OE, or CLK 0 0 0 ns
5 |Tor  |CE or OF to Data Float Delay? 50 50 50 | ns
6 |Teye |Clock Periods 200 400 100 ns
7 |Tic  |CLK Low Time?® 100 100 25 ns
8 |THC |CLK High Time? 100 100 25 ns
9 |TSCE |CE Setup Time to CLK (to guarantee proper counting) 25 40 25 ns
10 [Tyce |CE Hold Time to CLK (to guarantee proper counting) 0] 0 0 ns
11 |Tyoe |OE High Time (guarantees counters are reset) 100 100 20 n
RESETOL J{—\—_
& £ X
|
=/ \——{f l
[l ~ ‘
DAYA X L--. 5 ; \—;
Box [ | 4 Lo
&5 i
B ——{ ¥ r:@'n .
XC1718D, XC1718L,
XC1736D, XC1765D XC1765L XC17128
Symbol |Description Min Max Min Max Min Max Units
12 TCDF CLK to Data Float Deiay’ 50 50 50 ns
13|Tock  |CLK to TEO Delay 65 65 40 ns i
15 |{Toog |RESET/OE 1o CEO Delay 40 40 45 ns |
Notes: 1. AC test load = 50 pF

2. Float delays are

sred with mini

3. Guaranteed by design, not tested.

4. All ac p

are sred with Vy, = 0.0V and Vy, = 3.0V.

tester ac load and maximum dc load.
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Ocdering Information
XC17128 - PC20 C

Device Number Operating Range/Processing
C = Commercialindustrial (~40° to + 85°C)
M = Military (-55° 10 + 125°C)
Package Type Valid Ordering Combinations
PD8 = 8-Pin Plastic DIP .l
mpcz: B'onhp,,,: ’p,ta';c, eaded Chio Carmier XC17128000M
= Chip XC17128PC20C
e
XC17XXX - PC20 C
Devico Number ~———— Operating Range/Processing
XC17180 C = Commercial (0* to + 70°C)
XC1718L | = Industrial (~40° 10 + 85°)
:g:;ggg M = Miltary (-55° to + 125°C)
XC1765L R = Military (-55° 10 + 125°C) with
P 98 Type rlL-STl_)-m Level 8 Equivaient
PD8 = 8-Pin Plastic DIP focessing
0D8 = 8-Pin CerOIP
SO8 = 8-Pin Plastic SmaN-Outline Package
VO8 = 8-Pin Plastic Small-Outline Thin Package xae
PC20 = 20-Pin Plastic Leaded Chip Carrier
valid Ordering Combinations
XC1718DPD8C XC17360PD8C XC17650PDEC XC1718LPDBC XC1765LPD8C
XC17180PD8! XC17360P08! XC17650P08I XC1718LS08C XC1765LS08C
XC17180S08C XC17360508C XC17650S08C XC1718LVO8C XC1765LvVO8C
XC1718DVOBC XC17360V08C XC17650V08C XC1718LPC20C XC1765LPC20C
XC1718DS08! XC173608081 XC17650S081
XC1718DVO8! XC17380v081 XC17650v08I
XC1718DPC20C XC1736DPC20C XC1765DPC20C
XC1718DPC201 XC1736DPC201 XC1765DPC201
XC1736DDDSM XC17650D08M
XC1765DDD8R
X318t
Marking Information

Oue to the small size of the serial PROM package, the complete ordering part number cannot be marked on the package.
The XC prefix is deleted and the package code is simplified. Device marking is as follows.

17XXX P C

Device Number —j—

XC1718D
XC1718L
XC1736D
XC1765D
XC1765L

Package Type Code
P = 8-Pin Plastic DIP
D = 8-Pin CerDIP
S = 8-Pin Plastic Small-Outiine Package
J = 20-Pin Plastic Leaded Chip Carrier

Operating Range/Processing
C = Commercial (0° to + 70°C)
) = Industrial (-40° to + 85°)
M = Military (-55° to + 125°C)

12
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XC4000A
Logic Cell Array Family

Product Specifications

Features

¢ Third Generation Field-Programmable Gate Arays
- Abundant flip-flops
- Flexible function generators
- On-chip ultra-fast RAM
- Dedicated high-speed carry-propagation circuit
- Wide edge decoders (two per edge)
- Hierarchy of interconnect lines
- Internal 3-state bus capability
- Eight global low-skew clock or signal distribution
network

* Flexible Array Architecture
- Programmable logic blocks and /O blocks
- Programmable interconnects and wide decoders

* Sub-micron CMOS Process
- High-speed logic and Interconnect
- Low power consumption

* Systems-Oriented Features
- IEEE 1149.1-compatible boundary-scan logic support
- Programmable output slew rate (4 modes)
~ Programmable input pull-up or pull-down resistors
- 24-mA sink current per output (48 per pair)

¢ Configured by Loading Binary File
- Unlimited reprogrammability
- Six programming modes

* XACT Development System runs on '386/'486-type PC,
NEC PC, Apolio, Sun-4, and Hewlett-Packard 700 Series
- Interfaces to popular design environments like
Viewlogic, Mentor Graphics and OrCAD
- Fully automatic partitioning, placement and routing
- Interactive design editor for design optimization
- 288 macros, 34 hard macros, RAM/ROM compiler

Description

The XC4000A family of FPGAs offers four devices atthe low
end of the XC4000 famity complexity range. XC4000A
differs from XC4000 in four areas: fewer routing resources,

fewer wide-edge decoders, higher output sink current, and
improved output slew-rate control.

* The XC4000 routing structure is optimized for smaller
designs, naturally requiring fewer routing resources. The
XC4000A devices have four Longlines and four single-
length lines per row and column, while the XC4000
devices have six Longlines and eight single-length lines
per row and column. This results in a smaller chip area
and lower cost per device.

¢ XC4000A has two wide-edge decoders on every device
edge, while the XC4000 has four. Alt other wide-decoder
features are identical in XC4000 and XC4000A.

® XC4000A outputs are specified at 24 mA, sink current,
while XC4000 outputs are specified at 12 mA. The source
current is the same 4 mA for both families.

¢ The XC4000A family offers a more sophisticated output
slew-rate control structure with four configurable options
for each individual output driver: fast, medium fast. me-
dium slow, and slow. Slew-rate control can alleviate
ground-bounce problems when multiple outputs switch
simultaneously, and it can reduce or eliminate crosstalk
and transmission-line effects on printed circuit boards.

Note that the XC4003 and XC4005 devices are available in
both flavors, the lower-priced XC4003A/XC4005A with re-
duced routing, and the higher-priced XC4003/XC4005 with
more abundant routing resources. The XC4000A devices
are intended for less demanding and more structured
designs, and the XC4000 devices for more random designs
requiring additional routing resources.

The equivalent devices are pin-compatible and are avail-
able in identical packages, but they are not bitstream
compatible. In order to move from a XC4000A to a XC4000,
or vice versa, the design must be recompiled.

Table 1. The XC4000A Family of Field-Programmable Gate Arrays

Device XC4002A XC4003A XC4004A XC400SA
Appr. Gate Count 2,000 3.000 4,000 5.000
CLB Matrix 8x8 10x 10 12x 12 14x14
Number of CLBs 64 100 144 196
Number of Flip-Flops 256 360 480 616
Max Decode Inputs (per side) 24 30 36 42
Max RAM Bits 2,048 3,200 4,608 6,272
Number of 10Bs 64 80 96 12




XCA000A Logic Cell Array Family

Absolute Maximum Ratings
Symbol | Description Units
Vcec | Supply voltage relative to GND 05170 v
Ve |Input voltage with respect to GND 05107 v
Vrs |Voltage applied to 3-state output -05t07 v
Tsva |Storage temperature (ambient) —65to0 + 150 °C
Tsou |Maximum soldering temperature (10 s @ 1/16 in. = 1.5 mm) + 260 °C
Ty Junction temperature + 150 °C

Note: Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device.
These are stress ratings only, and functional operation of the device at these or any other conditions beyond
those listed under Recommended Operating Conditions is not implied. Exposure to Absolute Maximum Ratings

conditions for extended periods of time may affect device reliability.

Operating Conditions
Symbol Description Min Max Unitsl
Vee Supply voltage relative to GND Commercial 0°C to 70°C 4.75 525 v
Supply voltage relative to GND  Industrial —-40°C o 85°C 45 55 v
Supply voltage relative to GND  Military -55°C t0 125°C 45 55 v
Vi High-level input voitage (XC4000 has TTL-like input thresholds) 20 | Vcc v
Vi Low-level input voltage (XC4000 has TTL-like input thresholds) 0 08} V
TN Input signal transition time 250 | ns
DC Characteristics Over Operating Conditions
Symbol Description Min Max | Units
Vou High-level output voltage @ lon = -4.0 mA, Vi min 24 Vv
Vou Low-leve! output voltage @ lo = 24 mA, V. max (Note 1) 04 v
lcco Quiescent LCA supply current (Note 2) 10} mA
In Leakage current -10 +10] pA
Cw Input capacitance (sample tested) 15 pF
RN Pad pull-up (when selected) @ Vi = OV (sample tested) 0.02 025 mA
I Horizontal Long Line pull-up (when selected) @ logic Low 0.2 25| mA

Note: 1. With 50% of the outputs simuitaneously sinking 24 mA.

2. With no output current loads, no active input or longiine pull-up resistors, all package pins at V. or GND, and

the LCA configured with a MakeBits tie option.
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Wide Decoder Switching Characteristic Guidelines

Testing of the switching parameters is modeled after testing methods specified by MIL-M-38510/605. All devices are 100% functionafly
wsted. Since many intemal timing parameters cannot be measured directly, there derived from benchmark timing pattems. The following
guidelines relflect worst-case values over the recommended operating conditions. For more detailed, more precise, and more up-to-date

uming information, use the vaiues provided by the XACT timing calculator and used in the simulator.

Speed Grade £ 5 4

Description Symbol Device Max Max Max | Units
Full length, both pull-ups, Twas XC4002A 8.5 7.5 ‘._-5 - ns
‘ inputs from 0B {-pins XCAQ03A 9.0 8.0 cg- ns
g XC4004A 9.5 85 = | ns
| XC4005A 10.0 9.0 $0" | ns
Full length, both puil-ups TwarL XC4002A 118 105 »8.5 ns
inputs from iptemal fogic XC4003A 12.0 110 ns
XCA4004A 125 115 7.6 ns
XC4005A 13.0 12,0 X ns
Half length, one pull-up Twao XC4002A 8.5 7.5 5w ns
inputs from IOB I-pins XC4003A 9.0 8.0 =™ ns
XC4004A 9.5 85 .@5 5d | ns
i XC4005A 10.0 9.0 1 7.0 ; ns
Half length, one pull-up TwaoL XC4002A 1.5 10.5 2 5 ns
inputs from intemal logic XC4003A 12.0 11.0 ‘8.0 4 ns
XC4004A 125 115 ‘8.5 ns
XC4005A 13.0 12.0 907 ns

Note: These delays are specified from the decoder input to the decoder output. For pin-to-pin delays, add the input delay (Teyp)

and output delay (one of 4 modes), as listed on page 2-70.

Global Buffer Switching Characteristic Guidelines

Testing of the switching parameters is modeled after testing methods specified by MIL-M-38510/605. All devices are 100% functionally
tested. Since many intemal timing parameters cannot be measured directly, they are derived from benchmark timing pattems. The
following guidelines reflect worst-case values over the recommended operating conditions. For more detailed, more precise, and more

up-to-date timing information, use the values provided by the XACT timing calculator and used in the simulator.

Speed Grade $ 5 4
Description Symbol Device Max Max Max |Units
Global Signal Distribution
From pad through primary buffer, to any clock k Te XC4002A 7.7 57 49 | ns
XC4003A 7.8 5.8 5.1 ns
XC4004A | 79 || 59 §3 | ns
XC4005A 8.0 6.0 5.5 ns
From pad through secondary buffer, to any clock k Tsa XC4002A 8.7 6.7 6.1 ns
XC4003A 8.8 6.8 63 | ns
XC4004A 89 6.9 6.5 ns
XC4005A 9.0 7.0 6.7 | ns
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XC4000A Logic Cell Array Family

Horizontal Longline Switching Characteristic Guidelines

Testing of the switching parameters is modeled after testing methods specified by MIL-M-38510/605. All devices are 100% functionally
tested. Since many intemal timing parameters cannot be measured directly, they are derived from benchmark timing patiems. The
following guidelines reflect worst-case values over the recommended operating conditions. For more detailed. more precise, and more
up-to-date timing information, use the values provided by the XACT timing calculator and used in the simulator.

Speed Grade -6 -5 4
Description Symbol Device Max Max Max | Units
TBUF driving a Horizontal Longline (L.L.)
I going High or Low to L.L. going High or Low, Tior XC4002A 8.2 6.0 40 | ns
while T is Low, i.e. buffer is constantly active XC4003A 88 6.2 4.4 ns
XC4004A 94 6.6 5.0 ns
XC4005A 10.0 7.0 55 ns
i going Low to L.L. going from resistive pull-up Tio2 XC4002A 8.7 6.5 4.5 ns
High to active Low, (TBUF configured as open drain) XC4003A 9.3 6.7 50 ns
XC4004A 9.9 7.1 55 ns
XC4005A 10.5 75 6.0 ns
T going Low to L.L. going from resistive pult-up Ton XC4002A 10.1 8.4 68 ns
or floating High to active Low, (TUBF configured XCA4003A 10.7 9.0 7.2 ns
as open drain) XC4004A 114 9.5 7.6 ns
XC4005A 12.0 10.0 8.0 ns
T going High to TBUF going inactive, not driving L.L. |  Toer All devices 3.0 2.0 1.8 ns
T going High to L.L. going from Low to High, Teus XC4002A 23.0 19.0 130 | ns
pulled up by a single resistor XC4003A 240 |} 20.0 140 | ns
XC4004A 25.0 || 21.0 150 | ns
XC4005A 26.0 || 220 160 | ns
T going High to L.L. going from Low to High, Teur XC4002A 105 8.5 6.5 ns
pulled up by two resistors XCA003A 11.0 9.0 7.0 ns
XC4004A 115 95 75 ns
XC4005A 120 i 10.0 8.0 ns
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Guaranteed Input and Output Parameters (Pin-to-Pin)

quueslistedbebwammddmcw.memaehwmeopeumgcondim.ﬂ\empumtersma!sobedemec
aduectly from the OB and Global Buffer specifications. The XACT delay calculator uses this indirect method. When there is a discrepancy
setween these two methods, the directly tested values sted beiow shouid be used, and the derived values shoukd be ignored.

Speed Grade 6 5 -4
Description Symbol Device Units

* Global Clock to Output (fast) Tcxor | XC4002A | 149 [{ 122 || 114 | ns

: XC4003A | 15.1 [} 12511 116 ] ns

(Max) | XC4004A | 153 || 128 ;%1,5 ns
0

: XC4005A | 155 || 130 2 ns
Global Clock to Output (slew limited) Toxo | XC4002A | 199 || 152 Z 4% | ns
XC4003A | 201 {| 155 (| ™™W4® | ns

(Max) | XC4004A | 203 || 158 g}'ﬁ‘ ns

XC4005A | 205 || 16.0 50| ns

' | ns

XC4003A | 24 || 20|[**F | ns
(Min) | XC4004A | 22 1.7 |74 | ns

xca005A | 20 || 15| 2| ns
Input Hold time, using IFF (fast) Tenr XC4002A 49 37| %87 | ns
XC4003A 5.1 40 ~74.0 ns
: {Min) XC4004A 5.3 43 431 ns
: XC4005A 5.5 45|( 45 | ns

,flnput Set-up Time, using IFF (with delay) Tesy XC4002A 218 18.8 320 | ns
' XC4003A | 215 || 185 )| 120 | ns

(Min) XC4004A 212 182 (f J20 [ ns
XC4005A 21.0 18.0 120 | ns

| Input Hold Time, using IFF (with delay) Ten XC4002A

b

|

| | i
’ Input Set-up Time, using IFF (fast) Tesur XC4002A 26 23 {ﬁt 8
!

]

0 0 NN+ PN ns

XC4003A 0 0 1] ns

(Min) XC4004A 0 0 0 ns
XC4005A 0 0 0 ns

Timing is measured at pin threshold, with 50 pF external
mowt — capacitive loads (incl. test fixture). When testing fast out-
puts, only one output switches. When testing siew-rate
limited outputs, haif the number of outputs on one side of the
device are switching. These parameter values are tested

.4
d
il

and guaranteed for worst-case conditions of supply voltage
o and temperature, and also with the most unfavorable clock
polarity choice.
Tppui for -4 Speed Grade TpickD for -4 Speed Grade

Padtol, 12 XC4002A 17.4ns input set-up time  XC4002A 15.4 ns
via transparent XC4003A 17.6ns padtoclock (IK) XC4003A 15.6ns
latch, with delay  XC4004A 17.8 ns with delay XC4004A 158 ns
XC4005A 17.9ns S LT XC4005A 159ns

X5283
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XC4000A Logic Cell Array Family

108 Switching Characteristic Guidelines

Testing of the switching parameters is modeled ahter testing methods specified by MIL-M-38510/605. All devices are 100% functionally
tested. Since many internal timing parameters cannot be measured directly. they are derived from benchmark timing patterns. The following
guidelines reflect worst-case values over the recommended operating conditions. For more detailed. more precise, and more up-to-date
timing information, use the values provided by the XACT timing calculator and used in the simulator.

% -5 4 f
T
Description Symbel |Min |Max !! Min iMax | | Min |Max Units|
INPUT '
Propagation Delays
Padto I1, 12 Trip i a0 3.0 28| ns
Pad to 11, 12, via transparent latch (fast) Tevl ‘ 8.0 7.0 6.0 ns
Pad to I1, 12, via transparent latch (with delay) Teou 126.0 24.0 hd ns
Clock (IK) tol1, 12, (flip-flop) Tixai ; 8.0 7.0 6.0 ns
Clack (IK) to 11, 12 (latch enable, active Low) Txu 1 8.0 7.0 6.0 ns
Set-up Time (Note 3) H i '
Pad to Clock (IK), fast Tocx | 70 || 60 40 ns
Pad to Clock (IK) with delay Teicko 125.01 1124 .0 i ns |
Hold Time (Note 3) i I
Pad to Clock (IK). fast Tipr 1.0] f | 10 1.0 ns {
Pad to Clock (1K) with delay Tweio | N€Q) ! ! neg neg ns
OUTPUT l
Propagation Delays '
Clock (OK) to Pad (fast) ToxkpoF L7l 70 65 ns!
Output (O) to Pad  (fast) Toer f 90l 7.0 55| ns
3-state to Pad begin hi-Z (slew-rate independent) Trsnz T80, 7.0 65| ns
3-state to Pad active and valid (fast) Trsonr 130! 10.0 { 95 ns |
Additional Delay : : | | :
For medium fast outputs | 20 1.5 10" ns
For medium slow outputs i 1 40 ! 3.0 2.0 ; ns
For slow outputs i | 6.0 45 1 30 ns
Set-up and Hold Times [ Vo '
Output (O) to clock (OK) set-up time Took 8.05 6.0 5.5 I ns
Output (O) to clock (OK) hold time Toxo 1 0.0} 0.0 0 | ns
Clock i |
Clock High or Low time TewTeLi 5.0 4.0 4.0 ns
Global Set/Reset i
Delay from GSR net through Q to 1, 12 Taai {145 135 1351 ns
Detay from GSR net to Pad Taeo l18.0 17.0 146 ns
GSR width® Twaw 1210 | l 18.0 18.0 ns

* Timing is based on the XC4005. For other devices see XACT timing calculator.

“* See preceding page.

Notes: 1. Timing is measured at pin threshold, with 50 pF extemal capacitive loads (incl. test fixture).

2. Voltage levels of unused (bonded and unbonded) pads mus! be valid logic levels. Each can be conhgured with the
internal pull-up or pull-down resistor or alternatively configured as a dnven output or be daven from an extemal source.

3. Input pad setup times and hold times are specified with respect to the interal clock (IK). To calculale system setup time,
subtract clock delay (clock pad 1o IK) from the specified input pad setup hime value. but do not subtract below zero.
Negative hold time means that the delay in the input data 1s adequate for the extemnal system hold time to be zero,
provided the input clock uses the Global signat distnbution from pad to IK.
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CLB Switching Characteristic Guidelines

*esting of the switching parameters is modeled after testing methods specified by MIL-M-38510/605. All devices are 100% functionally
wated. Since many internal liming parameters cannot be measured directly, they are derived from benchmark timing pattems. The following
~adeines reflect worst-case values over the recommended operating conditions. For more detailed, more precise, and more up-to-date
mang information, use the values provided by the XACT timing calculator and used in the simulator.

Speed Grade, 6 -5 -4
Description Symbol | Min| Max || Min | Max{]| MinMax |Units
Combinatorial Delays
F/G inputs to X/Y outputs Two 6.0 45 40| ns
F/G inputs via H' to X/Y outputs Two 8.0 7.0 60| ns
C inputs via H' to X/Y outputs Tiw0 70 5.0 45| ns
CLB Fast Carry Logic
Operand inputs (F1,F2,G1,G4) to Cour Torcy 7.0 55 80| ns
Add/Subtract input (F3) to Coyr Tascy 8.0 6.0 55| ns
Initialization inputs (F1,F3) 1o Cour 1 6.0 40|l ™.a5| ns
Cw through function generators to X/Y outputs Tsum 8.0 6ol 1 ss| ns
Cuw o Cour, bypass function generators. Tavp 2.0 1.5 ""f 13 ns
Sequential Delays . ;*?“
Clock K to outputs Q Texo 5.0 3.0 130] ns
Set-up Time before Clock K s
F/G inputs Ticx 6.0 45 4.5] ns
F/G inputs via H' Tk 8.0 6.0 60{ ‘| ns
C inputs via H1 Traicx 7.0 5.0 50{-7 1 ns
C inputs via DIN Towek 4.0 3.0 3.0]° 7 ns
C inputs via EC Tecex 7.0 4.0 30|” ns
C inputs via S/R, going Low (inactive) Trck 6.0 4.5 404, ; ns
! Cyinputvia F/G' 8.0 6.0 5.5 : ns
i  Cwinput via F/G' and H' 10.0 7.5 73k | ns
" Hold Time after Clock K >
| F/Ginputs Tex 0 0 0 4 ns
+ F/Ginputs via H' Tcxm ] 4] L0 JRY ns
C inputs via H1 Tk 0 V] 0 ns
C inputs via DIN Tcxm (¢} (¢} 0 ns
C inputs via EC Texec 0 0 0 ns
C inputs via S/R, going Low (inactive) Texn 0 0 0 ns
Clock
Clock High time Ten 5.0 4.0 40 ns
Clock Low time TeL 5.0 4.0 4.0 ns
Set/Reset Direct
Width (High) Taew 50 4.0 4.0 ns
Delay from C inputs via S/R, going High to Q Tao 9.0 8.0 70| ns
Master Set/Reset*
Width (High or Low) Turw 21.0 18.0 18.0 ns
Delay trom Global Set/Reset net to Q Turo 33.0 31.0 280| ns

* Timing is based on the XC4005. For other devices see XACT timing calculator.




XC4000A Logic Cell Acray Family

CLB Switching Characteristic Guidelines (continued)

Testing of the switching parameters is modeled after testing methods specified by MIL-M-38510/605. All devices are 100% functionally
tested. Since many intemal timing parameters cannot be measured directly, they are derived from benchmark timing pattems. The following
guidelines reflect worst-case vaiues over the recommended operating conditions. For more detaled, more precise. and more up-to-date
timing information, use the values provided by the XACT timing calculator and used in the simulator.

CLB RAM OPTION Speed Grade -6 -5 4
Description Symbo! Min Mx Min | Max | Min | Max{Units
Wirite Operation
Address write cycle time 16x2 | Twc 9.0 8.0 8.0 ns
32x1 Twer 9.0 8.0 8.0 ns
Write Enable pulse width (High) 16x2 | Twe 5.0 40 i 4.0 ns
32x1 Twer 5.0 4.0 4.0 ns
Address set-up time before beginning of WE 16x2 | Tas 2.0 20 20 ns
J2x1 Tast 20 2.0 2.0 ns
Address hold time after end of WE 16x2 | Tan 2.0 2.0 i 2.0 ns
32x1 Tanr 2.0 | 2.0 20 ns
DIN set-up time before end of WE 16x2 | Tos a0l |l 40 [ 40 ns i
32x1 | Tost | 50 50 5.0 ns
DIN hold time after end of WE both | Towr 20 | 20 2.0 i ns
| |
Read Operation , ,
Address read cycle time 16x2 | Toe | 7.0 55 ' 5.0 ns |
32x1 { Teer 100 75 7.0{ ns
Data valid after address change 16x2 | Two | . 6.0 45 40| ns i
(no Write Enable) 32x1 | Two | | 80 7.0 60} ns |
! ) .
Read Operation, Clocking Data into Flip-Flop : .
Address setup time before clock K 16x2 | Tex | 6.0 45 ‘45 ns !
32x1 | Twex | 80 | | 6.0 L 6.0 I ns
Read Durning Write ! ! | ‘
Data valid after WE going active 16x2 | Two 120/ 10.0 | 9.0] ns .
(DIN stable before WE) 32x1 | Twor 150 12.0 110! ns |
Data valid after DIN 16x2 | Tpo 1110 9.0 8.5 ns .
(DIN change during WE) 32x1 | Toor “14.0! 11.0 110l ns !
Read During Write, Clocking Data into Flip-Flop .
WE setup time before clock K 16x2 | Twex 12.0 10.0 95 ns !
32x1 | Twexr |15.0 12.0 115 ; ns |
Data setup time before clock K 16x2 | Toex 11.0 9.0 9.0 ns °
32x1 | Toexy (140 ‘ llto 11.0 ns |

Note: Timing for the 16 x 1 RAM option is identical 1o 16 x 2 RAM timing
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CLB RAM Timing Characteristics

Tac

sooness ) & )&

READ, CLOCKING DATA INTO FLIP-FLOP
Lo

[ Tiex: TCH -
cwocx L
VALID VALID
X0,YO OUTPUTS {OLD) {NEW)
READ DURING WRITE .
Twe
WRITE ENABLE f
-1 Tom
DATA IN
(stabie during WE) x
bo- Two -
XY OUTPUTS o X 2EX VALID
DATA IN
(changs o WE) o 1)) NeEw
ta—TwO—{ Too
VALID - 5.y VAUD A Aol vauo
XY OUTPUTS (PREVIOUS) X 5 (Qu» S (NEW)

Twe 4
WRITE ENABLE / \{
Twex
TocK —]
DATAIN B * x B

XQ.YQ OUTPUTS X ,g*;:
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XC4002A Pinouts
Pin [ m' Pn Bourdt Pin Bourd
Descrption | PC 8420100} V0100 PG120 | Sean Descrption | PC 84 | PO100 ] vG100 | pGr20 | Scan Descrionon 1P 841P0100| V01001 PG120| Scan
i vce 2 o2 le89 Gl - vo 2| 0| 2o}col 9 ~ -]l -1 -1l -
VO (A8) 3 9 | 0 | G 26 SGCX2 (VO) 29 | 2¢ 21 [ A2 95 VO (06) 58 | S8 55 | Mt0 | 87
VoW s |oslo | rm] 2 O (M1 20| 25| 2 |81 o8 vo - | 50| 58 [nni]eo
- - los e jErr| - GND | 2| 22 fjcwol - VO (DS) 9 | 60 | 57 | me|es
f - — | 96° } 93° | F2* - ) (MO} R | 24 | Cit | 101t VO (C50) 60 | 61 58 { N10 | 166
| _vomo s o7 loalm} 2 vee 3} 28 ]2 o] - - - e (s e | -
! OATY) 6 | 981|950} 3 1(M2) 34 | 29| 26 | 81202t - - 163 |60 fno | -
: - -1 -1 - et - PGCr2(wvor | 35 | 30 | 27 [ci2| 1a VO (D4) 61 | 64 | 61 | me | 160
! voia12) 7 |} ]ci} 3 YO (HOC) 3% | 3| 28 | a3 0e o 62 | a5 | &2 | N8 | 12
e 8 [wo! or { D2 | @ - - -1 - }ezr] - vce 63 |6 | & -
- -l -1 ~tEl - - -1 - - len| - GND 64 | 67 | 64
- -]l -} - 18} - Vo -]l 2| 2 [012] 100 VO (03) 6s | s8 | 65
VO (A14) 9| v [os!lca! aa VO (DT 37| 33|30 lcua] 2 VO (RS) 66 | 69 | e
SGCK1(AIS. VY 10 | 2 | 9 | o3 a7 Vo 38 | aa | 31 [ €12 118 - - |70 | 6
: vee n| 3 {wol c3 i - vo 3 | 35 | 32 | 013} ne - - - -
i GND 12 4 1 Ca i - - - {3 | 33 [Freo) - VO (D2 67 { 71 | 68
PecKIavo)] 13 | s | 2 | B2 %0 - - |ar s [er] - vo 68 | 72 | o9
1O (A17) |l 6 3]’ sa o) 40 | 38 | 35 | F12 | 129 VO (D1) 9| nln
: - - - - A - VOIERR.INM | 43 | 39 | 36 | F13 | 124 | |omaxeusveom] 70 | 74 | 71
f - - R . vce 42 | a0 ! 37 lGgi2| - - - - -
" vo(TDn 1s| 7 | 4 jcs  s6 | GND 3 ) e l3s]an] - - -1 -] -
t o VOITCK) A [ B4 . S9 , VO 44 | 42 | 39 [ GI13 | 127 VO (D0 DIN) 71 { 7S n
; - - -} - lax: o vO 45 | 43 | 40 [ HI3 | 130 | |sccraoouT vy 72 | 76 | 73
I vorms) 7] 9 ! 6|85 62 - - [l o Toa] - CCLK D ERE
: vo ] w!l 7 | as 65 - - | a5 | 42" {ri2°] - vCC 74 | 76 | 75
i - -l -] - les - 0 46 | a6 | 43 lnn1 ] 1 0 (ThO) 75| 79| 78
t - - | 1l 8 { AS" ¢t vo 47 | 47 | a4 | x2a | 136 GND 7% | 80 )} 77
X vo 9] 12| o [ B8 vo a8 | a8 [ a5 | y12 [ 139 vomows |77 e | 78
i 10 20| 3, 0| a7 ] Vo 49 | 49 | a6 | 113 | 142 || PeCKavOAn [ 78 | 82 | 70
GND 21 4| 1nls - - < -] - |ki2e] - - ~f -1 -
! vece 2w |w2le . - - - -1 - Tarr| - - - -1 -
{ 10 2] 16 3] a1 7e vo 50 ] 50 | a7 | mi3] 148 VO(CS1.A2) | 79 | 83 | 80
d vo 24| 17| 1] s 77 SGCKIWO) | 51| 51 | 48 | 112 ]| 8 VO (A) 80 | 84 | &
- - e | st | ae - GND s2 | s2 | 49 [k | - VO (A4) 81 | 8s | a2
- -1 -1 - s - DONE s3 |53} so ] - VO (AS) a2 | 86 | 83| k1 | 17
VO 25| 19| 16 ]csl s veC s4 154 51 Juro] - - - |87 | 8e {m3| -
vo 26| 20 | 17 J a0 83 PROG s5 | ss [ s2 [mi2]| - - - fea [es fure ]| -
o 22| 21| w8 | 891 88 V0 (D7) 56 | s6 | sa | M| 15 VO (A6) 83 ) 89 |86} 2| 20
vo -l 2] wlanl e PGCKI(VO) | 57 | 57 | s4 | N13 | 154 VO (A7) e | 90 ez || 23
- -1 -1 - Jewi - - - b - - {2 - GND 1 {9 |88 G2 - |

® Indhcates unconnected package pins.

1 Contnbutes onty one bt () 10 the boundary sCan feg-ster.
Boundary Scan Bt 0 = TDO.T

Boundary Scan Bit t = TDO.0

8oundary Scan Bt 199 = BSCANT.UPD
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XC4000A Logic Cell Array Family

XC4003A Pinouts
" Bound Pin Bound
| Descrption PCs4 | V0100 | PO100 | PGI20 | Scan Description PCO4 | vO100 | PO100 | PGI20 | Scan
L. vce 2 89 92 G3 - GND 43 38 41 G11 -
10 (A8) 3 90 93 G1 32 YO 4 39 42 | G13 | 7
. 1O (A9) 4 91 94 F1 35 [ 45 40 43 | H13 | 160
10 - 82 95 [3] 38 Vo -~ 41 44 13 [ 163
[T - 03 96 F2 4) O -~ 42 45 | H12 | 166
VO (A10) 5 o4 97 F3 44 . W 46 43 46 | H1v | 169
L0 (A11) 6 95 98 D1 47 Vo 47 44 47 | K13 | 172
- - - - E2° ~ o 48 45 48 | 12 | 175
VO (A12) 7 96 99 C1 50 ) 49 46 49 | L13 | 78
VO (A13) [] 97 100 | D2 53 - - - - (x| -
- - - - €3 ~ - - - - J11° -
- - - - B1* ~ ) SO 47 50 | M13 | @
VO (A14) 9 98 1 c2 56 SGCK3 (0) 51 48 51 112 | 184
SGCK1 (A15,10) 10 99 2 03 59 GND 52 49 52 | Kk -
vCC 1 100 3 C3 - OONE 53 50 §3 | L1 -
GNO 12 1 4 C4 - vCcC 54 51 54 L10 -
PGCK1 (A16. VO) 13 2 5 B2 62 PROG 3 52 55 | M2 -
VO (A7) 14 3 6 B3 65 O (D7) 56 53 s6 | Mi1v | 187
- - - - A1* - PGCK3 (VO) 57 54 §7 | N13 | 190
- - - - A2* - - -~ - - Tw2r | -
VO (TD)) 15 4 7 3 68 - - - - 19° -
VO (TCK) 16 B3 8 B4 7 O (D6) 58 55 58 | M0 | 193
- - - - A3® - Vo - 56 59 | N1 | 196
VO (TMS) 17 6 9 BS 74 VO (D05) 59 57 60 My [ 199
9 18 7 10 A4 ke VO (CS0) 60 58 61 N10 | 202
) - - - 3 80 vo - 59 62 8 | 205
[ - 8 1 AS 83 vo - 60 63 N9 | 208
) 19 9 12 B6 86 VO (D4) 61 61 64 M8 | 21
VO 20 10 13 AS 89 vo 62 62 65 N8 | 214
GND 21 1 14 B7? - vCC 63 63 66 " -
vee 22 12 15 Cc? - GND 64 64 67 L7 -
VO 23 13 16 A7 92 VO (D3) 65 65 68 N1 | 217
5] 24 14 17 A8 95 VO (RS) 66 66 69 N6 | 220
" ) - 15 18 A9 98 vo - 67 70 NS 223
: Vo - - - ) 101 VO - - - M6 | 226
I Vo 25 16 19 C8 104 VO (D2) 67 68 7" L6 229
1 VO 26 17 20 | A0 | 107 9 68 69 T2 na | 232
1 VO 27 18 21 89 110 VO (D1) 69 70 73 ms | 235
! [ - 19 22 | A1 | 113 1O (RCLK-BUSYARDY) 70 7 74 N3 | 238
T - - - - B810° - - - - - "3 -
vo 28 20 23 ) 116 - - - - [ -
SGCK2 (VO) 29 21 24 a2 | e VO (DO. DIN) 71 72 75 N2 [ 241
O (M1) 30 22 25 | B11 | 122 SGCK4 (DOUT. VO) 72 73 76 M3 | 244
GND 31 23 2 | Cio - CCLK 73 74 n ] -
1 (MO) 3R 24 27 Cc1y | 1287 vece 74 75 78 [K] -
veC 33 25 28 | D1 - O (TDO) 75 76 79 -
1 (M2) 34 26 29 B12 | 1267 GND 76 7 80 K3 -
PGCK2 (WO) 35 27 30 [ ci2 | 2 VO (AD. WS) 77 78 81 2 2
VO (HDC) 36 28 31 A13 | 130 PGCK4 (A1, VO) 78 79 82 N1 s
- - - - 813° - - - - - M1° -
- - - - E1t° - - - - - 33° -
[ ~ 20 2 | D12 | 133 VO (CS1. A2) 79 80 83 K2 8
VO () 37 30 3 | Ca] 16 VO (A3) 80 81 84 L 11
) 38 31 34 E12 | 139 VO (A4) 8t 82 85 J2 14
vo 39 2 35 | D13 | 142 VO (AS) 82 [=] [ K1 17 !
VO - 33 36 F11 | 145 VO - 84 87 H3 20 |
[ k7] 37 E13 | 148 (o) - 8s 68 Ji 23 |
) 40 35 38 F12 | 15 VO (A6) 83 86 89 H2 %
VO (ERR, N 41 36 39 F13 | 154 VO (A7) 84 8?7 90 H1 2
VEC 42 37 40 | Gi12 - GNO 1 88 91 G2 -
¢ incacates unconnecied peckage ping.
1 Contributes only one bit (.i) 1o the boundary scan regsster.
Boundary Scan Bt 0 = TDO.T

Boundary Scan B4 ¥ « TDO.O
Boundary Scan BR 247 = BSCANT.UPD
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XC4004A Pinouts
™ Sourd ~ Somnt ) Sound
Descripion | pC34 | 10144 | POIOR | POI20 | Scam Ovecriy #C34 | TQ144 | POWO (PGI20| Scan Doscript PC34 | TQ144 | #Q1001 PG120{ Scan
vee 2 Jwlwalay]| - ) 2|3 23 |co}wuo - -1 -J]%]-1-
VO (AS) 3 @lwi]ar| » saoewo) 20| 0| 7 [a2] e GND -Jen {o | -1 -
1O (A9) 4 130 | 144 | A 41 O 1) V] M B | B11] 48 - - 8 | & - -
vo - 13t 145 | €1 44 GND N 38 ¥ | C1o - - ~ 18| w - -
Vo - lmlw| ]| a 1 (MO} 2| 3 | 40 ]|c1]ef YO (0% CEEEEE A ED
VO (A10) S |lwiRn| o vee Bl |ajouj - VO (C5D) 00 | 85 | o5 [Nt0] 2ae
VO (A1) 6 |alus]| o] s 142 34 | 38 | a2 |[812] 150" vo -] e lo]w]o2e
- - s iwe] - | - Paczwo) 1% | 3 | a3 [ ciz] 18 w -] e} or]we |20
- - {efsor] - | - YOMOC) |38 | 40 | a4 A3 ] 184 VO (D4) 61 | o8 | o0 | Mo | 253
GND - |37 ] - Vo - Ja | as @3] 187 v a2 | 0 | 9 | o ]2
- - - pwsa*] - - o) 42 48 | Ext | wo vce 8 | 90 ] 100 } M7 -
- -1 - Jw] -1 - o -ls}eaionz]e [ 4l fwluw]| -
YO (A12) 7 J1mlise] 1] 58 VO (IBC) 371 s | a8 jC13] tes ¥O (0% o | %2 2] N |28
YO (A1) 8 [1wfiss]oe] = - - -l -T- vo (1) 0 | % 0] ne {2
) I RIGRECER - -1 ~-1ls] -1 - ) - | 94 [ 104 N5 | 285
) - |t fisz] 8] es GND -Jas s -1 - w - | 95 | 105 | me | 268
VO (AW} 9 |elise]c2| e - - Jeoisr| - | - Vo (02) 67 | 90 |18 | s |27
sacxias o)l 10 a1l oa | n - - ler]srl -1 - ) 08 | 97 | w07 | Ne | 27e
vce 1Mjuslwolcs] - v ]| 4] salE2] 100 - - |98 Jrwe] - | -
GND 2] 1+ J1vlea] - ) 9|« |ss o - - {9 jwel - |-
PecKI(A18. VM 13| 2 | 2 [e2 | 74 w - 150 ] selenjars GND -twjuel -] -
VO (A1) uwl3l3le]|m vo - 15 {57 |enn]| - -1 - Jaeef -1
) ~ 1 4l ala] e vo 40| 52 | s8 | F1z] 18 - -1 - juer] -1 -
Vo - S S A2 (2] VO (EFR. WM 41 53 50 ) F13 | 184 VO (01) 69 t 101 | 113 | M5 | 277
VO (TOR | efe [cs|es vee 254 ]60 {G12] - |lvopax®Eimm] 70 {102 | 114 [ N3 | 280
VO (TCK) 16| 7 {7 |84 ] e GND a|ssle Jau] - (s - | 108 | 11s | me | 283
- -1 -1e1-1- v “|ss |6 [a3] e o - J104 116 ] 15 |28
- -1 -1 - ) a5 | 57 | 63 [ H13 ] 190 wmo.om | 71 |10s | 17| w2 [z
GND ~ 1 8]0 - w - 158 |68 ]| 3] 193 | [scoxemour.vn] 72 | 106 | 118 | M | 202
- - 9° 11° - [Le] - 59 65 {21 198 CCLK 73 1107 [ 119 | L4 -
- - Jw ] -1 - ) 4 | 60 | 88 [t ] 199 vee 74 1108 [120] ta | -
VO (TMS) 7]l v [nles [ () a7 ] 61 | 67 [ w13 200 © (TOO) 75 {100 [ 121 [ M2 [ -
W 18 12 14 A4 95 - - 62" | e8° - - GND 76 | 110 { 122 | K3 -~
w -] 3]s |cs| e - -Jele ] -] - ww.w [7]lmlwas]le] 2
) -1 vw].]as]wo GND -Jea ] -1 - JIreexewoan] 78 112124 N1 | s
vo 9] 15] 1wl ee| e - -1 -In1 -1~ o - J1alws{m| s
Vo 20 | 16 | 18 | a8 | 107 - - -1r] - o - Jmaji2sf | n
GND 217 |wier i - vo 4816 | 73 {2 208 vwEsiaz [ 7o [nsfwar| k2|
vee 2| w|20[c| - o 49§ 68 | 24 | L13] 20y YO (A9 CREROE XKD
0 2|19 2] ar]ro w - o7 | 75 Ixi2] 213 - - {urfee] - 1 -
Vo PR AT o M REENAIIED - -1 - 1] -] -
Vo - 21 23 A9 | 118 O 50 | & 77 1 M1a) 217 GND - 18 | 131 - -
) - J 222 [88 |19 seckao) | s1 | 70 | 78 [Li2 ] 220 - - o] - 1 -
o 25|23 |25 ]cs2 GND 2| n k| - - - {10 fuas] - | -
o) 28 )24 |28 [ar0] 12 DONE s3{7e[e | - VO (Ad) DR RED
- -l jar| - | -~ vee s« | 3 { & Juo] - VO (AS) CREETIKEAERED
~ - 28 |28 | - -~ PROG ss | 74 | &2 [ M2} - - ~ 1 - 113%] - -
GND - 27 29 - - VO (DN S8 75 83 { MIt | 223 o - - ARAR R
- -1l ~Jw]i-1T1- PpGeK3 o) | s7 | 78 | a4 [ N3 | 228 w ENEIENEE
- -t -faf-1T- o _- HEAIITIE: VO (AB) 63 125 [ 130 | w2 | 32
) 27 | 28 | 32 | 89 | 128 o) HEICITEE) VO (A7) 64 | 126 | 140 H1 | 35
v -1 2] 3 [an]w 1O (D6) se [ 70 | 62 {mol 235 GND v |G| -
w - ] % | 3 [610] 134 ) - 160 ] 08 [N 238
) -yl - [w - -1 - Jee ] -] -
L vy 0 m
1 Contritasies only one bit {J) 10 )8 DOUNGEry SCaN register.
Boundary Scan 820 = TOO.T
Boundery Scan B2 1 = TDO.O
Boundary Scan BA 295 « BSCANT.UPD

283




XC 4000A Logic Cell Array Family

XC4005A Pinouts

[ ] Pin Bound
Ovecripton PCM | TONM4 | PQ160 PG5S Description PC34 | TOI1M4 PQ208 | PGIS6 | Scan
7T v 2 128 142 H [ - 31 35 [3 ci12 161
TR 3 129 Va3 Y = B N T ~ - m

T Twan ) 130 Va4 G1 ) 28 =2 36 3 813 164
: T - 131 145 G2 SGCK2 (VO) 29 3 37 47 B14 167
) ) - 132 148 G3 O (Mt} 30 34 38 48 A5 170
‘ s = - - - GND 3 35 % 9 c13 -
T < - - - - TMO0) » 36 0 0 A6 | T3
: VO (A10Y 3 ™ V47 Fi - - - P 51 - =
Y s 134 148 F2 - - - - 52" - -
[0 - 135 149 EV - - - - 53 - ~

vO ~ 136 150 E2 - - - - 4" - -

GND - 137 15¢ F3 vee N 7 41 55 C14 -

. . - - - ~ 1(M2) 34 38 42 56 815 174
L - < - - - PGCK2 (VO) 3§ » [ 57 816 | 175
- M - - 152" D1 _ VO (HOC) 3% 40 44 58 014 176
- T - B 153° 02" ) - at [ 59 Ci1s 181

L_ VO (A1) 7 138 154 &3 - - - - - - -~
i VO (A13) ® 130 155 C) [ - a2 3 D15 184
- - - - - w - 43 47 61 €14 147

Vo = 140 156 [=] VO (LB%) 37 “ 48 62 C16 190

i ) - 141 157 03 - -~ - 49° 6 | €15’ -

) VO (AV4) 142 158 Bt - - - 50" 64’ | D16’ -

SGCK1 (A15. VO) 10 143 159 82 - ~ - - [ - ~

vCC 1 144 180 =) - - - - [ - -

= _ - - — GND - 45 3 57 3 -~

- - - - - (o) - 48 82 [7] Fi5 193

- - - - ) - 47 53 [ E18 196

Z - - . - vO 3» . sS4 70 F16 199

GND 12 1 1 [ [ £ 49 5 71 [ 202

- - - - - - - - - 72" - -

PGCK1 (A18.10) 13 2 2 83 - - - - 737 - -
VO (A7) 14 3 3 X [ ~ 0 3 74 G15 205

O - Q) a A2 [ - 1 [32 75 [0 208

(] - 5 S cs vo 0 52 58 75 H16 21

- - - - - VO (ERR. INiT) a 53 59 [ad HS 214

O (D)) 15 [) [ B4 vee 2 54 60 78 Hid <

10 (10X} 16 7 7 A3 GND 43 3 (1] 79 Jie -

- - - [ [ Vo as 56 &2 80 J18 27

— - - 9 - vo 45 57 63 81 216 220

- - - - ) - S8 64 [ K16 2

- - - - - vO - ) 65 [ K15 226

GND - [] 10 Cct - ~ - - 84" - -

vO - [) 1" 85 - - - - 85" - -

(L] - 10 12 Be Vo 46 60 68 a5 3 29

VO (TMS) 3] 1] 13 AS vO 47 61 87 o7 16 232

VO 18 2 14 c? vOo - 62 68 ) [THES3

- - - - - () 63 [ ] L1S 238

- - - - o - GND - 64 0 90 L14 -

vO - 13 15 E 87 - - - - [T - -

VO - 14 18 2 A8 - - - - [ — -

[ 19 15 (1] 2 A? - - - " [ N6 |-

vo 2 16 [ ) ] - - - 72 94° | mis® -

GND E3 17 [ 2 cs (] 48 [] n 95 P16 240

vee 2 18 20 26 =] vo 9 68 74 96 Mg | 2a4

) 3 19 i F2 [=] vO - 67 7S » WIS | 247

L") s » | = ) 80 VO - D) 7 [ PiS | 250

[ - 2t n F2) AS vo [ [ n %9 N1e | 250

[ - 2z 24 ) 810 SGCK3 (VO st 1 ™ R16 | 258

- - ~ - 3 - QND 2 71 7% P14 -

- - - - =2 - - - P - - =

) 28 D | = ) €10 DONE [ 2 ) AIs -

) 2 24 25 34 AW - - - - z ~

Vo - 2% 44 » Ay - - - - - -

o - 2 28 ) B vee 4 I 81 P13 -

GND - 27 2 F2 1 - - - - - -

- - - - 30" - P0G 3 7e ] Ate -

- - - - ) - VO (O7) S8 ™ [ Tie | 259

= - - 30 0" a12" PGCKI (VO) 5?7 7% 7] T15 262
- - M 31" « < VO - [l 3 A3 | 265
[ P2 F-) 2 < 812 = - - = ]
(5 - 2 ) « A3 VO - n [ e P12z | 28
o - 0 2 o4 AV YO(0s 58 % 7 Tia o

) g0 pin.
1 Contributes only one bit {.i) 10 the boundary scan regester.




p JE VLS

XC4005A Pinouts (continued) ‘
(o) Souns
Ovecriptens PCE YO (il ] Q208 P08 Scan
() - [ ] 114 T3 78
- - - »’ ns" I ~ |
5 5 N o [Tl BT =
- - - - 17 - -
- - - - 18" - -
GND - [ " 119 P -
) - ] « 20 A -
) < © © 2 L
VO 8) % “ ] 122 10 2
VO (CS0y ®© % 3 (£ P10 ™
- - - - 124" - -
- - - - 128° - -
) - ] [ 20 A0 200
O -~ [4 [ .4 27 Lt ] 22
VO D4 1] » » [ ) 296
) ] ® - 29 3 ]
vce < [ 00 130 R -
GND “ [0 w1 131 [ -
VO [0%) & ] ) [F) L) 301
VO (RS) [ <) ] 133 w 304
[ = e 04 138 . 07|
[ - ] 108 18 w7 30
- - - - 18" - ~
- - = - ol - <
VO (02 7 [ 108 ] [ M.
) 8 (2] 107 139 s 3
) - [0 108 140 RS 31|
2] - [ 08 141 T4 322
GND - 100 110 142 PS -
- - - - 143" - -
- - - - 144° - -
- - - XD 145" [ ~
- - - 112° 148" - -
VO (DY) [ 101 13 147 T3 325
VO (RCLX. MOV 70 192 114 148 PS 0
VO - 109 18 148 [0 =1
=) - 104 [ 150 R 4
VO (00_OM) 71 108 "7 181 P4 7
SGCX4 (DOUT, V) 72 108 18 152 72 0
cow n 107 119 153 R2 -
vCC 74 108 120 154 P -
- - - - 155" - -
- - - - 158" - -
- - - - 187" - -
- - - - 158° - -
O (TDO) 75 109 121 159 ™ -
GND 78 10 122 160 3 -
VO (AO.WS) [1d 1M1 12 [[]] Al 2
PGCKA (A1.VO) 7 12 124 162 P2 [
v - 13 128 163 [ [
vO - 114 128 184 [ 11
VO (CS1.A L) 15 127 185 P 14
VO (AY) © 1 128 108 N1 [t
- - nr 129" [l [T -
- - - 130" 168" [ -
- - - - 129" - -
- - - - 170" - -
GND - e 13 [LL) 3 -
vOo - 119 132 w2 2 2
v - 120 133 3 [X) a2
VO (A4) ) 121 134 174 X3 2
VO (AS) &2 3 135 7S K2 )
- - - - 7e" - -
~ - - 138" [Tzad - -
[ - 23 137 178 Kt 2
VO - 124 138 179 3 »
VO (A8 (=] 128 139 180 £
VO (AN ) 128 140 181 ) @
GND 1 27 141 102 3 -
. Q@ pins. Boundary Scan 8t 1 = TDO.O
Boundary Scan Bt 0 = TDO.T Boundary Scan Bit 343 =« BSCANT.UPD

2-85



XC4000A Logic Cell Array Family

For a detailed description of the device architecture, see pages 2-9 through 2-31.

For a detailed description of the configuration modes and their timing, see pages 2-32 through 2-55.
For detailed lists of package pinouts, see pages 2-57 through 2-81 through 2-85.

For package physical dimensions and thermal data, see Section 4.

Ordering Information

Example: XC4005A-5 PQ160C
Device Typg —— Temperature Range
Speed Grade Number of Pins
Package Type
Component Availability
PINS 64 100 120 | 144 | 156 | 160 | 164 ] 191 196 208 223 | 240
TOP TOP TOP
TYPE PLAST. | PLAST. | PLAST. |BRAZED | CERAM. | PLAST | CERAM | PLAST. |BRAZED | CERAM. |BRAZED | PLAST | METAL |CERAM. | METAL
pice | porp | vore | core | PGa | ToFP | PGa | PoFP | coFp | Paa | core | pofp | pare | Paa | PoFe
CODE PC84
XC4002A
XC4003A
XC4004A
XC4005A g -
| f c

C =Commercial = 0°t0 +70°C | = Ingustrial = -40° 10 +85° C M = Mil Temp 55'to;l§'c
B = MIL-STD-883C Ciass B Parentheses indicates future product plans

2-86



Power Sputters/C ombiners so e 7s0.

2 WAY-002kHzto 10 GHz

ZESG2 ZFSC2
FREQ. ISOLATION INSERTION LOSS, dB * PHASE AMPLITUDE VSWR (:1) CAPD CASE S:PRICE
RANGE <o Above 3dB - UNBAL-  UNBALANCE DATA SIME N $
MHz . x.4.'  ANCE m dB (SeeRF N
]
17> &A£ Vo ey Degrees | A, Designs | Eﬁ
’ ang-
MODEL L Me U t M® U L MU L M° U S ouT* 01 Qty.
NO. fl fu  Typ- Min. Typ. Mia Typ. Mia Typ. Max. Typ. Max. Typ. Max. Max.Max. Max. Max. Max. Max. Typ. Max. Typ. Max. Page Note B N (1-9)
ZESC-2-11 102000 19 10 18 13 20 1 05 09 05 10 06 12 1 3 6 020 030 050 - 294 V37 O 7195
ZFSC-2-1 5500 30 25 28 20 25 20 02 05 03 06 06 08 2 4 4 015 015 0.30 291 K18 or 44.95
m ZFSC2-1-75 025300 20 15 30 25 25 20 04 075 04 075 04 10 2 3 5 015 020 0.30 201 K18 or 4595
m ZFSC-2-1W-75 5600 44 26 45 30 31 20 02206 02707 04609 1 2 3 020 030 040 2-138 K18 or 50.95
ZFSC-2-1W 1750 30 20 28 20 25 20 02 05 04 08 08 10 2 4 4 015 015 0.30 2-163 K18 ar 4895
ZFSC-2-2 101000 30 20 25 20 23 18 02 05 05 10 09 12 2 4 4 015 015 030 2163 KI8 ar 5195
GHz U u u u 1 wu n u
ZFSC-2-9G 3590 18 12 20 12 05 15 06 12 7 10 0.30 050 293 JJJ142 as 59 «i
ZFSC-2-10G 20100 15 9 20 12 05 15 06 16 7 12 0.60 050 293 JJJ142 as 6995
ZFSC-2-4 02-1000 20 15 25 20 23 18 02 05 05 10 09 12 2 4 4 015 015 0.30 2-164 K18 ar 5595
ZFSC-2-5 101500 25 15 30 20 25 18 02506 05 10 08 15 2 3 4 015 020 050 enormance 2-164 K18 or 5995
4 ZFSC-2-6* 0.002-60 27 20 30 20 27 20 03 06 03 0.6* 06 10 2 3 4 015 020 0.30 p 2165 K18 ar 4995
Ml zFsC-2-6-75 000460 30 20 35 20 25 20 05 08 04 08 07 10 1 2 3 015 020 0.30 2-165 K18 ar 5195
Data and
ZFSC-2-U 102000 14 10 16 14 20 15 12 15 12 15 10 22 1 2 4 020 030 050 2-94  KI8 or 6495
A ZFSC-2-2500 102500 16 11 17 14 17 14 05 08 06 14 08 15 1 4 8 020 030 040 curves 2-94  KI8 or 7495
ZMSC-2-1 01400 20 15 25 20 25 20 02 05 04 075 06 10 2 3 4 015 020 030 232 M21 at 4995
ZMSC-2-1W 1650 25 20 35 20 25 D 03 05 05 08 07 10 2 3 4 015 020 030 232 M2L at 5495
¢ ZMSC-2-2* 000260 27 20 30 20 27 20 03 06 03 06 06 10 2 3 4 015 025 030 243 M21 at 599
ZSC2-1 01400 20 15 25 20 25 20 02 05 04 075 06 10 2 3 4 015 020 0.30 232 M22 at47%
ZSC-2-1W 1650 25 20 35 25 2520 03 05 05 08 07 10 2 3 4 015 020 0.30 232 M22 at 49P6
¢ ZSC-2-2* 000260 25 20 30 20 27 20 03 06 03 06 06 10 2 3 4 015 025 0.30 233 M2 I52 e
M zSC-2-2-75' 000260 25 20 30 20 27 20 03 06 03 06 06 10 2 3 4 015 025 0.30 296 M22 at 53
7SC-2-4 101000 25 20 35 20 25 20 02 05 05 08 07 13 2 4 6 015 020 0.30 233 M22 at52'f
m ZSC-2375 55-85 35 25 03 05 1 010 2166 M22 at 5295
m 7ZSC-2-1-75 025300 20 15 30 20 20 15 04 075 04 075 04 10 2 3 5 015 020 0.30 2-166 M22 at 4995
NOTES.
Isolation specified to 0.004 MHz
O When only specification for M range given, specification applies to
entire frequency range.
+ Atlow range frequency band (fl. to 10fL). linearly aerate maximum
input power by 13dB
m  Denotes 75 Ohm model, for coax connector models 75 Ohm BNC
connectors are standard.
A Ava*abte only with SMA connectors
A. Genera) Quality Control Procedures. Environmental Specifications. Hi- : :
Rel and MIL description are given in section 0. see ' Mmi-Circuits coaxial con ”eCt'Q”S A h
Guarantees Quality article. see case style outtne drawing fcx pin locations
B Connector types and case mounted options, case finishes are given PORT or as a
in section 0. see “Case styles & Outline Drawings*. SUM PORT 3 S 2
C. Pricesand specifications subject to change without notice. PORT 1 1 1 1
1 Absolute maximum power, voltage and current ratings; PORT 2 2 2 3
la. Matched power rating models ZAPD. ZN2PD. ZC2PD 10 Watt GNDEX1.
ZAPD-900-5W. 5W (as a spfitter). other models 1 Watt CASE GNO

Ib. Internal lood dissipation 0.125 Watt. ZAPD-900-5W. 1W max
ZN2PD-9G. 0 25W

INTERNET http://www.fnMcMCutts.com

|:| M i n i —C i rC u itS 9P.O, Bax 350166. Brooklyn, New Ybdc 11235-0003 (718) 934-4500 Fax (718) 332-4661

Distribution Centers NORTH AMERICA 800-654-7949 « 417-335-5935 « Ru 417-335-5945 « EUROPE 44-1252-835094 « Fax 44-1252-837010
ISO 9001 CERTIFIED
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2WAY-0°

Power Splitter/Conmbiners o

IMSC-2-4, ZSC-2-4 0.4 fo 400VHz
1 GMini-Circuits zsc-2-12 ] fC:)usm—careu:u zgC-2~1 { CWina-Circuats 28C-2-3
I YSOLATION i ! V S W R
g ovel © [ et AF level of O oom i et RF level of O oBm
.0 — as — 1.00
3 L T Py J =3
2 ae . . n a3 et s.40 . ;
. : —] 2 4 ' ] r2e '
e .. N 1 . 4 ‘ A LIRS ‘Y
S 7 ] 3 7 T  » .0 7
R B O (R ] S | A
E : — I é 7 L 11 > a0 - I/
; »s . 4 ,/-.————J " e o ‘l‘ 1 ‘.“-——“'- ——
" 2.0 e - i (1] N . 4. h'—'
3 1 ~ —T 1 1} S N
FREOUENECY (MH2) FREGUENCY (MM2) FREQGUENCY (MHZ)
FREQUENCY INSERTION LOSS AMPLITUDE ISOLATION FREQUENCY VSWR VSWR VSWR
(MHz) (dB) (ds) UNBALANCE (dB) £d8) (MHD) H 1 2
S $-2 -2
01 33 an 0.00 22.82 0 149 196 197
05 .24 3 0.04 35.06 [ X3 114 1.20 120
LX 325 324 0.09 9.76 10 1.14 1.16 1.16
50 3.9 315 0.04 51.44 50 1.1 1.14 1.1
10.0 .47 347 0.00 49.58 100 115 11 1.4
200 323 320 0.03 4422 200 1.16 1.1 1.9
500 33 3.2 0.03 22 500 118 1.10 1.10
1000 3.27 326 0.01 32.39 100.0 113 1.08 108
1206 330 39 0.0¢ 3084 1286 112 1.07 1.08
s 330 334 004 20.38 "7ms 1.08 1.07 107
2000 an 39 0.02 28.96 2000 1.06 1.07 1.07
2572 338 33 0.02 2045 2572 105 1.10 4.1
300.0 342 3 0.03 3146 3000 1.10 .48 116
3286 346 kX 2 0.04 . 3286 1.1% 118 120
400.0 kX 34 0.04 3403 400.0 128 124 126
IMSC-2-1W, ZSC-2-1W 1to 650MHz
st -Circuits 28C-2-1w. | GeaNint-Circuits 28C~-2~ 3k, T@mm-cuwtn 28C~2~1W.
i N N C ‘ ! ISOLATION i Vv S W R
at RF level of O a®s .ot AF level of O obm ‘et AF level of O abe
.0 v o, . 1.90 P -
- S 1 — -'%.—!!-‘ r . %‘:‘!‘_T._
g e <. R ot s1.00 —_——
2o — 1 & " O - B
g .. _— ] o AN DR ; /A
- —t— 3 s A -— P s 4 %F_
i, : i / . N . : I8
. < 2
2 " /1 § \\ D P e,
H $
E s g ™~ - \4 j .00 1 - —
- e ) ] i i s 1: ! v
T T LT T R R I R T R TE T T T § 1t
fF AEGQGUENRLCY (M) FREOUENCY (MHZ} FRAREQGQUENECECY (MHZ)
FREQUENCY INSERTION LOSS AMPLITUDE ISOLATION FREQUENCY VSWR VSWR VSWR
MH2) (a8) (o8 UNBALANCE (d8) (a8) (MHD) s 1 2
$-1 $-2 1-2
10 N 328 0.03 22.72 10 144 1.26 126
50 348 k31 0.03 3792 50 1.13 1.16 1.16
100 319 324 002 4509 100 113 1.14 1.14
200 322 324 0.02 4645 200 t14 1.4 1.14
500 i 324 0.03 37.5¢ 50.0 113 1.13 1.13
1000 39 I 0.00 3t 1000 1.13 1.92 112
1524 338 3 0.0¢ 20.72 1524 1.4 144 1.4
2000 33 338 0.02 26.74 2000 113 1.10 110
260.6 338 340 0.02 2494 260.6 144 1.07 108
3000 340 34 006 2402 300.0 118 106 1.06
3904 347 3N 0.02 264 04 118 1.03 1.03
4553 350 361 0.02 2218 4553 121 1.0 105
500 0 Jéo2 368 0.03 2204 $00.0 123 1.07 1.07
5638 368 n 0.03 233 5638 126 1.42 1.42
6500 86 1w 6.03 2388 650.0 130 199 1.48

- - - - Al
2-32 gy d MIINE=CIPCUILS ¢ cox 50166 800y new vort 112350003 (71815344500 Fan (181 232-3681

Distribution Centers. NORTH AMERICA 800-654.7949 417-335-5335 Fasx 417.335-5345

EUROPE 44-252-835094 Fax 44-252-8370'0



case styles

outline dimensions e
o A B C D E F G H J K LM N P Q R § T qm“x':; NOTES"
70 800 385 400 370 400 200 20 14 03 52§ A1.BILELB?
Aol 1056 2032 978 1016 9.40 1016 508 508 356 .79
40 S00 3% 405 210 230 . 20 M4 020 23| ALBAE1.B?
Ao03 1219 1270 991 10290 533 584 254 508 35 S|
770 800 200 210 370 400 20 20 14 03 3.7 | A1B3.ELB?
Ao4 105 2032 508 533 940 1006 S08 S08 35 79
70 800 240 250 370 . 20 20 .14 031 37| arsaerer
A0S 956 2032 610 635 94 1016 508 508 35 .79
770 800 285 310 370 400 200 .20 )4 03t 52| arBaEre?
Aos 1955 2032 724 787 940 1016 SO08 S0B 356 .79
A0 S00 240 255 210 230 .10 20 14 020 19| ArBagrp7
Al 1219 1270 610 648 433 584 254 508 35 5
480 S00 240 255 210 230 .16 00 4 20 00 19| Ar.8aE1B?
Bo2 1210 1270 610 648 533 584 406 254 356 500 S5
480 SO0 390 405 210 230 .6 100 )4 20 0D 2.3 | A1.BAELB?
B3 1219 1270 991 1029 533 584 405 254 35 508 51
770 810 380 410 00 200 .20 .14 1.0 | ALELE?
Co7 1956 2057 965 1041 .76 508 508 356
770 810 380 40 030 200 .20 .4 1.0 | ALELE?
C145 |95 2057 965 1041 76 508 508 356
1000 1025 390 430 500 525 025 300 200 09 .13 IS0 20 .4 a5 | ALE1B?
Dos 2540 2604 991 1092 1270 1334 68 162 508 229 330 38 S08 356
100D 1025 240 200 S00 525 025 300 200 09 .13 A0 .0 .4 75| Arerer
Doo 2540 2604 610 711 1270 1334 64 762 S0B 229 330 38 S08 356
1580 1420 380 410 770 810 030 200 .0 .20 .4 230 AtE18?
Evo 4013 4115 965 104) 1956 2057 76 508 254 SO08 356
200 200 .J5 100 .25 1500 125 .39 100 .50 .00 17200 { A10,
Fia S0B0 S080 19.05 2540 635 3810 318 991 2540 12.70 2540 clLD2
200 20 75 100 .13 1750 125 39 100 S0 100 1700] Al0
Fs3 s0.80 SOB0 1905 2540 330 4445 3.18 90! 2540 1270 2540 cLD2
126 100 .70 200 200 860 )25 35 63 38 50 24 | A4B1LDI7
Fi83 3200 2640 1778 S0 S08 2184 318 889 1600 9465 1270 .
125 125 75 63 .38 46 2 — 80 . 76 125 1688 218 15 .07 85.0 | Al0.AI8.B1.
G5 3175 3175 1906 1600 965 1549 — 2032 2032 1930 3.8 4288 5537 1905 1.78 DL.O?
125 125 — 63 38 8 — — — 36 125 1688 218 5 O 850 | a10.A18,
Gilaa 3175 3175 — 1600 965 1540 — = — 19.30 318 4288 £537 1905 1.78 86.06
125 125 75 &3 .38 1000 .125 1000 — - 125 1688 218 IS @ 70.00 | A10.AI8.8),
Hie 3175 3175 1905 1600 965 2540 318 2540 — — .18 4288 5537 1905 1.78 D2.D3.04
125 125 75 63 .38 1000 .125 1000 — — 125 1688 218 .75, QO7 750 | A10.A18.
Q7 3175 3175 1005 1600 965 2540 318 2540 — — 318 4288 5537 1905 178 81,0203
‘ 125 125 75 63 .38 1000 125 1000 — — 125 1688 218 25 .07 200 [ Alg.A1881,
Kis 23175 3175 1905 1600 9465 2540 18 2540 -~ — :ne 4288 5537 1905 1.78 C1.02.03
150 113 100 S0 .55 2345 138 987 25 10 31 119 -~ 6 ~ — .10 370 | As.ATILAILS,
L9 3830 2870 2540 1270 396 S956 351 2507 6350 254 787 3023 — 1676 - - 38) 82.06
225 138 124 SO IS0 3100 138 1238 325 .10 4 18 - 6 ~ — .10 740 | AGLANLAIS
L20 52°5 3506 3150 1270 38! 7874 351 3145 8255 254 1016 4724 — 1626 -~  — 381 8205
150 113 100 S0 .55 2345 138 987 250 .10 31 95 119 66 —~ -~ 150 400 [ AsAIILAIB,
M2 3830 2870 2540 1270 394 5956 351 2507 6350 254 787 1905 3023 1676 - -~ 38) 82.C1.D6
{ 225 138 124 SO IS0 3100 138 1238 325 10 40 LIS 18 6 ~ -~ 150 740 | As.AILAIR,
M22 1 S715 3505 3150 1270 381 7874 351 3145 B255 254 1006 2021 4728 1626 -~ — 38 82.C1.05
226 130 124 SO 150 3100 138 1238 325 .00 63 106 16 & ~ - .50 700 | As.A11AI8,
M23 §715 3505 3150 1270 381 7874 351 3145 8255 258 1600 2692 4140 1783 —~ — 38 82.C1.06
tolerance .xx.1 .xx+.03 .xxx+.015inch oz. = grams x.0353
* NOTES: C. pans
C1. For port morkings |, 2 and 3 see specification aato sheel.

A MATERIAL AND FINISH

Al

fliowed. Covet matenct: Cuero-nickel.

A4, Come moseral: Glurmenum alioy. Fnish: inicite per ML-C-5541
A, Cose moternal; chuminum alioy. Anigh: tiue Pant over indite.
A10. Cose motanct: aluminum alloy. Finsh: grey pont or yellow indite.
All. Cce matenal: aksminum alloy. Fingh: biue onodized.
Al8. Mountng bracke! firh: icite of Clecar onocize.

B MOUNTNG

. Mounhng bracket avaiable on request. Add suffix 8 10 part number.
82. Mounting brocket ovailable on recuest. For Dracke! mounted on

Header matenck C.RS. Pin moterial: 852 alloy. Finish: eleciro tin, hot-od  D.

connecty end oad suffix 8 to part nuMder and $5.00 to unit cost. For brocket
MOWNTBC ON the rear. 0od Sutfix BR 10 Ot NUMder and add $1.50 to un cost.
Bl RIS HOCEr QvaioDie. Request P/N 814-045-01.
84.  INKIEC DOCEr avaliabie. Request PN B-14-047-01.
86. Brocket version only.
87 Pz merecus (of header): 0.015" max

Mini-Circuits°

m—

32

CONNECTORS

D1. Connectors SMA Standard. BNC on request (no Charge). Male SMA on request,

congulit factory.

02 Wmmmmommmcunmmcm

ond Type N. consult factory. (ZAPD ~4 units not avolcbie with BNC).

D3. For Bracket Version, Option B, this ddmension, “C**, changes trom 0.75 10 0.94

inches.

D4. FTB Models avallabie: FT Models ovoiable:

*AlS temole BNC/isoiated female BNC.  *Al6 female BNC/temale BNC 75 ohrrs.

*Bl16 femole BNC/male BNC 75 ohms.

*C15 mole BNC fisolated femaie BNC.

*C16 mole SBNC/temaie BNC 75 ohms.
Connectors. BNC stondard, TNC consult factory.
Connectors: female SMA only. Male SMA availcbile on request. consult factory.
D7. For IrSC-$ o fifth connector s offered as Port 5 n-ine and 0RO of SUM(s) Port.
D17. Connectors: Female SMA only.

SPECIAL TOLERANCES
€1. Pin diometer £.005 inch.

INTERNET http/iwwew. minicircults.com

DS.
06

P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661

Distribution Centers NORTH AMERICA 800-854-7949 » 417-335-5935 * Fax 417-335-5945 « EUROPE %1252-835094 Fax 44-1252-837010
150 80071 CERTIFIED PO e WK £




outline drawings 4 Mini-Circuits’
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In Stock... Immediate Delivery

For Custom Versions Of Standard Models Consult Our Applications Dept.
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«W
«W

* oo

Surface Mount3

BP2

MODE
NO.

8P2C
8P2G
BP2P

JPS-2-1IN
JPS-2-1W
JPS-2-4
JPS-2-900

JYPS-2-4-75

LRPS2-1
IRPS-2-1-75
IRPS-2-IW-75

LRPS-2-4
LRPS-2-11
LRPS-2-25
LRPS-2-980

SCP-2-1
SCP-2-1A

SYPS-2-1

L=Ilow range (fLto 10fl

NSN GUIDE
MCINO.
MSC-2-1
PSC-2-1
PSC-2-1W
PSC-2-2
PSC-2-4
TSC2-1

RANGE

MHz

K

810-960
1420-1660
1710-1990
350-550

3-750 36 20
100-1000

400-900

51000 24 17
5-500 50 25
2-500 35 18
10650 28 22
101000 25 20
20-2000 19 15
1700-2500
800-980

0.1-400 25 15
1-550 25 20
2-500 40 20

NSN

6625-01 -124-8595
6625-00-548-0739
5985-01-190-7701
6625-01-143-2571
6625-01-2300492
5895-01 -332-8100

* units are not OPL listed

fit!
JYPS
25 18
28 20
30 20
30 20
28 17 19 16
22 16
24 18
25 20 30 18
33 24 30 23
35 25 27 20
29 24 30 20
23 16 19 14
21 15 30 15
20 16
30 18
30 20 25 20
25 20 25 20
32 20 30 20

MIL-P-23971/15*

02
o1

IfiPS

Typ. Mooc'Typ. Max.

06 0.9
06 10
0.7 10
0.25 05
05 08 04 10
05 14
05 12
04 08 04 10
02505 03 06
03008 03506
05 10 0.6 075
03 05 04 09
06 08 07 10
08 13
05 10
03 12 02 06
03 06 03 06
02 06 03 0.75

pin connections seecase styleoutline drawing tor pin locations

PORT

SUM PORT
PORT 1
PORT2
GND EXT
CASE GND
NOT USED

ak

WWAN 8
-

an

1

4

5
23.6.7.8
23.6.7.8

Blresol

ap aq
1 1
5 5
6 6

23.47.8 23.4.7.8
23.4.7.8

M = mid range (10 fLto f0'2)

O Mini-Circuits*

SYPS

‘AMPLITUDE 1 CAPD
UNBALANCE DATA

Max. Max. Max.

SCP
JjnbAlanCe
~Degrees
v
M° u!
Typ. Max. Max. Mck. Max.
3.0
3.0
3.0
30
09 14 10 20 40 0.2
50
3.0
08 15 30 40 50 02
05 12 10 20 30 015
05 10 10 20 30 015
06 12 10 20 30 015
08 15 1.0 30 50 015
08 15 20 30 50 02
10.0
30
04 11 20 20 30 015
07 13 20 20 30 0.15
06 1O 20 30 40 0.2
sn he hk
6 5 3
4 9 1
3 1 2
1.25 al other pins 456
— al other pins —

In Stock... Immediate Delivery

For Custom Versions O f Standard Models Consult Our Applications Dept.'

02
0.2
0.2

0.3
0.3
04
04

0.3

0.2
0.2
0.2

0.2
0.3
0.9
0.5

0.2
0.2

0.3

0.4

04

0.3

0.3

0.4
0.7

0.3
0.4

0.5

r# w
(see RHIF
Designer

hand-,
book) j

Page

2-129
2-130
2-130
2-131

2-138

2-118
2-139
2-139

2-120
2-132
2-132
2-133

2-92
2-92

2-133

XX211
XX211
XX211

BH292
8H292
BH292
BH292

BJ293

QQQ130
000130
000130

000130
000130
000130
000130

YY101
YY101

TIT167

t
(@]
N

Jm
im
jm

hv
hv
hv
hv

if

am
am
am

am
gn
gn
can

aq
oq

hk

PRICE
$ |
Br-j

05
ety.
<1-9)

1.29*
0.99%*
1.24—

895
895
995
995

16.95

895
895
995

1995
2495
21.95

895

1045
10.45

1295

U=upperrange (fJ2 to fj

| o dw T

N
(9]

if

78

24.5

% £5**

75
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~ Power Splitter/Combiners s

SCP-2-1 0.1 to 400 MHz
=Pani-Circusts scp-2-3 IMins-Carcuits scP-2-1 Mini-Carcuits scP-2-1 |
INSEA N LOS ‘ ISOLATION vV 8 W R
at QF jevel ©°¢ O oBm #t RF Jevel of O aoBm at RF level of O oBm N
s — : 3 yﬁ}‘\, v T v 1.3 ™Y T Q.
a . + 4 —
2 e 3 o Z -+ N;{ ‘ 1.8 $ ]
° S ! T\\ P N ] .
[ L s N N . a N, i
§ ? a ] g 01 / ) T : L% — : 1 20 \ }
z s o [T S \ N : i e
g 3.3 T 1 /] 5 .2 ? * A x > 3.18 X ::L l 7
1*] : v . H B .
g > = I 2w ; . o Q\ 1.0 ‘f_, < /'Tr\‘JYT:
" oas 21 I 2a.4 1 i 4 ¢ J ! 3.08 h"m‘( J { NS }
; = T : : E 1 i : : g 3
FREOBUENCY (Mu2) FREBUENCY lMHzl- FREQUENSC CY (Mg}
FREQUENCY INSERTION LOSS AMPLITVDE ISOLATION FREQUENCY VSWR VSWR VSWR
M) (o () UNBALANCE (dB) () VH) s 1 2
S-1 s$-2 4.2 1-2
0100 32 325 004 t 2883 0.400 146 .27 128
0200 326 327 0.04 30.54 0.200 113 "2 "2
0.500 324 3.24 0.00 3187 0.500 4.92 120 120
1.000 k¥ /] 32 001 .78 1.000 1.90 4.15 145
2,000 39 3.9 0.00 387 2,000 1.490 (KK 1.43
5000 316 316 0.00 33.47 5.000 1.40 1.9 1.9
40 000 3% 3.16 0.00 33.04 10.000 1.44 100 L1 o)
20000 kElJ 3.4 004 33.04 20.000 144 109 100
50000 319 319 0.00 3214 50.000 1.1 .08 100
400.000 324 323 0.0 29.88 400.000 1.42 108 108
102,787 3aa 32 0.02 270 102.787 1.2 408 108
413036 3n 32 0.0¢ 0% 113.036 1.42 107 1.08
433533 3 3.23 0.00 28.70 13358 142 107 107
200.000 a2 328 004 29 200.000 1.42 106 106
400 000 Jaz 356 007 244 400.000 127 1.9 1.6
SCP-2-1A 1 to 550 Mz
TIoMin-Circuits SCA-2-14 CHImani-Circunts 8CP-2-3a Govana-Circuats 8CO-2- 14
[ YNBESTION LOSS TS0. <7 20N VS w R
s et RAF level o° O OBm at RF level of O ofm at RF jevel o©* O abm
> 4. 1.99
3 Aol teo i RN ; r\\i,n.nn. f ; 1
° - BTN DS 1
’ 0 [ RS> =X B NN L= i S
H i AN . ] ¢ | T
o i
3 E N ] + / g 2 ) . :/ . Y \‘ : .80 ‘t \ ' T i 4{
== R R N
& 3 . : . 2 2> s / \ : [ ‘ R i .v: ]
4 et - S Nt e : :
Y ae ! | | e e 2e.0 Jl P \Ll : J ° e amp_mr l . :
. Tt 3 g TEO VYT T T O g ¢ S T TR T T
- - - g - a :
FREQUENTCY 142 FREQUENTC Y Mz FREGUENC Y 1Mz}
FREQUENCY INSERTION LOSS AMPUTUDE SOLANON FREQUENCY VSWR VSWR VSWR
M) (o) ) UNBALANCE (a) (B) M) S 1 2
S-1 $-2 1-2 1-2
4.000 33 3P 0.04 2645 1.000 1.4¢ 135 135
2.000 IN ¥ 0.00 28.20 2.000 109 .29 .0
5000 324 323 0.0¢ 220 5.000 100 .22 .2
10 000 324 3% 002 .59 40.000 1.0 119 1.9
20000 A a 0.00 7.3 20.000 1.0 148 a8
50 000 in 3 0.04 3404 50.000 1.0 197 147
400.000 32 324 00 280 400.000 1.4 146 146
120 000 k¥ 326 001 287 420.000 4.44 146 4.46
435000 327 30 0 29 435.000 144 15 4.15
449 000 325 326 004 27.34 449 000 142 14 4.45
164 000 3N 328 0.04 2685 464.000 4.4 414 144
479 000 an 3% 004 2.2 179.000 114 143 1.43
200 200 332 3N 004 25.81 200.000 142 142 143
275000 30 3 000 2435 275.000 1.40 1.40 110
550 000 308 35 008 4.4 550,000 1.23 125 -

- - - - )
2.92 mM'nl'C'rOU'ts PO Box 350166. Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718) 332-4661

Distribution Centers NORTH AMERICA 800-654-7949 417-335-5935 Fax 417-335-5048 EUROPE 44-252-83509¢ Fan 44-252-837010
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case styles

outiine dimensions (%

wit.
o A BCDEFGH J K LMNUPQR S Tgm|NOTES
125 15 .75 63 .39 150 1000 — 125 46 218 1688 07 .750 S0 80 .45 20 850)A8 A8
SSos 3175 3962 1905 1600 991 3810 2540 — 3.8 11.68 5537 4288 1.78 1905 1270 2032 1143 7.37 8. D¢
25 310 .20 .00 050 0S5 040 U070 276 .00 50| A4, F2
TTi00 635 787 S08 254 127 140 Y02 178 686 1.27
25 310 275 100 0S0 .055 040 070 270 .00 50] A4 FO
Thas 635 787 699 254 127 140 102 178 68 127
25 310 20 .00 050 0S5 040 070 270 050 50 | A20. 3
TT240 635 787 508 254 127 140 102 178 686 127
250 316 275 .100 0S50 .055 .04 070 270 050 50| A0, FO
TT2a 635 787 699 254 127 140 102 178 68 127
350 200 .50 .50 3350 100 .125 175 20 S5 1200 | A10. C2.
UU102 | ss90 5080 1270 381 8500 2540 318 4445 508 1397 017
850 395 .75 .250 8250 — .187 4250 .38 500 475 3475 282 | A4, D17
UU179 2159010033 1905 63520055 ~ 47510795 965 1270 1207 88.27
225 230 63 125 2125 — .25 113 .31 500 .125 2175 §1{ A4 OV7
UU18Y | s71s s2 1600 318 5398 — 318 2870 787 1270 318 524
275 280 63 .25 2625 — .125 138 .31 500 .125 2675 671 A4 D7
UU182 | 85 7112 1600 318 6668 — 318 3505 767 1270 318 67.95
600 162 88 250 5750 .810 .44 300 44 100 —~ -~ 274 | A4, D23
UU187 [1s240 4115 2235 063518605 2057 366 7620 1118 2540 — ~
350 213 .88 .150 3350 106 .125 175 44 89 o~ - 184 | A4 D23
UU188 | ss0 5610 2235 381 8500 2692 318 4445 1118 2261 —  —
400 125 .38 .125 3875 .S00 #2856 200 .19 S00 — 1.125 77 A4 D17
UU215 |10 3175 965 318 9843 1270 — 5080 483 1270 ~ 28.58
15 100 .38 .125 1375 500 #25 75 .19 .50 28.0 | AB, 88,
UU233 | 3810 2520 965 318 3293 1270 — 1905 483 1270 C2.0V7
225 126 S0 15 2100 62 126 112 .19 .50 70| A2 C2.017
UU244 | 5775 3175 1270 381 53.34 1575 318 2845 483 1270
978 313 88 200 9580 — 144 489 44 89 .20 2930 840 | Ad. D25
UU449 [2as41 7050 2235 50824333 — 36612421 1118 2261 508 7442
085 060 008 020 256 012 025 015 A13. C4 E2
VWVI105 | 216 152 20 51 650 .30 .o
020 0 020 092 08 000 008 026 015 | A13.C4. E2
WWho7 51 254 51 234 216 152 20 66 f4
18 18 -~ A0 36 050 05 005 005 07 06 .00 03 .42 15| A5 62 F19
XX112 457 457 — 1016 Q14 127 38 13 13 178 152 254 07 1040
163 202 O77 25 .2 05 OV 009 05 03 — 05 03 270 10 | A3, €2 Fis
XX2n 414 513 196 635 550 127 43 23 63 76 — 121 016 686
75 38 20 00 05 020 200 075 600 45 — 47 100 .150 16| A13. 6285
YY100 1905 965 508 25 127 51 508 191 1524 1143 — 1194 254 381 £5
75 38 20 00 050 020 200 075 600 J2 -~ .74 100 .150 16| A13 £2. €8
YYi109 1905 965 SOB 25 127 51 508 19 1524 182 — 1880 254 381 0
75 38 28 010 050 02 200 075 600 45 -~ 47 100 .150 to|Atae2rs
YY161 1905 965 711 25 127 51 508 191 1524 1'43 — 1104 254 381
126 125 75 63 38 6 2 — 800 80 J6 125 1688 218 715 07 850 | A10. A8,
2 3175 31.75 1005 1600 965 1540 — 2032 2032 1530 318 4288 5537 1905 178 8. Do
folerance .x+.1 .xx+.03 .xxx+.015inch oz. = grams x.0353
* NOTES:
A MATERIAL AND RNISH C. MARKING
Al. Heoder matenal: C.RS. Pin motencl: 52 cloy. Finish: elechro tin, hot o C2. Consecutive mariang n = NO. Of way power spiitter.
flowed. Cover motesial: Cupro-nickel. C4. RF input lead (1) idenithed by diogonally cut lead: the cut moy be 45%(ref) ¢
A4 Case matencl: ominum alioy. Finsh: indite pec MiL.-C-5541. efther drection. H may also have an odditional orentation mark. Mode!
A6. Case motenal: dluminum olioy. Finish: bilue pant over indite. dosh number identified by color dot or aiphoNUMENC COde On COse. S6e
A8, Case matenal: aluminum alloy. Finith: case ridite Heat snk. black specification data sheet.
anodize. CS. RF output & identified Dy index Mmark. model dash NuMber by clphanumenc
A10. Case material: aluminum alioy. Fineth: grey paint or yellow indite. code.
All. Case materdaol: aluminum alioy. Finish' biue anodized. D. CONNECTORS
A13. Case materal: plastic. Lead finsh: Tin or fin-lsod picte. ’ Connectors: Female Male ovaliable on request, consult
Al4. Case matencl: Cenamic or plostic, ceramic base. Terminations: ba. SMA only. SMA on -©
pallodium piatinum sives. Connectors: Female
A1S. Cose matenat: kover. Lead moterial: kovor. Finish: goid piate pér MIL-G- %_mmmmua%
Al8. Mounting bracket fingh: kidite or Clear anoaze. ¢ ??amc"'m"“"’"" Gl N standord. For other connectors consut foctory.
A20. Case matenat ceramic. Teminations: soider piate over nickel. Boord g ANCES
e0Qes straignt. £1. Pn diameter £.005 iInch. )
8. MOUNTING 22& Leod width 1+.010 lead thickness +.005 inch.
g For SCM mixers. long lead version (YY109) 8 ovalobie upon request. consutt
Bi. bracket avaiable on request. Add suffix B 1o poar NUMber. focton order short orsion Jap
87. Pin's meniscus (of heaoer) 0.015" max. £ e, - To lead (case YY101) 0dd -NL ’

88. #2-56 UNC-28 mounting holes provided to .32° deep manimum.

m Mi“i'CifC"itso PO. Box 350166,

FO0.  Not avolabie in Tape & Reel.
£1-29. Tape and reei pockaging avalabie. See Tape and Reel Pockogng
information for detalls. To order Tape & Reel version add -TR auffix 10 mode

INTERNET htp:/fwww. minicircults.com

Brooidyn, New York 11235-0003 (718) 34-4500 Fax (718) 332-4661

Distribution Centers NORTH AMERICA 800-654-7949 « 417-335-5935 « Fax 417-335-5945 « EUROPE 44-1252-835084 » Fax 44-1252-837010

- -
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ANALOGUE INPUTS

The analogue inputs IN HI, IN LO, REF Hl and REF LO are differential inputs. They respond tothe voltage
across them and not their voltage with respectto the power supply. However, no input must be higher
than 0.5V below the positive supply or lower than 1.0V above the negative supply (note thatthe DPM 3S
generates its own negative supply of approximate”™ oVbelow GND). Ifthere is any danger thatan input
'may be taken beyond the power supply rails, a series resistor MUST be fitted to limit the inputcurrent to
lessthan 100jiA. Foroptimum performance useaheating supply and connectIN LO and REF LO to COM.
This will eliminate the common mode voltage and any small errors that may occur.

APPLICATIONS

Do not connect more than one meter to the same supply if the meters cannot use the same
signal ground. Input filter should be as close as possible to the meter.

v+
OPEN.
in 3 v+
eF=1- INHI
'
INLO
J > S REFHI
V.- 5
—— Y REFLO
V-
V-

Driving battery annunciator with Measuring the ratio of two voltages.  Measuring 4-20mA to read
associated logic and low battery ~ Reading = 1000V /V2 0 + 999 (supply MUST be
oetection circuitry. sCnV * Vi «ZTCrr!

V, < 2Va
Check Lirk REF v+ Check Link REF ~t?*V+
Is doesd N Is tlosed i _g
“M 3 rv M 3
INHI INHI
INPUT . . Vin
VOLTAGE JT 2 INLO coMm
COM il INLO
REFLO
V- GND

Measuring afloating voltage source of200mV

full scale. For DPM 3S leave V- (Pin 1)
floating and connect 0V to GND (Pin 7).

Measuring a single ended input referenced
to supply (DPM 3).

SpocHictbon* may ehtng. without prior warning

Zerodisplay when applied inputis notzero,
the offset and input voltages should be
applied as shown.

v+
Check Link REF “ Tjf #3V
Is closed. - d—
r . im

IN
+200mVj y W j2
INLO

CoM

E REFLO
GND

3Lcv

Measuring a single ended input referenced
to supply (DPM 3S).

Um  issue2 JUNC9 SP.W. (APPLIESTOP.CB. DPM3I?)

Ultra Compact
11 mm Digits
Ultra Low Power

4 » Snhap-in Integral
Bezel

Single Rail Version
(DPM 3S)

3Vv2 Digit Subminiatur; LCD DPM 3

The DPM 3 uses advanced components and the late st miniaturisation techniques to produce a compact
DPM module. Miniature size meansthe module car >eintegrated intothe smallestof enclosuresfor local
indication. Its low cost means itwill suit high and low volume applications. The snap-in integral bezel
..«akes muuriutiy tfunpiw.

The DPM features auto-zero, auto-polarity, 200mV TuH Scale Reading (f.S.R), 11mm digit height and
programmable decimal points. Very low power consumption allows long battery life, making it useful in
handheld equipment. For single rail use, the DPM 3S features a builtin negative rail generator, enabling
the meter to measure a signal referenced to its own power supply 0OV.

SPECIFICATION MIN. TYP. MAX. UNIT
Accuracy (overall error) 01 % (+1 count)
Linearity +1 count
Sample rate 3 per/sec
Temperature range 0 50 °C

- Normal 200 .
Temperature stability Stype 100 ppm/°C
Supply voltage Normal V+toV-) 7 9 14 v

S-type (V+ to GND) 3 5 7
Supply current Normal 150 ma
S-type 250

Maximum D.C. input voltage +20 \%
Input leakage current (Vin = OV) 1 10 PA



DIMENSIONS Al dimensions in mm (irches)

. 40.00 (1.57) o
I - 273 (1.07) " I _.'. b c d
S
8§
\ 7
[] 1 ')
e B “wija- | )
o ireieis T | & 200%
- 355‘8;3%2’ c. 1.00 (0.04
e d. 6.00 (0.24
e e. 254 (0.10
= f. 050 (0.02
g. 6.00 (0.23
. 200 (0.08
\ T  — )
| ars (1.78) | Panel cutout
e ' 38.0 x 18.0 (1.50 x 0.71)
Panel thickness
1.0 to 2.5 (0.04 to 0.1)
PINFUNCTIONS
1. V-, DPM 3 - Negative power supply connection. DPM 3S - No connection.

2. IN LO. Negative measuring input.

3. IN HI.  Positive measuring input.

4. COM.  Ground for anaiogue seciion v AJC =. hverier, itis activery ineld at 2.8V below V+ and must
not be allowed to sink excessive curr *nt (> 100uA) by, for instance, connecting to a higher
voltage.

5. REF LO. Negative input for reference voltage.

8. REF HI. Positive input for reference voltage (connected via Link REF to internal reference).

7. GND. DPM 3 - No connection. DPM 3S 0V power supply connection.

8. V+. Positive power supply connection.

9. TEST. Connect to V+ to display segments *-1888". It should not be operated for more than a few
saconds as the D.C., voltage applied to the LCD may "burn” the display. This pin is normally
at 5V below V+ and is the ground for the digital section of the meter.

10. XDP. Annunciator Drive Waveform, this is an inversion of the LCD backplane signal.

11. BAT. (Pin notfactory fitted.) Connecting this pin to XDP (pin 10) will turn the battery annunciator
on (ensure Link BAT is open when diiving annunciator). See Applications for low battery
sensing circuit.

ON BOARD LINKS

On board links can be made with a solder link to ir }plement features.

DP1. Make to turn on DP1 (199.9).

DP2. Make to turn on DP2 (19.99).

DP3. Make to turn on DP3 (1.989).

REF. Factory made - Connects internal reference to REF HI. Should only be disconnected if using
external reference.

PANEL FITTING

Locate the meter by passing it through the front of the panel cutout, (38.0mm x 18.0mm), gently pushing
until the rear of the bezel is flush with the panel (DO NOT PUSH ON THE LCD). The snap-in lugs will now
automatically hold the meter firmly in position.

CIRCUIT DIAGRAM

8 Vo

.1“'
e

appropriate solder pad provided (see circuit diagram).

SOLDER PAD LINKS = Interconnections can be made by applying a solder link across the

COMPONENT LAYOUT - FRONT VIEW

Dgforgggment on underside

E::E S-type modules only.

SCALING
A potential divider may be used to alter the full scale reading of
the meter - see table.

Note REQUIREDF.SR.| Ra Rb
The meter will have to be 2V 910K 100K
re-calibrated by adjusting the 20V ™ 10k
calibration pot R3 atthe rear —
of the module. + 200V M 1k
*Input must not exceed Ra 2kV* ™ 100R
*250V. INPUT M 3 iNH | [2000A OR 1K
if input is to exceed +250V 1orF 2mA OR 100R
use Ra = 10M, Rb = 1k and Rb 2 20mA oR 10R
ensure that Ra is rated for - INLO m -
high voltage use. 200mA 0R 1R




Europeon reguiatory egency requirements.

0QeNnCy Gpprevels con be
INTERNATIONAL SEMES.

The MTEANATIONAL SERIES i 0 Mgh rolgdiity ling of upen-eme pover
uPPies $00:ned (0 Cperele fram the wde renge of AC power sources
found wondwide.

This feoture greotiy simplifies your Nvantery ond service CONBderotions
Oy ollowing (he yoe of one stendord power supply ragardiess of destmolion.

Additionelly, (hese models ore ¢esigned to meet gomestic ond

H you plen te distridute your Products woridwide. ablonng necessory
Qreotly simplified by epecifyng POWER-ONE, WNC

oroweErane

0LC PO RPMAS

INTERNATIONAL SERIES
DC POWER SUPPLIES

DRAWING NO. 51281

REV. L

SPECIFICATIONS

AND _APPLICATION DATA

VOLTAGE /CURRENT RATING CHART tEAILRES
- VOE tronslormer construction - Fult roted to $0°C
?, g ~ 2 05% regulotion. - Remote sense - most oulputs
> | f;t >|> > ~t - TC buned-wm to MIL~B83 Lev. B - UL recognized/CSA certified
: >Ilolo{el0o|>]& ,,>, .', 2 1 A |- Chosss notohes tor AC nput - OWP on SV oulputs
MODEL Y '2 <1313 ? ‘: 'f.* 15l ~ 3 =~ 100/120/220/230- 240 VAC = 2 how burn—n perod
SINGLE OUTPU ! = induslry stondard size - Folaback /current limil
HAS—1.5/0W- A 18 e | SEECIFICATIONS
::;z-g.;—: o g{ 8 1 AC weuT 100/120/220/230- 240 VACe +10X. -13% 07-6))1:
'l o0 8 (Derate output current 10X for SO N2 operotion
HE2=-3-A 30 8 See AC connecton tobie undger APPUCATION NOTES
HBS-3/0WP-A 30 ] for pmper mformotion Fuse wiormolion is nest
HE12-1.7-A .7 8 10 outine end mouning drowings.
::;ti‘g:: 15 8 10C outPul: Ses Voltege/Current Rotng Chort. Adiaiment ronge
HO28-1-A 1.2 ‘o g +5% minimum. (Volloge nonodjeiobie on HAD models.)
HC2-6-A 6.0 ' ¢ Jure recutanon: 2 03K for @ 10X tne chonge. (&1X for MAD models.)
:CCISZ-!)/??;A 6.0 34 g LOAD REGULATION:  + 05X fer 0 50% i00d chonge (+1% for HAD modeis )
HC15~3=A 30 Cc JOUTPUT RIPPLL: 2V to 19V outputs 5.0mV PX-PX mervium
HC24~2.4-A 2.4 ¢ 24V to 230V outpute  3.0mVe 02XVout Pr-Pk mosmum
HC28-2-A 20 c (MAD modets: 0 1RVout Pr-Pkx manemum )
£§Z:§78w-. 12,0 126 = g TRANSIENT RESPONSE 80us for @ 80 to 100X load chonge
12-6.8-A “lew SHORT CIRCUIT
Ho12-6.8 0 1ano overLOAD
H015~6-A 6.0 0
HD24~4.8-A . .8 o PROTECTION: Automatic current hmit/folddock.
HD28~4-A 40 0 | ovERVOLTAGE
HE2-18-~A 18.0 € | PROTECTION Budt- =~ on oll SV outputs  Set ct 6 2VUC +0 ev
HES~18/0WP~A 18.0 0.1 € Othe Oulouls MOy yse OPlLore — -a° H1GQE Brolectian
:g:g:;?.:-‘ ¢ 9.0 E REMOTE SENSING Provdes on most modets ope \ense 1¢00 profection
HE24~7.2-4 ‘ 7.2 ¢ Dyt =
HE28-6-A 6.0 ¢ | STaBTY 20 3% tor 24 1our perog ofter 1 Nou wOrm-ud
HNS=9/0VP-A 90 N { TEMPERATURE RATING 0°C 1o 30°C full-ated. decoted inaarty to 40% ot 70°C
HN12-8.1-A 5_“ N 12 CFV torced o cooling requred 1n meet 1IEC 38(/950
HN1S=4.8—A ~ |45 N obove 80% of totor roted output power
MN24-3.6-4 36 ~ | TEMPERATURE
. Wi%rs 3.0 N1 cOEFFICIENT 2 03%/°C maxmmum
pRuAL QUTH - .
HAAS—~1 S /OW-A EFFICIENC Y. 2V to 5V oulputls. 45X
NAMS-O(B—A .L—f IOT Ol] T :: {typicot) 12V ond 15V outputs 55X
HAA24—0.6-A alble 04 o 08l Aa 24V through 28v & 48V tnrough 250V outputs 60X
HAASI2-A ¥ aa] VBRATION Per MiL-STD-B10D.Method 514 3.Cotegory 1.Procedure |
:ﬁg-g :_: Qe 8 [ SHOCK Por Mit -STD- 8100.Miwthod: 16.3.Procedure M
oW Qe 8 o Tolerance for 2JOVAC opergtion 1 +15% -10%
HBBS-3/0vP-4 30 8o NOle  308CHicalions bEC %0 chonge without notlice
HBB15-1.5-4 DT 1) o 88
ne82e-12-4 ' 0912} 88| WARRANTY :
-A -_—
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APPLICATION NOTES:

REMOTE SENSE

Remote sense lerminals moy be used to compenecte fer eutput fine
tosses ond provide for @ remote point of reguietion. Figure | shows
the proper termingtion for ¢ power wpply with remote sensing.

POINT OF REGULATION

+ Ut

+ SENSE O ~ 1°°
~ SENSE  On

P J

FIGURE 1

Lood lines must be sized to prevent on excessive volloge drop rom the
output to the icod. Since the point of reguiction is ot the icad, the
power supply must P te for fine | Exceasive lood line
losses may offect current limiting, AC line dropout point ond OV mar-
oin (if epplicoble).

Leods should be sized to drop ~0 more than 0.5V ~ the less the better

Use of o twisted poir or shisided poir for the sense lines s recom
manded for noise immunity. In problem applicotions, the vse of o amal
AC decoupling copocitor (.1 to 10uF) ccross the sense terminals is
highty recommended. in some applications there may be

the power supply to oscilltte due to odditional phose shift cou
by the series resist ond induct in the lood ieods. The
oddition of copocitor Co will reduce output impedonce ond provide
stadbiity. The recommended volue of Co is 100uF per ompere of SOuF
per foot ond con de the sum of the distributed decoupling copecitors
found in most systams.

All Power-One supplies hove open sense lead orotection to protect the
lood from on overvolicge condition if the senss leods ore remowed.
Thers I8 no need to strop the sense termincls to the output terminals
n the locol sense mode.

OVERVOLTAGE PROTECTION (OWP)

An overvoltoge protection circuit. commonly refered to as @ crowbor,

is used to prevent domoage to voltoge sensitive loods such os TTL logic.
Trip point of the O'VP is usudlly set ot 1158 - 135K of the output
voitoge. The OVP will short the output terminois upon sensing o foult
condition. The primory fuse of the supply will blow f the supply is

not foldbock current limited. Nuisonce tripping of the OVP is o common
probiem. Noise from input line spikes or 100d noise con couse on OW
to fire. The INTERNATIONAL SERIES hos OVP noise filtering to prevent
nuisonce tripping ond reduce transformer interwinding capacitance to
minimize input line susceplibility.

COMMON-MODE LATCH UP
in certoin instonces duol power supplies con exhibit o problem known as
common—mode lotch up. This occurs when the positive supply comes up
first ond forces o reverse bios condition on the tive supply. The
negotive supply lotches up in 0 current limit condition. Power—One hos
incorporoted 0 unique onti—latch circuit iInto every dual power supply in
the INTERNATIONAL SERIES which will minimize this problem.

EMI/RA

These lineor power supplies have inherently low conducted ond rodicted
noise ievels. For most system opplicotions they wil meet the require—
ments of FCC Docket 20780 for Closs A equipment end VDE 087
Class A equipment without odditional noise fitering.

For speciol opplicotions consuit foctory.

COOLING

Convection cooling is adequote where non—restricled ok flow
ovoiloble. When operating in o fined oreo, ing olr or con-—
duction cooling | v ded.

SAFETY SPECIFICATIONS

The INTERNATIONAL SERIES power supplies wers designed 1o meet or
exceed requirements for following specificotions: IEC 380, IEC 43S,
VDE 0730 Port 2, VOE 0804, ECMA-57, CEE 10 Port 2P, UL 1012,
CSA 22.2 No. 143, CSA 22.2 No. 154. Specificolly

terminal spocing Is 5.25 mm with 9.0 mm creepoge to other metdl,
leckoge curtent is less thon S.0UA ond dislectric withstonding weitoges
ore 3750 VAC input to chossis, 3750 VAC input to output and 300 VOC
outputl to chossis.

g

O
o4 1 2 3
O
O+
AIGURE 2
' 1 3
o
FIGURE 3

Figure 2 shows g simple but undesirable tion scheme. Regulotion
ot ioads 2 ond 3 becomes progressively worse due to voitoge drops In
the finite wire resistance between loads. Figure 3 shows on
connection system in which reguiction is mainlained ot ol three loods
becouse wire losses ore not cumulictive.

AC INPUT CONSIDERATIONS

()
Aimost ol power supplies use o capacitive input filter thot drows
current only ot the peaks of the AC input woitoge. The peck to RMS
rotio con be wery high, typicolly 3 to 1. When o supply is turned on,
the Input copacitor hos a very low impedoncs ond drows on initially
high surge current untl it chorges to its nominal voltoge. The input
surge current con be as high as 20 times the roted input current and
losts for several cycies of the AC input.

AC CONNECTION AND FUSINGe

The five wire input to the INTERNATIONAL SERIES provides four voitage
ronges: 100/120/220/230—240++ +10X -13R% See chassis AC connection
table (Figure 4) for the jumpering requirements. For convenience the
jmper sequence from the Hi—Vol series is retoined. Extended low line
toleronce provides odditional drop out morgin In oreas where line
voltoges ore moarginal. inputs must be fused.

&S &

PRIMARY

&

AC INPUT, 47-63 HZ
100 |120 | 220 230/240
FOR USE AT | vac|vaC] vac v‘c
wwpER | 553 (122 | 203|243
APPLY AC [ 185 | 421 | 1&5] 44

NOTE: This product is o Closs 1 power supply ond requires the chossls
to be connected to eorth ground ot end applicotion.

«NOTE: Use 700°C iron for soldering input connections.
Vomish octs as flux ond is solder

«eNOTE: Toleronce for 230VAC cperction is +15X —10K
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GPD Series Selection Guide

GAOUND
L") a2
+
GPD SERIES LOW COST AMPLIFIERS, TO-12 PACKAGE . G crowe
Guaranteed Specificavons at 0° to 50°C Case Temperature TO-12.p 609
Power Output Ird-Order  Input Power
Frequency Noise for 1 dB Gain Gsin Intercept (1% Reg.)
Response Gsin Gain? Figure Compression Flatness Point Current

(MHz) (dB) (dB) (d8) (dBm) (1xd8) (dBm) Voltage (mA) Page
Model Minimum _ Minimum _Minimim__Typical Typicst Typlcal  Typicsl {VOC) _ Typicsi Number
GPD-201 §-200 30 26 30 +5 10 +13 +15 30 254
GPD-202 5-200 25 23 55 o1l 10 +18 *15 60 254
GPM-552 §-500 33 32 45 (¢} 02 +14 +15 k2 264
GPM-1052 §-1000 20 20 70 +8 03 +20 +15 60 268
GPD-251 5-200 25 23 40 +1 10 +10 +5 30 256
GPD-252 5-200 15 14 40 0 10 +12 +S n 257
GPD-401/-461" 5-200 13 12 40 -2 10 «9 +15 10 258
GPD-411? $-400 12 11 30 -6 1.0 +4 +15 7 263
GPD-402/-462' 5-400 13 12 8.0 -8 1.0 +18 +15 24 259
GPD-403/-463* 5400 9 8 75 16 19 +25 +24 [ 260
GPD-404/-464' 5-400 9 8 78 17 10 +26 +15 7 281
GPD-405 10-400 13 12 50 24 10 «36 +18 90 232
GPD-1001/-1061* 5-1000 12 " 60 [0} 10 12 +15 15 255
GPD-1002/-1062" §-1000 12 11 70 +6 10 ~16 +15 27 2
GPD-1003/-1063" $-1000 10 9 70 +14 10 25 +15 LH 287

NOTES. 1. The 60 Senes s the same as the standard series except that three external capacitors are required 1o establsh low frequency rci-ot
2. Minary temperature condibons —55° to +85°C

MAXIMUM RATINGS AND THERMAL CHARACTERISTICS TABLE

Maximum fatings Thermat Charactenstics'
Continuous Active Junction
AF Operating “R° Senes Transistor | Temperature MTBF
oc input Case Storage Bum-in Power Above Case |MIL-HDBK-217€,
Voltage| Power Temperature | Tempersure | Temperature i  6,c Dissipation | Temperature Ayr @ 90°C [ Weight
Model {Volts) {dBm) (°C) (°C) C) (°Cw) {mW) {*C) {Hrs) (Grams;
GPD-200 .17 +13 -5 +125 620 +i50 «125 105 33 3 1678.67 15
GPD-202 7 «13 =550 4125 £2 1 -150 +125 08 "7 12 1621478 15
GPD-251 12 +13 S50 4125 620 +15%0 +125 105105 24 2% 1,678.323 b
GPD-252 +12 +13 S50 4125 €210 +150 +125 105 .4 2 2,000.740 15
GPD-401/461 7 13 551 +125 -£2 0 +150 .125 0 14 2 2,045 316 (431) *5
2.388527 {461
GPD-402/462 17 +13 55104125 621 +150 +125 90 82 ? 2,325,901 {402) 15
2,640,329 1462)
GPO-403/463 +25 +13 55104125 65210 +150 +128 85 275 23 3,058 127 {403} 15
3,602,215 (£63)
GPD-404/-464 +17 +13 5510 +115 62 1 +150 +115 8s 330 28 2435672 (404} 15
2,512,908 (464)
GPD-40S o7 +13 51 +100 6210 +150 +100 S5 750 41 1,607.022 15
GPD41t 17 +13 551 +125 62 10 +150 #1125 1082 42 kJ 1,608,303 '8
GPM-552 -17 +17 -55 10 +100 -82 0 +100 +100 135135 85/85 12112 - 18
GPD-1001/-9061) 17 13 S50 4125 -62 10 150 125 105 ki 4 1,639,228 (1001} 15
1910397 (1061)
GPD-1002-1062] +17 +13 55104125 621D +150 125 105 816 9 1,639.228 (1002) 15
1882476 (1062)
GPD-100-1063{ +17 +13 S50 +125 -621 +150 +125 s 185 14 869,341 (1003} 15
2,101,101 {1063)
GPN-1052 7 .17 5510 +7% ~6210 +7 1 136130 125175 1623 - 15

NOTES 1 Values refer to 1st and 2nd stage transistors respectively.
2. For turther informaton, see High Reliability secton.

Aventel, inc. @ 481 Coftonwood Dnve, Mipitas. CA 95035 @ Genevat Oftoe (408) 432-3060 @ Component Sales (408) 9434296 © TWX 910-338-2206 ® FAX (408) 4323243
~253 -



Thin-Film Cascadable

QAVANTEK Amplifier Module GPD-402/462

S to 400 MHz

TYPICAL PERFORMANCE OVER TEMPERATURE (® «15 VDC uniess otherwise noted)

Gain Noise Figure Power Output
“” o * Ew
@ 10 b )
= £ '[—=J_ _ - N it S
£ sl = ) —— = gs ¢
9 . [ PRI [ - ; -2 ’
U= — et T ;s n.®§ e e [ e
3 ¢ ]
[ 100 0 00 400 0 100 200 200 0 ° 100 200 200 0
Frequency, MHz Frequency, MHz Frequency, MMz
Input VSWR Output VSWR
20 20
—. —]" 1‘
g 178 = —r by " ey it <
Z === Z s _33% ==
> > ~ —
128 .28 e
10 10
KEY: +25C ° :u: 200 ma; 00 ° m: 200 “:o 400
te requency, requency, MH2z
+85°C———~— o
~$5C—- Third-Order Intercept Point Second-Order Intercept Point
2 29
E 20 — € L]
Q ) 27 — =
e i L =N ISE=
—
[T b a 2 —
=]
17 2
° 100 200 200 00 0 100 200 300 400
Frequency, MHz Frequency, MHz
AUTOMATIC NETWORK ANALYZER MEASUREMENTS (Typicai production unit @ +25°C ambeent)

NUMERICAL READINGS BIAS = 15.00 VOLTS
FREQ VSWR GAIN PHASE PHASE GPDEL VSWR ISOoL
MH2 IN d8 DEG DEV ns out dB8
1000 163 1433 174 29 a2 00 1.45 2370
150 0 160 1423 170 90 05 18 146 2327
2000 1.56 14.24 167.76 33 20 1.45 2292
250.0 1.53 14.17 163 59 -.40 20 1.45 22.76
300.0 153 14.23 160 48 -1 19 145 2249
350.0 155 14 22 156 84 -2 18 147 2200
400 0 1.58 1409 15418 43 17 151 2179
450.0 168 1411 150 88 21 154 2128
$00.0 183 1397 146 S6 21 161 2101
550.0 2.06 13.81 14323 22 1.720 2054
600.0 233 13.76 138.65 26 182 2037
650.0 267 1338 133 97 24 197 2005
7000 3.08 1308 130 10 22 2.15 19.79
%00 360 12.74 126.17 24 2.35 1962
800.0 417 12.36 121 50 2 258 1988
S-PARAMETERS, MAGNITUDES AND ANGLES BIAS = 15.00 VOLTS

FREQ S Sa Sy San

MH2 Mag Ang dB8 Ang d8 Ang Mag Ang
100.00 235 ~1796 14333 17240 ~23.399 156 183 32
150.00 230 -178.7 14267 1708 -23.288 236 181 87
200.00 221 -1776 14297 1679 -23 158 284 183 113
250.00 209 -1733 14.225 163 6 -22.753 363 181 144
300 00 207 -168 0 14 267 160 7 -22.286 423 185 182
350.00 212 -160.8 14.253 156.9 -22.099 497 187 222
400.00 228 -154 2 14.179 154 0 =21 392 554 196 294
450 00 258 ~148 9 14178 150 5 -21.186 588 209 342
500 00 298 ~146.4 13.985 146 .4 -20.985 646 231 382
S50 00 6 -1458 13.839 1429 -20 484 67.1 259 410
600 00 400 ~147.2 13.746 1384 -20.250 73 292 41.7
650.00 457 ~150.1 13.382 1337 -20.036 781 329 411
700.00 512 -1547 13.047 130.0 -19.837 779 366 394
750 00 569 ~1597 12.735 126 1 -19672 799 406 367
800 00 617 -164 5 12.341 1214 -19 820 819 441 328

Avardek, inc. ® 481 Cottanwood Drive. Mias, CA 95035 © General Otfice (408) 432.3080 ® Component Sales (408) 3434296 ® TWX 910-336-2206 ® FAX (408) 432-3243
-259 -



9.2 Diodes and Rectifiers

Germanium

Diodes

BD1-7

The General Electric types 4JFBD1-7 are germanium back diodes which make use
of the quantum mechanical tunneling phenomenon, thereby attaining a very low
forward voliage drop and eliminating charge storage effects. They feature closely
controlled forward voltage characteristics with very small temperature coefficients.
The very low forward voltage and low capacity of the back diode make it ideal
for use in high frequency applications and in transistor and tunncl diode switch-
ing circuits. The germanium back diodes are characterized in seven types accord-
ing to the forward current at a forward voliage of 90 millivolts and according to

the maximum reverse leakage current.

absolute maximum ratings: (25°C) (wniess otherwise specified)

Part Number 1 2 3 4
Forward Current 30 15 10 5
(-55 to + 100°C)

Reverse Current 10 5 5 S

(-55 to + 100°C)
Lecad Temperature, 1716 + 1/327
from case for 10 seconds 260°C

5 6
5 5
5

7
5

5

units
ma

ma

47

AXIAL DIODE OUTLINE

electrical characteristics: (25°%C) (uniess otherwise specified)

Sym.

Forward Voltage, Vg, =90 MV = [0 mv

at lg, =
Forward Voltage at I¢: (Ig: =31¢ ) Vil
Reverse Voltage, Ip =Ip max Vai
Reverse Voltage, Ig =1 ma Vs
Reverse Peak Point Current I
Series Inductance (Measured at case) Ls
Total Terminal Capacity C

(Vg =350 mv)
Recovery Time* t,

8D1

10
120
440
+0

1
1.5
8
20
1.0

8D2

S
130
420
405

5
1.5
6
10
0.7

8D3

to

170
400

465
-

van

1.5
4
10
0.5

8D4

170
380
465

1.5

10
0.4

8DS

5
170
350
465
.05
1.5
3
10
0.4

qT -!ll
R ! ! 020

000 __l___m,w ! ‘D.W'—‘: 88!
ALl O1uERBONS 15 InCnE S
D WENSONS ANt ACFTAL«CE WL E$5 TOL LR aNCED
BD6 8D7 Units

2 .l ma

160 160 v tvp.
330 330 mv mun.
165 465 mv min.
.02 .0l ma max.
1.5 I.5nh  tyvp.
3 Ipf  tvp.

10 10 pf max.
0.4 0.4ns  typ.

*The recovery time is measured to a reverse current of 1 ma. when switching from 0.1 volt forward to 0.4 volt
reverse from a S0 ohm source. Since the back diode does ot exhibit charge storage, the recovery time is deter-
mined by the charging time of the total device capacity.

274




JAVX
How to Order

Part Number Explanation

EXAMPLE: 08051A101JATMA

0805 1 A 101 J A
Size ' Dielectric Capacitance
{L" x W") NPO = A Tolerance !
0504 X7R=C C=1.25pFt
0603 Z5U=E D = +.50 pF$ |
0805 ! Y5V=G F=%1% i
0508 Special = T G=+42%
1005 J=15% :
0907 ; i K=+10%
0612 ' i M = +20%
1206 ? Z=[+80, -20%
1505 | i P = +100%, -0%
1210 | i
1510 | i i
1805 ! | |
1808 ! !
1812 Voltage Capacitance Failure
1825 16v=Y Code Rate
2321 25V=3 (2 significant digits A = Not
2225 50V=5 + no. of zeros)"* Applicable
3640 100V =1 Examples:
200V = 2 10 pF = 100
500V = 7 100 pF = 101
600V =C 1,000 pF = 102
1000V = A 22,000 pF = 223
1500V =S 220,000 pF = 224
2000V =G 1 uF =105
2500V =W
3000V = H
4000V = J
5000V = K

$ C&D tolerances from 1.0 pF 10 9 1 pF
** For values below 10 pid, use "R" in place of
decimal point. .., 9.1 pid = 9R1.

T M A
l
i
Terminations Special
NiGuarde Code
Standard: A= Standard
T = Plated Ni T=.026"
and Soider Max. Thk
Specials: S =.022*
7 = Plated Ni Max. Thk
Gold Plated R=.018
Pd/Ag Max. Thk
Standard: P = 015°
1= Pd/Ag Max. Thk
Others
Consult AVX
Marking
Packaging
M = 7" Reel
Embossed
Tape/Marked
N = 7 Reel Paper
Tape/Marked
R = 13" Reel
Embossed
Tape/Marked
S = 13" Reel Paper
Tape/Marked
1 =7" Reel
Embossed Tape/
Unmarked
2 = 7° Reel Paper
Tape/Unmarked
3=12" Reel
Embossed Tape/
Unmarked
4 = 13" Reel Paper
Tape/Unmarked
B = Bulk/Marked

9 = Bulk/Unmarked



NPO Dielectric

General Specifications

NPO is the most popular formulation of the
“temperature-compensating,” EIA Class | ceramic
materials. Modern NPO formulations contain neo-
dymium, samarium and other rare earth oxides and
have dielectric constants between 30 and 80.

NPO ceramics offer one of the most stable capaci-
tor dielectrics available. Capacitance change with
temperature is 0 £30ppm/°C which offers consider-
ably less change at £0.3% A C from -55°C to
+125°C than other types of dielectrics at +2%. Cap-
acitance drift or hysteresis for NPO ceramics is neg-
ligible at less than £0.05% versus up to +2% for
films. Typical capacitance change with life is less
than +0.1 % for NPOs, one-fifth that shown by most
other dielectrics. NPO formulations show no aging
characteristics.

The NPO formulation usually has "Qs” in excess
of 1000 and show little capacitance or “Q” changes
with frequency. Their dielectric absorption is typically
less than 0.6% which is similar to mica and most
films.

NPO (COG) chip components meet long term capacitance
stability characteristics of critical applications.

Capacitance Range
0.5 pF to .027 NF (1.0 Vrms, 1kHz, for ~ 100 pF use 1 MHz)

Capacitance Tolerances
+.25 pF, £.5 pF, £1%, 2%, 5%, £10%, +20%
For values less than 10 pF, tightest tolerance available is £0.25 pF ("C”).
Operating Temperature Range
-55°C to +125°C
Temperature Characteristic
0 + 30 ppm/°C
Voltage Ratings
200, 100 & 50 VDC (+125°C)
Dissipation Factor
0.1% max. (+25°C and +125°C); 1.0 Vrms, 1 MHz for values ~ 100 pF. and 1kHz for values > 100 pF

Insulation Resistance (+25°C, RVDC)
100.000 megohms min. or 1000 ohm-Farads min., whichever is less

Insulation Resistance (+125°C, RVDC)
10.000 megohms min. or 100 ohm-Farads min., whichever is less

Dielectric Strength
250% of rated voltage
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NPO Dielectric
Typical Characteristic Curves
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Anmerkungen zu den Stromloufplunen
und den Schaltteillisten
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