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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, 
etc. 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 D15000B01 and C80118Z01.

II. 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.

II.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 B80118S06.



II.2. The Square Law Detector
The square law detector submodule (see NRAO drawing C80118S05) 

consists of 8 two way power divid3rs, 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 C13600S01, 
and a typical calibration curve is shown Table 1.

Table 1
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input pwr 
dBm

voltage
V

input pwr 
dBm

voltage
V

-40 .100 -30 1.08
-39 .130 -29 1.370
-38 .170 -28 1.728
-37 .210 -27 2.144
-36 .260 -26 2.646
-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



II.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 
switches. The resistors provide 50 ohm source and load impedances, 
andwere calculated as follows:
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-R-

R+50
-R----  --- + R = 50 R=30 Ohms
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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 11.2. See NRAO 
drawing C80118S04.

The amplifier sub-submodules are shown schematically in NRAO 
drawing C80118S01 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



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 0 to 50 MHz.
The equalizing filter was designed as follows:

1 Ro(b2-l ))k
C=--------------  L=------------------

(2nfr- >2L 2nfbb2( K-l)
Ro

R=Ro=(K-l) R2=------  AdB=201ogK
K-l

fr‘=frequency corresponding to A^b b=fte/fr* 
fb=frequency corresponding to AdB /2  

R o -5 0  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.

II.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 o-ri 
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 requirements 
for each switch are shown in Table 2.

TABLE 2

Switch Poj
4

3ition
5

Address

I FA down down 224
IFB down up 225
IFC up down 226
IFD up up 227



III Test Procedure
III.l Square Law Detector

A. Apply ± 15 and »- 5 volts as shown in NRAO drawing 
C80118S05.

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 
± 1 dB. Monitor the voltage readings on the front panel meters and 
make sure that they correspond to the readings listed in Table 3.

Tab3e 3 Table 4

7

RF power 
dBm

Meter reading 
counts

-40 860
-36 2144
-33 4277
-30 8440

Input Output

J15 J14
J13 J16
Jll J8
J9 J10

III.2 Analog Sum Buffer
A. Setup
These tests require the us? of an HP8407A Network analyzer, 

HP8601A Sweeper, HP11652-60009 Power divider or equivalents. These 
tests 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



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 

C80118S04.
Note: Since the analog sum buffer module consists of two 

identical channels refer to Table 5 for I/O connections.
Table 5

input BB out PP out Meter
Channel 1 J15 Jll J13 Top
Channel 2 J16 J14 J12 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 plots for each channel. Phase should be 

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



111.3 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.
111.4 Power Splitter

A. Setup network analyzer per III.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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III.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 insertion loss. It should be 10 ± 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.
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IV. APPENDIX 1
Monitor and control protocal uses DCS 0 Dataset 4

Commands

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 00B
north arm D 1100 000 ooc
west arm A 1101 000 00D
west arm B 1110 000 00E
west arm C 1111 000 OOF
west arm D 0001 0000 000 010
aux 17 0001 0001 000 Oil
aux 18 0001 0010 000 012
aux 19 0001 0011 000 013
aux 20 0001 0100 000 014
aux 21 0001 0101 000 015



1 2

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 XXXI 1XX1

Monitor
The switch monitor read backs are the same except bit 23 

monitors computer/local High=local and bits 16 to 20 monitor the 
baseband channel value.



Switch Addresses 
Addi'ess of the top switch that is hard wired to IF A of the 

DAR is '220 for command readb&ck
"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

13



FIGURES



c -
45. O

UNCAL

\

1 H  ^ -I- H4- 4 4 _H- -h -m '

T qK 
2710

TIME* 100 ma/DIV 
ENS AVG MODE. MAX/M1N

PEAK MODE

50. OMHat Noto« Readouts 
correspond t.o 
wavofonn 'C'

25. 0MHz
-45.OdBm
5.0MHz/
SOOKHz RBW

ATTN OdB
VF 3fcH*

t dB/

AVG 20



- M  ugt I flr & & d

C. -
•43. O 

dBm

47. 0 
dBm

•5 1 . 0 
dBm

r '
m4

V *M

1 1 1 1 1 1 1 1 i i i i 1 1 1- 4 I I I I - i  i i i ... i i i i . 11  l l 1 ! > 1 i 1 > i1 1 1 I I "T I I i i i t 1 1 1 1 — I I I I t  r  I I t r 1 I t l  1 I - • 1 1 - r  1 - - t i l l

O kH z

UNCAL
25.OMHz 50. OMHz

2 5 .OMHz
- 4 3 . OdBm
5 . O M H z/
500K H z RBW

ATTN OdB
VF W10E

1 d B /

AVG 5 0

TIME. 50 ms/DIV
ENS AVG MDDEt MAX/MIN

PEAK MODE

N oto« R e a d o u ts  
c o rre s p o n d  to  
w a v e fo rm  ' C '



VE x ]/ TO n,r ,Nri< »'»•
* Em K T i l l f  u  fl, r s s f  n  C O  m«:.i ,n •. «. a 46 0943



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
D80118AB02 T8 Baseband Switch Module IF Switch Rear Panel 

Silkscreen
D80118AB03 T8 Baseband Switch Module IF Switch Front Panel 

Silkscreen
A80118G01 T8 Baseband Switch Module IF Switch Firmware 
C80118M01 T8 Baseband Switch Module Analog Sum Buffer PCB Amplifier 

Drill DWG
C80118M02 T8 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
C80118S01 T8 Baseband Switch Module Analog Sum Buffer Schematic 

Diagram
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C80118S04 T8 Baseband Switch Module Analog Sum Buffer Module 
Schematic Diagram 

C80118M06 T8 Module Square Law Letector Front Panel 
C80118M07 T8 Module Analog Sum Buffer Front Panel 
C80118M08 T8 Module 3-Wide Front Panel
C80118S05 T8 Module Square Law Detector Module Schematic Diagram 
D15000B01 VLBI System Rack Interconnection Block Diagram 
D15000P01 VLBI System Rack Layout
C80118Z01 VLBI/Pulsar Multiplex RF Switch Block Diagram 

Sketch
B80118S06 T8 Module Power Supply Module Schematic Diagram
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VII. MODULE CONNECTORS



iL_ir -n_jr
J7O,,
O jio
mi o PI
jbO o o
Oju 1
o *o p °.

frn . _ITL

CONN. FUNCTION
J7
J8 IF3 Output
J9 IF4 Input

J10
Jll IF3 Input
J12
J13 EF2 Input
J14 IF1 Output
J15 EF1 Input
J16 IF2 Output

DOUBLE WIDE MODULE 
(REAR VIEW)

PI
(REAR VEW OF CONNECTOR)

SQUARE LAW DETECTOR MODULE
P ll

(42-PIN REAR)
PIN FUNCTION COMMENT PIN FUNCTION COMMENT

1 22 Detector IF4
2 23 Detector IF4 Gnd
3 24 Detector IF3
4 25 Detector IF3 Gnd
5 26
6 27
7 28
8 29
9 30
10 +5 V 31
11 32
12 33
13 34 Analog Gnd +/- 15 V
14 35 Digital Gnd +5 V
15 36
16 +15 V 37
17 -15 V 38
18 Detector IF2 39
19 Detector IF2 Gnd 40
20 Detector IF1 41
21 Detector IF1 Gnd 42



DOUBLE WDE MODULE 
(REAR VEW)

CONN FUNCTION
J7
J8
J9

J10
Jll BB out Top
J12 PP out Bottom
J13 PP out Top
J14 BB out Bottom
J15 IF in Top
J16 IF in Bottom

05"

pr
(FEAR VEW OF CONNECTOR)

ANALOG SUM BUFFER MODULE
P ll

(42-PIN REAR)
PIN FUNCTION COMMENT PIN FUNCTION COMMENT

1 22 Detector Bottom meter
2 23 Detector Gnd Bottom meter
3 24
4 25
5 26
6 27
7 28
8 29
9 30
10 +5 V 31
11 32
12 33
13 34 Analog Gnd +/-15 V
14 35 Digital Gnd +5 V
15 36
16 +15 V 37
17 -15 V 38
18 39
19 40
20 Detector Top meter 41
21 Detector Gnd Top meter 42
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E X I U N X '
XC17000 Family of 
Serial Configuration PROMs
Preliminary Product Specifications

Futures
• Extended tamily 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 dock input

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

• Cascadabie (or 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 MHz)

• 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.

v<x Vpp g n o

Figure 1. Simplified Block Diagram (doe* not show programming circuit)

Description
The XC17000 family of serial configuration PROMs (SCPs) 
provides an easy-to-use. cost-effective method for storing 
Xlinx FPGA configuration bitstreams.

When the FPGA is in master serial mode, it generates a 
configuration dock that drives the SCP. A short access time 
after the rising dock edge, data appears on the SCP DATA 
output pin that is connected to the FPGA DIN pin. The 
FPGA generates the appropriate number of dock pulses to 
complete the configuration. Once configured, it dteables 
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 Cl= input of the following device. The 
dock inputs and the DATA outputs of all SCPs in this chain 
are interconnected. AH 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.

2-231



XC17000 Serial Configuration PROM

Pin Assignments

DATA _  __
Data output, 3-stated when either CE or OE are inactive. 
During programming, the DATA pin is I/O. Note that OE can 
be programmed to be either active High or active Low.

CLK
Each rising edge on the CLK input increments the internal 
address counter, if both CE and OE are active. Note that 
OE can be programmed to be either active High or active 
Low.

RESET/OE
When High, this input holds the address counter reset and 
3-states the DATA output. The polarity of this input j)in is 
programmable as either RESET/OE or OE/RESET. To 
avoid confusion, this document describes the pin as 
RESET/0E, although the opposite polarity is possible on 
all devices except the older XC1736A.

CE
When High, this pin disables the internal address counter. 
3-states the DATA output, and forces the device into low- 
lcc standby mode.

CEO
Chip Enable output, to be connected to the CE input of the 
next SCP in the daisy chain. This output is Low when the 
CE and OE inputs are both active AND the internal address 
counter has been incremented beyond its Terminal Count 
(TC) value. In other words: when the PROM has been read, 
CEO will follow CE as long as OE is active. When OE goes 
inactive, CEO stays High until the PROM is reset. Note that 
OE can be programmed to be either active High or active 
Low.

Programming voltage. No overshoot above the specified 
max voltage is permitted on this pin. For normal read oper­
ation, this pin must be connected to Vcc. Failure to do so 
may lead to unpredictable, temperature-dependent opera­
tion and severe problems in circuit debugging. Do not 
leave Vpp floating!

VCc
Positive supply pin.

GND
Ground pin

Serial PROM Pinouts

Pin Name 8-Pin 20-Pin
DATA 1 2
CLK 2 4
RESET/OE (OE/RESET) 3 6
CE 4 8
GNO 5 10
CEO 6 14
VPP 7 17

Vcc 8 20

Capacity

Device Configuration Bits
XC1718DorL 18.144
XC1736D or L 36.288
XC1765DorL 65.536
XC17128 131.072

plus 32 bits for reset polarity control

Number of Configuration Bits, Including Header 
for all Xilinx FPGAs and Compatible SCP Type

Device Configuration Bits SCP
XC2064 12.038 XC1718
XC2018 17.878 XC1718
XC3020/3120 14.819 XC1718
XC3030/3130 22.216 XC1736
XC3042/3142 30.824 XC1736
XC3064/3164 46.104 XC1765
XC3090/3190 64.200 XC1765
XC3195 94.984 XC17128
XC4002A 31.668 XC1736
XC4003A 45.676 XC1765
XC4003H 53.967 XC1765
XC4004A 62.244 XC1765
XC4005A 81.372 XC17128
XC4005/4005H 95.000 XC17128
XC4006 119.832 XC17128
XC4008 147.544 XC17128 + XC1718
XC4010 178.136 XC17128 + XC1765
XC4013 247.960 XC17128 ♦ XC17128

XC4025 422.168 XC17128 + XC17126 • 
XC17128 + XC1736
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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 OIN 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 V ^ . Leaving Vpp open can 
lead to unreliable, temperature-dependent operation.

There are, however, two (Afferent ways to use the inputs 
CEandt5E.

1. The LCA D/P or LDC output drives both CE and <31 in 
parallel. This is the simplest connection, but it fails if a 
user applies H tsb i during the LCA configuration pro­
cess. The LCA device aborts the configuration and then 
restarts a new configuration, as int̂ rftĵ d, but the Serial 
PROM does not reset its address-rawiter, since it never 
saw a High level on its Qfnnput^foe new configuration, 
therefore, reads the ligMiqtR^/data in the PROM and 
interprets it as preamblg&phgth count etc. Since the 
LCA device is the maf&frh issues the necessary num­
ber of CCLK pulsesXpfo 16 million (2M) and D/P goes 
High. However, HA$CA configuration will be completely 
wrong, with potential 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 DIP 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
tion before D/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 I/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, or 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 One 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.

If the user-programmable, dual-function DIN pin on the 
LCA device is used only for configuration, it must still be 
held at a defined level during normal operation. The 
XC3000 and XC4000 families take care of this automati­
cally with an on-chip default pull-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 should 
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 larger 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 jeprogram 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 
I/O use of DIN.

When more than a few SCPs are daisy-chained, the 
designer must evaluate the worst-case CCLK-to-DATA 
delay resulting 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

* N Reactiack is 
Activated, a 

5-kfi Resistor is 
Required in 

Series With Ml

During Configuration 
the 5 IcQ M2 Pi*-Oown 

Resistor Overcomes the 
internal Put-Up, 

but It ARows M2 to 
be User VO.

Genetal- 
Purpoee J  
User VO

RESET

♦5 V

MO M l PWRDWN

DOUT

M2

HOC

LDC

iNTT

Other 
VO Pins

LCA
Oevioe

RESET

OIN

CCLK

UP

OPTIONAL
Daey-cftarwd
LCAswth
Different
Configurations

OPTIONAL 
Slave LCAs

Configurations 

♦5 V

Vcc
DATA

CLK

CE

OE/RESET

V«»
SCP

-J DATA 

►4 CLK

-0|C E  I
Cascaded

Serial
Memory

OE/RESET

(Low Resets the Address Pointer)

Figure 2. Master Serial Mode. The one-time programmable Serial Configuration PROM supports automatic loading oi configuration pro- 
grama. Multiple devices can be cascaded to support additional LCA devices. An early D/P inhibits the PROM data output one 
CCLK cyde before the LCA l/Os become active.
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Notes: 1. If programmed for active High Reset, tie RESET to Vqq.
2. If M2 « tied directly to ground, it should be programmed as an input during operation.
3. If the LCA is reset during configuration, it wilt abort back to initialization state* An external signal is then required to reset 

the XC17XX counters.
Figure 3. Address Counter* 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 regardless of the state of the €>£ input

Reducing Standby Current to Zero
The 0.5 mA of serial PROM standby current may be unac­
ceptable in a low-current application. It is. however, possible 
to achieve zero standby current 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 LOC 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, LOC 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 volt­
age drop of typically 100 mV on the LDC output, reducing the 
PROM supply voltage by that amount This violates the spec­
ification, but is guaranteed to work, since all PROMs are fac­

tory-tested at 4.5 V Vqq. Multiple PROMs increase the LDC 
sink current by only 0.5 mA per additional PROM.

LDC 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 levels. That 
means that the LDC 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 is 
stored in one or multiple PROMs. It is inherently impossible to 
use this design when multiple 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 algorithms 
and voltages, and the wrong choice can permanently dam­
age the device.

-Vcc
VccDATA DATA

CLK CLK
SCP CEO CE

CE
RESET/OE RESET/OE

GND GND

Daisy-chain 
to Other 

LCA Devices

RESET-

Serial
Master
Mode

VccDOUT DIN
CCLK CCLK

RESET LCA
MO
M1
M2 GND LDCr

Figure 4. Zero-Standby Current Circuit
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XC17000 Serial Configuration PROM

XC1718D, XC1736D, XC1765D, XC17128

Absolute Maximum Ratings

Symbol Description Units

Vcc Supply voltage relative to GND -0.5 to +7.0 V

Vpp
Supply voltage relative to GND: XC1718D, XC1736D. XC1765D -0.5 to +12.5 V

Supply voltage relative to GND: XC17128 -0.5 to+15.5 V

V,N Input voltage relative to GND -0.5 to Vcc +0-5 V

Vis Voltage applied to 3-state output -0.5 to V c c +0.5 V

t stg Storage temperature (ambient) -65 to +125 °C

t sol Maximum soldering temperature (10 s © 1/16 in.) +260 °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 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 Units

Vcc Commercial Supply voltage relative to GND -0 °C to +70°C 4.75 52.5 V

Industrial Supply voltage relative to GND -40°C to +85°C 4.5 5.5 V

Military Supply voltage relative to GND -55°C to +125°C 4.5 5.5 V

DC Characteristics Over Operating Condition

Symbol Description Min Max Units

v w High-level input voltage 2.0 Vcc V

v«. Low-level input voltage 0 0.8 V

VOH High-level output voltage (Iqh = -4 mA)
Commercial

3.86 V

Voc Low-level output voltage (lot = +4 mA) 0.32 V

VOH High-level output voltage (Iqh = -4 mA)
Industrial

3.76 V

VOL Low-level output voltage (lot. = +4 mA) 0.37 V

VoH High-level outpu  ̂voltage (Iqh =  -4 mA)
Military

3.7 V

VOL Low-level output voltage (l<x = +4 mA) 0.4 V

•CCA Supply current, active mode 10 mA

•ccs Supply current, standby mode 0.5 mA

«U Input or output leakage current -10 10 ma

Note: During normal read operation Vpp must be connected to Vcc
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XC1718L and XC1765L

Absolute Maximum Ratings

Symbol Description Units

Vcc Supply voltage relative to GNO -0.5 to +6.0 V

Vpp Supply voltage relative to GNO -0.5 to -t-12.5 V

V|N Input voltage with respect to GNO •6.5 to Vcc ^ -5 V

V TS Voltage applied to 3-state output -0.5 to Vcc +0 5 V

Tstg Storage temperature (ambient) -65 to +125 °C

t sol Maximum soldering temperature (10 s 0  1/16 in.) +260 •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 Operating Conditions 
is not implied. Exposure to Absolute Maximum Ratings conditions for extended periods of time may affect device retiaMity.

Operating Conditions

Symbol Description Min Max Units

Vcc Commercial Supply voltage relative to GND -0 °C to +70°C 3.0 3.6 V

Industrial Supply voltage relative to GND -40°C to +85°C 3.0 3.6 V

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

DC Characteristics Over Operating Condition

Symbol Description Min Max Units

V,H High-level input voltage 2.0 Vcc V

Vh. Low-level input voltage 0 0.8 V

VOH High-level output voltage ( Iq h  = *4 mA) 2.4 V

VOL Low-level output voltage (l^  = +4 mA) 0.4 V

■CCA Supply current, active mode 5 mA

•ccs Supply current, standby mode 0.5 mA

>L Input or output leakage current -10 10 yA

Note: During normal read operation Vpp /nosfbe connected to Vcc



XC17000 Family of Serial Configuration PROM

AC Characteristics Over Operating Conditions

Symbol Description

XC1718D,
XC1736D,
XC1765D

XC1718L,
XC1765L XC17128

UnitsMin Max Min Max Min Max
1 Thoe OE to Data Delay 45 45 50 ns
2 Tce CE to Data Delay 60 60 50 ns
3 Tcac CLK to Data Delay 150 200 60 ns
4 ^oh Data Hold From CE, OE, or CLK 0 0 0 ns
5 t df CE or OE to Data Float Delay2 50 50 50 ns
6 TCyc Clock Periods 200 400 100 ns
7 Tlc CLK Low Time3 100 100 25 ns
8 THC CLK High Time3 100 100 25 ns
9 TSCE CE Setup Time to CLK (to guarantee proper counting) 25 40 25 ns

10 ^hce CE Hold Time to CLK (to guarantee proper counting) 0 0 0 ns
11 Thoe OE High Time (guarantees counters are reset) 100 100 20 n

Symbol Description

XC1718D, 
XC1736D, XC1765D

XC1718L,
XC1765L XC17128

UnitsMin Max Min Max Min Max
12 Tcdf CLK to Data Float Delay2 50 50 50 ns
13 t ock CLK to CEO Delay f 65 65 40 ns
14 Toce CE to CEO Delay 45 45 40 ns
15 t ooe RESET/OE to CEO Delay 40 40 45 ns

Notes: 1. AC test load = 50 pF
2. Float delays are measured with minimum tester ac load and maximum dc load.
3. Guaranteed by design, not tested.
4. All ac parameters are measured with V1L = 0.0 V and V,H = 3.0 V.
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Ordering Information

Device Number

XC17128 • PC20 C
' L

Package T yp e-----------------------------------------
PD8 » 8-Pin Plastic DIP 
DD8 = 8-Pin CerOIP
PC20 = 20-Pin Plastic Leaded Chip CarTier

Operating Range/Processing 
C a Commercial/] ndustrial (-40° to + 85°C) 
M = Military (-55° to + 125°C)

Valid Ordering Combination*
XC17128PD8C 
XC17128DD8M 
XC17128PC20C

Device Number 
XC17180 
XC1718L 
XC17360 
XC1765D 
XC1765L

Package Type

XC17XXX - PC20 C
‘ L

PD8 = 8-Pin Plastic OIP 
DD8 a 8-Pin CerOIP
S 08 a 8-Pin Plastic Smafl-Outline Package 
V08 a 8-Pin Plastic Smatt-Outline Thin Package 
PC20 s 20-Pin Plastic Leaded Chip Carrier

Operating Range/Processing 
C » Commercial (0* to ♦  70°C)
I •  Industrial (-40° to + 85°)
M a Military (-55* to + 125*C)
R a Military (-55° to ♦ 125*C) with 

MIL-STD-883 Level B Equivalent 
Processing

Valid O rdering C om binations

XC1718DPD8C XC17360P08C XC17650PD8C XC1718LPD8C XC1765LPD8C
XC1718DPD8I XC1736DPD8I XC17650P08I XC1718LS08C XC1765LS08C
XC1718DS08C XC1736OSO0C XC17650S08C XC1718LV08C XC1765LV08C
XC1718DV08C XC17360V08C XC17650V08C XC1718LPC20C XC1765LPC20C
XC1718DS08I XC17360S08I XC17650S08I
XC17180V08I XC17360V08I XC17650V08I
XC1718DPC20C XC17360PC20C XC17650PC20C
XC17180PC20I XC17360PC20I XC17650PC20I

XC17360008M XC1765D0D8M
XC1765DOD8R

Marking Information
Due 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.

Device Number-----------------
XC1718D
XC1718L
XC1736D
XC1765D
XC1765L

Package Type Code ---------------------------
P = 8-Pin Plastic DIP 
D » 8-Pin CerDIP
S = 8-Pin Plastic SmaD-Outline Package 
J = 20-Pin Plastic Leaded Chip Carrier

17XXXP C
T Operating Range/Processing 

C = Commercial (0* to + 70°C) 
I *  Industrial (-40° to + 85°)
M = Military (-55° to + 125°C)
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£ X i L I N X ’ XC4000A 
Logic Cell Array Family

Product Specifications

Features

* Third Generation Field-Programmable Gate Arrays
-  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 dock or signal distribution 

network

• Flexible Array Architecture
-  Programmable logic blocks and I/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, Apollo, 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 at the low 
end of the XC4000 family 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 fines 
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. All other wide-decoder 
features are identical in XC4000 and XC4000A.

•  XC4000A outputs are specified at 24 mA, sink current, 
while XC4000outputs 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
CUB Matrix 8x 8 10 x 10 12 X 12 14 x 14
Number of CLBs 64 100 144 196Number of Flip-Flops 256 360 480 616Max Decode Inputs (per side) 24 30 36 42Max RAM Bits 2,048 3,200 4,608 6,272Number of lOBs 64 80 96 112



XC4000A Logic Cell Array Family

Absolute Maximum Ratings

Symbol Description Units

Vcc Supply voltage relative to GND -0 .5  to 7.0 V

Vin Input voltage with respect to GND -0 .5  to 7 V

V ts Voltage applied to 3-state output -0 .5  to 7 V

T stg Storage temperature (ambient) -6 5  to + 150 °C

T sol Maximum soldering temperature (10 s © 1/16 in. = 1.5 mm) + 260 CC

T j 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 Units

Vcc Supply voltage relative to GND Commercial 0°C to 70°C 4.75 5.25 V

Supply voltage relative to GND Industrial -40°C  to 85°C 4.5 5.5 V

Supply voltage relative to GND Military -55°C  to 125°C 4.5 5.5 V

VlH High-level input voltage (XC4000 has TTL-like input thresholds) 2.0 Vcc V

VlL Low-level input voltage (XC4000 has TTL-like input thresholds) 0 0.8 V

T in Input signal transition time 250 ns

DC Characteristics Over Operating Conditions

Symbol Description Min Max Units

VOH High-level output voltage ©  Io h  = -4 .0  mA. V ^  min 2.4 V

VOL Low-level output voltage ©  lot = 24 mA, V ^ , max (Note 1) 0.4 V

Icco Quiescent LCA supply current (Note 2) 10 mA

In. Leakage current -10 ♦10 uA

Cm Input capacitance (samole tested) 15 pF

Irin Pad pull-up (when selected) ©  Vin = 0V (sample tested) 0.02 0.25 mA

Irll Horizontal Long Line pull-up (when selected) ©  logic Low 0.2 2.5 mA

Note: 1. With 50% of the outputs simultaneously sinking 24 mA.
2. With no output current loads, no active input or longfine pull-up resistors, all package pins at 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% functionally 
tested. Since many internal timing parameters cannot be measured cfirectly, there derived from benchmark timing patterns. The following 
guidelines retflect worst-case values over the recommended operating conditions. For more detailed, more precise, and more up-to-date 
liming 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

. Full length, both pull-ups, T w af XC4002A 8.5 7.5 ns
I inputs from IOB l-pins XC4003A 9.0 8.0 ns

XC4004A 9.5 8.5 ns
i XC4005A 10.0 9.0 ns

Full length, both pull-ups T w afl XC4002A 11.5 10.5 ns
inputs from iptemal logic XC4003A 12.0 11.0 ns

XC4004A 12.5 11.5 ns
XC4005A 13.0 12.0 m t z ns

Half length, one pull-up T waO XC4002A 8.5 7.5 ns
inputs from IOB l-pins XC4003A 9.0 8.0 ■ W * ns

XC4004A 9.5 8.5 ns
i
i XC4005A 10.0 9.0 |7 .0  ; ns

Half length, one pull-up T w aol XC4002A 11.5 10.5 <7-5 « ns
inputs from internal logic XC4003A 12.0 11.0 ns

XC4004A 12.5 11.5 8 JS ns
XC4005A 13.0 12.0 -9.0 -3 ns

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

Speed Grade -6 -5 -4

UnitsDescription Symbol Device Max Max Max

Global Signal Distribution 
From pad through primary buffer, to any clock k T pq XC4002A

XC4003A
XC4004A
XC4005A

7.7
7.8
7.9 
8.0

5.7
5.8
5.9 
6.0

4.9
54
5.3
§rs

ns
ns
ns
ns

From pad through secondary buffer, to any clock k T sg XC4002A 8.7 6.7 6.1 ns
XC4003A 8.8 6.8 6.3 ns
XC4004A 8.9 6.9 6.5 ns
XC4005A 9.0 7.0 6.7 ns
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XC4000A Logic Cell Array Family

H orizontal L ong line S w itch in g  C h arac teris tic  G uidelines

Testing of the switching parameters is modeled after 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.

Speed Grade -6 -5 -4

UnitsDescription Symbol Device Max Max Max

TBUF driving a Horizontal Longline (L.L.)
I going High or Low to L.L. going High or Low, 
while T  is Low, i.e. buffer is constantly active

T io i XC4002A
XC4003A
XC4004A
XC4005A

8.2
8.8
9.4

10.0

6.0
6.2
6.6
7.0

4.0
4.4
5.0
5.5

ns
ns
ns
ns

I going Low to L.L. going from resistive pull-up ^102 XC4002A 8.7 6.5 4.5 ns
High to active Low, (TBUF configured as open drain) XC4003A 9.3 6.7 5.0 ns

XC4004A 9.9 7.1 5.5 ns
XC4005A 10.5 7.5 6.0 ns

T going Low to L.L. going from resistive pull-up T on XC4002A 10.1 8.4 6.8 ns
or floating High to active Low, (TUBF configured XC4003A 10.7 9.0 7.2 ns
as open drain) XC4004A 11.4 9.5 7.6 ns

XC4005A 12.0 10.0 8.0 ns

T going High to TBUF going inactive, not driving L.L T off All devices 3.0 2.0 1.8 ns

T going High to L.L going from Low to High, Tpus XC4002A 23.0 19.0 13.0 ns
pulled up by a single resistor XC4003A 24.0 20.0 14.0 ns

XC4004A 25.0 21.0 15.0 ns
XC4005A 26.0 22.0 16.0 ns

T going High to L.L. going from Low to High, TpuF XC4002A 10.5 8.5 6.5 ns
pulled up by two resistors XC4003A 11.0 9.0 7.0 ns

XC4004A 11.5 9.5 7.5 ns
XC4005A 12.0 10.0 8.0 ns
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Guaranteed Input and Output Parameters (Pin-to-Pin)
Al values listed below are tested dkectty. and guaranteed over the operating conditions. The same parameters can also be derived 
ncbrectly from the IOB and Global Buffer specifications. The XACT delay calculator uses this intfrect method. When there is a discrepancy 
setween these two methods, the directly tested values fisted below should be used, and the derived values should be ignored.

Speed Grade -6 -5 -4

UnitsDescription Symbol Device

Global Clock to Output (fast) T ickof

(Max)

XC4002A
XC4003A
XC4004A
XC4005A

14.9
15.1
15.3
15.5

12.2
12.5
12.8
13.0

11.4
11.6

ns
ns
ns
ns

Global Clock to Output (slew limited) T icko XC4002A 19.9 15.2 ns
1 XC4003A 20.1 15.5 V 4 S ns

(Max) XC4004A 20.3 15.8 ns
XC4005A 20.5 16.0 ns

j Input Set-up Time, using IFF (fast) T psuf XC4002A 2.6 2.3 ns
1 XC4003A 2.4 2.0 ns
11 (Min) XC4004A 2.2 1.7 r--V V -i ns
1 XC4005A 2.0 1.5 ns

input Hold time, using IFF (fast) TpHF XC4002A 4.9 3.7 '*3 .7 ns
XC4003A 5.1 4.0 5 /4 .0 ns

(Min) XC4004A 5.3 4.3 4.3 ns
XC4005A 5.5 4.5 ^ 4 .5 ns

, Input Set-up Time, using IFF (with delay) T psu XC4002A 21.8 18.8 J 2 .0 ns
XC4003A 21.5 18.5 J 2 .0 ns

(Min) XC4004A 21.2 18.2 J Z 0 ns
XC4005A 21.0 18.0 12.0 ns

Input Hold Time, using IFF (with delay) T ph XC4002A 0 0 . J. ! ns
XC4003A 0 0 0 ns

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

Input
Set-Up

&
Hold
Time

O

t pg

<=H >

IFF OFF

> >

Global Clock-to-Outpm Delay

Timing is measured at pin threshold, with 50 pF external 
capacitive loads (incl. test fixture). When testing fast out­
puts, only one output switches. When testing slew-rate 
limited outputs, half the number of outputs on one side of the 
device are switching. These parameter values are tested 
and guaranteed for worst-case conditions of supply voltage 
and temperature, and also with the most unfavorable clock 
polarity choice.

Tpou for -4 Speed Grade Tpickd for -4 Speed Grade
Pad to 11.12 XC4002A 17.4 ns
via transparent XC4003A 17.6 ns
latch, with delay XC4004A 17.8 ns

XC4005A 17.9 ns

Input set-up time XC4002A 15.4 ns
pad to dock (IK) XC4003A 15.6 ns
with delay XC4004A 15.8 ns

XC4005A 15.9 ns

XS283
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XC4000A Logic Cell Array Family

IOB 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 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.

-6 -5 -4

Description Symbol Min Max Min Max Min Max Units

INPUT
Propagation Delays

Pad to 11,12 T pid 4.0 3.0 2.8 ns
Pad to 11,12, via transparent latch (fast) T pli 8.0 7.0 6.0 ns
Pad to 11,12, via transparent latch (with delay) Tpo ii 26.0 24.0 *• ns
Clock (IK) to ll, 12, (flip-flop) T ikri 8.0 7.0 6.0 ns
Clock (IK) to 11,12 (latch enable, active Low) T,ku 8.0 7.0 6.0 ns

Set-up Time (Note 3) I i
Pad to Clock (IK), fast T p,ck 7.0 I | 6.0 I 4.0 ns
Pad to Clock (IK) with delay TpiCKD 25.0 I 124 .0 ** ns

Hold Time (Note 3) i i
Pad to Clock (IK), fast T ikpi 1.0 ! j 1.0 1.0 ns
Pad to Clock (IK) with delay T ik PID neg j I I neg neg ns

OUTPUT
Propagation Delays

Clock (OK) to Pad (fast) T
1 OKPOF 7.5 7.0 6.5 ns

Output (O) to Pad (fast) Topf 9.0 j I 7.0 5.5 ns
3-state to Pad begin hi-Z (slew-rate independent) T ts h z 9.0 ; ij 7.0 6.5 ns
3-state to Pad active and valid (fast) T t s o n f 13.0 i ! 10.0 9.5 ns i

Additional Delay | j
I

For medium fast outputs 2.0 1.5 1.0 ns !
For medium slow outputs 4.0 j j 3.0 2.0 Ins
For slow outputs 6.0! | 4.5 3.0 ns

Set-up and Hold Times i
i
I i

Output (0 ) to clock (OK) set-up time T o o k 8.0 6.0 5.5 ns
Output (0 ) to clock (OK) hold time T o k o 0.0 0.0 0 ns

Clock I
Clock High or Low time T ch/Tcl 5.0 4.0 4.0 ns

Global Set/Reset
Delay from GSR net through Q to 11.12 Trri 14.5 13.5 13.5 ns
Delay from GSR net to Pad Trpo 18.0 17.0 14.6 ns
GSR width* T mrw 21.0 18.0 18.0 ns

i

* 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 external capacitive loads (mcl. test fixture).

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

3. Input pad setup times and hold times are specified with respect to the internal clock (IK). To calculate system setup time, 
subtract clock delay (clock pad to IK) from the specified input pad setup time value, but do not subtract below zero. 
Negative hold time means that the delay in the input data is adequate for the external system hold time to be zero 
provided the input clock uses the Global signal distribution from pad to IK.

?-76



CUB Switching Characteristic Guidelines

*«%bnq of the switching parameters is modeled after testing methods specified by MIL-M-38510/605. Ail devices are 100% functionally 
*%tad Since many internal timing parameters cannot be measured directly, they are derived from benchmark timing patterns. The following 
,-j*3el*nes reflect worst-case values over the recommended operating conditions. For more detailed, more precise, and more up-to-date 
srvng 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 Min Max Units

Combinatorial Delays
F/G inputs to X/Y outputs T(LO 6.0 4.5 4.0 ns
F/G inputs via H‘ to X/Y outputs T iho 8.0 7.0 6.0 ns
C inputs via H’ to X/Y outputs Thho 7.0 5.0 4.5 ns

CLB Fast Carry Logic
Operand inputs (F1.F2.G1.G4) to Cout Topcy 7.0 5.5 5.0 ns
Add/Subtract input (F3) to Cout Tascy 8.0 6.0 5.5 ns
Initialization inputs (F I.F 3) to Cout TiNCY 6.0 4.0 5S&5 ns
C|N through function generators to X/Y outputs Tsum 8.0 6.0 5.5 ns
Cm to Cout. bypass function generators. Tbyp 2.0 1.5 'His ns

Sequential Delays
Clock K to outputs Q Tcko 5.0 3.0 3.0 ns

Set-up Time before Clock K
F/G inputs T ick 6.0 4.5 4.5 •** ns
F/G inputs via H‘ Tihck 8.0 6.0 6.0 ns
C inputs via H1 Thhck 7.0 5.0 5.0 ns
C inputs via DIN Tdick 4.0 3.0 3.0 ns
C inputs via EC Tecck 7.0 4.0 3.0 ns
C inputs via S/R. going Low (inactive) Trck 6.0 4.5 4.0 ns

! C,N input via F/G' 8.0 6.0 5.5 ns
i C|N input via F /G ’ and H’ 10.0 7.5 7.3 ns

! Hold Time after Clock K
! F/G inputs "̂ cki 0 0 0 - ns

F/G inputs via H* TCKIH 0 0 0 _ .. . -!i ns
C inputs via H I ^CKHH 0 0 0 ns
C inputs via DIN TCkdi 0 0 0 ns
C inputs via EC T

CKEC 0 0 0 ns
C inputs via S/R, going Low (inactive) T ckr 0 0 0 ns

Clock
Clock High time Tch 5.0 4.0 4.0 ns
Clock Low time Tcl 5.0 4.0 4.0 ns

Set/Reset Direct
Width (High) T rpw 5.0 4.0 4.0 ns
Delay from C inputs via S/R, going High to Q T rio 9.0 8.0 7.0 ns

Master Set/Reset*
Width (High or Low) Tmrw 21.0 18.0 18.0 ns
Delay from Global Set/Reset net to Q Tmrq 33.0 31.0 28.0 ns

* Timing is based on the XC4005. For other devices see XACT timing calculator.
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XC4000A Logic Cell Array 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 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.

CLB RAM OPTION Speed Grade -6 -5 -4

Description Symbol Min Max Min Max Min Max Units

Write Operation
Address write cycle time 1 6 x 2 Twc 9.0 8.0 8.0 ns

32 x 1 Twct 9.0 8.0 8.0 ns
Write Enable pulse width (High) 1 6 x 2 Twp 5.0 4.0 ; 4.0 ns

32 x 1 Twpt 5.0 4.0 ! 4.0 ns
Address set-up time before beginning of WE 1 6 x 2 Tas 2.0 2.0 2.0 ns

32 x 1 Tast 2.0 2.0 | 2.0 ns
Address hold time after end of WE 1 6 x 2 Tah 2.0 2.0 j 2.0 ns

32 x 1 Taht 2.0 j 2.0 1 2.0 ns
DIN set-up time before end of WE 1 6 x 2 Tds 4.0 I 4.0 i 4.0 ns j

32 x 1 Tost 5.0 5.0 j 5.0 ns
DIN hold time after end of WE both Tdht 2.0 2.0 j 2.0

I

ns j

Read Operation
1

1 |
Address read cycle time 1 6 x 2 Trc 7.0 5.5 ! 5.0 ns i

32 x 1 T rct 10.0 7.5 7.0 ns :
Data valid after address change 1 6 x 2 T,lo 6.0 4.5 4.0 ns i
(no Write Enable) 32 x 1 Two 8.0 7.0 6.0 ns |

Read Operation, Clocking Data into Flip-Flop "
Address setup time before clock K 16 x2 T:Ck 6.0 4.5 : 4.5 ns ;

32 x 1 T ihCK 8.0 6.0 : 6.o ns i
Read During Write I i

Data valid after WE going active 1 6 x 2 Two 12.01 10.0 9.0 ns :
(DIN stable before WE) 32 x 1 Twot 15.0 j 12.0 11.0 ns !
Data valid after DIN 1 6 x 2 Too 11.0 9.0 6.5 ns ;
(DIN change during WE) 32 x 1 Toot 14.0 11.0 11.0 ns !

Read During Write. Clocking Data into Flip-Flop
WE setup time before clock K 1 6 x 2 Twck 12.0 10.0 9.5 ns ;

32 x 1 Twckt 15.0 12.0 11.5 ns .
Data setup time before clock K 1 6 x 2 T qck 11.0 9.0 9.0 ns !

32 x 1 T dckt 14.0
- -

11.0 11.0 ns I

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

AOORESS

WRITE

WRITE ENABLE

DATAM

READ

•Tas -Twp •

TOS-
\

-Tah -

-Ton

REQUIRED

X.Y OUTPUTS VAUO

READ, CLOCKING DATA INTO FLIP-FLOP
f----- ------- T«x-

CLOCK

XO.YQ OUTPUTS VAUO
<OU»

VAUO

-TCH-

•Tam

X I VALID
(NEW)

READ OURINQ WRITE

WRITE ENABLE

DATA IN 
(statu* during WE)

X.Y OUTPUTS

DATA IN 
(changing during WE)

XY OUTPUTS

READ DURING WRITE, CLOCKING DATA INTO FUP-FLOP

WRITE ENABLE ^
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CLOCK
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-----T o ® — *
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XC4002A Pinouts

Pin Bound
OHcnption P C M POIOO VOIOO PG120 Scan

VC C 2 9 2 8 9 G 3 -

lO ( A 8 ) 3 9 3 9 0 G1 2 6

l/0 ( A 9 ) 4 9 4 91 F l 2 9

- - 9 5 * 9 2 ’ E l * -

- - 9 6 ' 9 3 * F 2 * -

j V O (A IO ) S 9 7 9 4 F 3 3 2

* WO ( A l l ) 6 9 8 9 5 0 1 3 5

- - - - 6 2 * -

! V O (A 1 2 ) 7 9 9 9 6 C l 3 8

| t O  (A  13) 8 100 9 7 0 2 41

j - - - E 3 * -

- - - - B 1 * -

| VO (A 14 ) 9 1 9 8 C 2 4 4

' SGCK1 (A 1 5 . I/O ) 10 2 9 9 0 3 4 7

j VC C 11 3 100 C 3 -

i GNO 12 4 1 C 4

PGCK1 (A 16. I/O ) 13 5 2 B2 50

t'O  (A 17 ) 14 6 3 8 3 5 3

- - - - A 1 * -

I
- - - A 2 * -

I/O  (TOO 15 7 4 C 5 56

! I/O  (T C K ) 16 8 5 B4 S9

; - - - A 3* -

! I/O  (T M S ) 17 9 6 6 5 6 2

VO 18 10 7 A4 6 5

- - - C 6 * -

- 11* 8 * A 5* -

I/O 19 12 9 B6 68

1 0 2 0 13 10 A 6 71

C N O 21 14 11 B 7 -

vcc 22 ’ S 12 C 7 -

I O 23 16 13 A 7 74

IX ) 24 17 14 A 8 77

- - 18* 15* A 9 * -

- - - - 8 8 * -

I/O 25 19 16 C 8 8 0

I/O 26 20 17 A 1 0  i 8 3

i/O 2 7 21 18 CD <0 8 6

I/O - 22 19 A l l  1 89

- - - - B IO * | -

Pin
OMcnpDon P C M POIOO VOIOO 25 18

B o w d
S o n

VO 28 2 3 20 C 9 92

S G C K 2  (VO) 2 9 24 21 A 1 2 95

0  ( M l) 30 25 22 B11 98

G N O 31 2 8 23 C IO -
1 (MO) 32 27 24 C11 1 0 1 t

vcc 3 3 28 25 O i l -
I(M 2 > 34 2 9 2 6 B 1 2 i c e t

P G C K 2  (VO) 35 3 0 27 C 1 2 103

I/O  (H O C ) 36 31 28 A 1 3 106

- - - - 8 1 3 * -
- - - - E l l * -

I/O - 32 29 0 1 2 109

V O (LD C ) 3 7 33 3 0 C 1 3 112

VO 38 34 31 E 12 115

VO 3 9 3 5 32 0 1 3 118

- - 36 * 3 3 * F i t * -
- - 37* 34* E 13* -

VO 40 3 8 35 F12 121

I/O  l£AA. iNfn 41 39 36 F13 124

vcc 42 4 0 37 G 1 2 -
G N O 43 41 3 8 G 11 -

VO 44 42 39 G 1 3 127

VO 4 5 43 4 0 H 1 3 130

- - 4 4 * 41 * J 1 3 * -
- - 4 5 * 4 2 * H 1 2 * -

I/O 46 46 43 H 1 1 133

I/O 4 7 47 44 K 1 3 136

VO 4 8 48 45 J1 2 139

VO 49 49 46 L13 142

- - - - K 1 2 * -
- - - - J 1 1 * -

VO SO 50 47 M 1 3 145

S G C K 3  (VO) 51 51 48 1 1 2 148

G N O 52 52 49 K11 -
D O N E 5 3 53 SO L 1 1 -
V C C 54 54 51 L 1 0 -
PROG 5 5 55 52 M 12 -

VO  (0 7 ) 5 6 56 5 3 M i l 151

P G C K 3  (VO ) 5 7 57 S4 N 1 3 154

- - - - N 1 2 * -

Pin
Description P C M PQ100

1
V 0100IPG 120

Bound
Scan

- - . . L 9 .

VO  (0 6 ) 5 6 58 5 5 M 1 0 157

VO - 5 8 5 6 N11 160

V O  (0 5 ) 5 0 6 0 57 M 9 163

V O (C S G ) 6 0 61 5 8 N 1 0 166

- - 6 2 * 5 9 * L 8 * .

- - 6 3 * 6 0 * N 9 " -

V O  (0 4 ) 61 6 4 61 M 6 169

VO 6 2 6 5 6 2 N 8 172

vcc 6 3 6 6 6 3 M 7 -

G N O 6 4 6 7 6 4 L 7 -

V O  (0 3 ) 6 5 6 8 6 6 N 7 175

V O  (AS) 6 6 6 9 6 6 N 6 178

- - 70* 6 7 * N 5 * -

- - - - M 6 * -

V O  (0 2 ) 6 7 71 6 8 L 6 181

VO 6 8 72 6 9 N 4 184

1 /0 ( 0 1 ) 6 9 73 7 0 M S 187 1

W(WXK-8U5V*CY1 70 74 71 N 3
—

190

- - - - M 4 ‘ -

- - - - L 5 * -  1

I/O  (0 0 .  O IN ) 71 75 72 N 2 193 1

SGCK4 (DOUT. VO) 72 76 73 M 3 196 1
C C L K 7 3 77 74 L 4 -  1
V C C 7 4 78 75 L3

1

O  (T O O ) 7 5 79 7 6 M 2 -

G N O 7 6 8 0 77 K 3 -

VO  (AO. W 5) 7 7 81 78 L 2 2

P G C K 4  (V O .A 1) 7 8 82 7 9 N1 5

- - - - M l * -

- - - - J 3 * _

I/O  (C S 1 . A 2 ) 7 9 83 8 0 K 2 8  1
I /O  (A 3 ) 8 0 8 4 81 L I 11 i
I /O  (A 4 ) 81 8 5 82 J 2 14

I/O  (A 5 ) 8 2 86 8 3 K1 17

- - 8 7 * 8 4 * H 3 * -

- - 8 8 * 8 5 * J 1 * -

VO  (A 6 ) 8 3 8 9 86 H 2 2 0

I/O  (A  7 ) 84 9 0 8 7 H I 23

G N O 1 91 88 G 2 -  I
* Ind ica tes  u n c o n n e c te d  p a cka g e  p ins.
t  C o n tn b u te s  o n ly  o n e  b it ( .1) to  m e  b o u n d a ry  sca n  reg is te r.
B o u n d a ry  S ca n  B it 0  = TO O  T
B o u n d a ry  S c a n  B it 1 3  T D O .O
B o u n d a ry  S c a n  B it 1 99  =  B S C A N T .U P O
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XC4000A Logic Cell Array Family

XC4003A Pinouts

h i
OMcnpdon PCM VQ100 PQ100 PG120

Bound
Scan

Pin
OMCflptton PC M VQ100 PQ100 PG120

Bound
Scan

V C C 2 8 9 9 2 G 3 - G N O 4 3 3 8 41 O i l -

I 'O  (A 8) 3 9 0 9 3 G1 3 2 I/O 44 3 9 4 2 G 1 3 157

I t )  <A9) 4 91 9 4 F1 3 5 VO 4 5 4 0 4 3 H 13 160

to - 9 2 9 5 E l 3 8 vo - 41 4 4 J1 3 163

l O - 9 3 9 6 F 2 41 VO - 4 2 4 5 H 12 166

I/O  (A IO ) 5 9 4 9 7 F 3 4 4 VO 4 6 4 3 4 6 H11 169

l O  ( A l l ) 6 9 5 9 8 D1 4 7 VO 4 7 4 4 4 7 K 13 172

- - - - E 2 * - VO 4 8 4 5 4 8 J 1 2 175

I/O  (A 12) 7 9 6 9 9 C1 50 VO 4 9 4 6 4 9 L 13 178

I/O  (A 13 ) 8 9 7 100 D 2 5 3 - - - - K 1 2 * -

- - - - E 3* - - - - - J 1 1 * -

- - - - B 1 * - VO 5 0 4 7 5 0 M 1 3 181

I/O  (A 14 ) 9 9 8 1 C 2 56 S G C K 3  (VO ) 51 4 8 51 L 12 184

SG C K1 (A15.IZO) 10 9 9 2 0 3 5 9 G N O 5 2 4 9 5 2 K11 -

V C C 11 1 00 3 C 3 - D O N E 5 3 5 0 5 3 L11 -

G N O 12 1 4 C 4 - V C C 5 4 51 5 4 1 1 0 -

PG C K1 (A 16 . I/O ) 13 2 5 B 2 6 2 PHDG 5 5 52 5 5 M 12 -

I/O  (A 1 7 ) 14 3 6 6 3 6 5 I/O  (D 7 ) 5 6 5 3 5 6 M i l 187

- - - - A 1 * - P G C K 3  (V O ) 5 7 54 57 N 13 190

- - - - A 2 * - - - - - N 1 2 * -

I/O  (T D I) 15 4 7 C 5 6 8 - - - - L9 * -

V O (T C K ) 16 5 8 B 4 71 I/O  (D 6 ) 5 8 5 5 5 8 M 1 0 193

_ - - - A 3 * - VO - 56 5 9 N i l 196

I/O  (T M S ) 17 6 9 B 5 74 VO (0 5 ) 5 9 57 6 0 M 9 199

I/O 18 7 10 A 4 77 V O (C S O ) 6 0 5 8 61 N 1 0 202

I/O - - - C 6 8 0 VO - 5 9 6 2 LB 205

I/O - 8 11 A 5 83 VO - 6 0 6 3 N 9 20 8

I/O 19 9 12 8 6 8 6 1 /0 (0 4 ) 61 61 6 4 M 8 211

I/O 2 0 10 13 A 6 8 9 VO 6 2 6 2 6 5 N 8 214

G N O 21 11 14 B 7 - V C C 6 3 6 3 6 6 M 7 -

V C C 2 2 12 15 C 7 - G N O 6 4 6 4 67 L7 -

I/O 2 3 13 16 A 7 9 2 V O  (0 3 ) 6 5 6 5 6 8 N7 217

I/O 2 4 14 17 A 8 9 5 V O ( f iS ) 6 6 6 6 6 9 N 6 220

I/O - 15 18 A 9 98 VO - 6 7 7 0 N 5 223

VO - - - B 8 101 VO - - - M 6 226

I/O 2 5 16 19 C 8 104 VO (0 2 ) 6 7 6 8 71 L6 229

I/O 2 6 17 2 0 A IO 107 VO 6 8 6 9 72 N4 232

I/O 2 7 18 21 B 9 110 1 /0 (0 1 ) 6 9 7 0 73 M 5 235

I/O - 19 2 2 A l l 113 VO (R C L K B U S Y /R D Y ) 7 0 71 7 4 N 3 238
— -------------^ ------------- -----------

- - - B IO * - - - - - M 4 * -

I/O 2 8 2 0 2 3 C 9 116 - - - - L5 * -

S G C K 2  (VO ) 29 21 24 A 12 119 VO  (DO. D IN ) 71 72 75 N 2 241

O  ( M l) 3 0 22 2 5 B11 122 S G C K 4  (O O U T  VO) 7 2 73 76 M 3 244

G N O 31 2 3 2 6 C IO - C C L K 73 74 77 L4 -

M M O ) 32 2 4 2 7 C11 1 25* V C C 74 75 78 L 3 -

V C C 3 3 2 5 2 8 O i l - orroo) 7 5 76 7 9 y z -
1 (M 2) 3 4 2 6 2 9 B 1 2 1 2 6 t G N O 7 8 77 8 0 K 3 -

P G C K 2  (I/O ) 3S 2 7 3 0 C 1 2 127 VO  (AO. W S) 77 7 8 81 L2 2

I/O  (H O C ) 3 6 2 8 31 A 1 3 130 P G C K 4 (A 1 . VO) 7 8 79 8 2 N1 5

- - - - 8 1 3 * - - - - - M l* -

- - - - E 1 1 * - - - - - J 3 * -
VO - 2 9 3 2 0 1 2 133 V O IC S 1 .A 2 ) 7 9 8 0 8 3 K2 8

1 /0 ( 0 5 0 3 7 3 0 3 3 C 13 136 VO  (A 3 ) 8 0 81 8 4 L I 11

VO 3 8 31 34 E12 139 I/O  (A 4 ) 81 82 8 5 J 2 14

VO 39 3 2 3 5 0 1 3 142 I/O  (A 5 ) 8 2 83 86 . K1 17

VO - 3 3 3 6 F11 145 VO - 8 4 8 7 H 3 20

VO - 34 3 7 E 1 3 148 VO - 8S 8 8 J1 23

IX ) 4 0 35 3 8 F12 151 V O (A 6 ) 83 86 8 9 H 2 26

I/O  (ERR. u r n 41 3 6 3 9 F 1 3 154 I/O  (A 7 ) 84 87 90 H I 29

V C C 42 37 4 0 G t2 - G N O 1 80 91 G 2 -
* indcates unconnected package pins.
t Contrfcutes only one bit (.i) to the boundary scan regster.
Boundary Scan Btt 0  > TOO T
Boundary Scan B U I •  TDO.O
B o u n d a ry  S c a n  BA 2 4 7  -  B S C A N T  U P O
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XC4004A Pinouts
Pin

ONBtPlM K M T0144 POMD K120
Bmd
Scm

Mi
0MOt6M K M T0144 MMO r a m

•o n *
Sea* {• K M 70144 KM 9 ra m

Bawd
Scan

VCC 2 128 142 03 - VO 28 32 36 C9 140 - _ _ 90* _
VO(A8) 3 129 143 01 36 SGCK2 (VO) 29 33 37 A12 143 GND _ 81 91 _ _
VO(A9) 4 130 144 FI 41 0(M1) 30 34 36 B11 146 - 82* 82* _ ■

VO - 131 146 El 44 GND 31 36 30 CIO - _ - 83* 83* _ _
VO - 132 .146 n 47 • (MO) 32 36 40 C11 149* VO (OS) SO 84 84 M9 241

: V0(A10) S 133 147 F3 SO VCC 33 37 41 O il - VO(CSQ) 80 8S as N10 244
V0(A11) 6 134 148 01 S3 • (M2) 34 36 42 812 150* VO _ 66 98 18 247

- - 136* 148* - - PGCX2 (VO) 35 38 43 C12 1S1 VO . 87 97 N9 250
- - 136* 150* - - VO (HOC) 36 40 44 A13 184 10(04) 61 88 88 MB 253

GND - 137 151 E2 - VO - 41 45 813 167 VO 62 89 98 NB 256
- - - 152* - - VO - 42 46 E ll 180 VCC 83 90 100 M7 _
- - - 153* - - VO - 43 47 012 163 GND 84 91 101 L7 _

V0(A12) .7 138 154 Cl 66 VO (OK) 37 44 48 C13 186 VO (03) 66 92 102 N7 258
V0(A13) 8 138 1S6 02 58 - - - 48* - - VO (IB) 68 99 109 N6 262

VO - 140 156 E3 62 - - - 50* - - VO _ 94 104 NS 265
VO - 141 1S7 81 65 GNO - 45 51 - _ VO _ 96 106 M6 268

VO (A14) 9 142 156 C2 68 - - 46* 52* - - VO (02) 67 98 108 L8 271
SGCK1 (A15, VO) 10 143 158 03 71 - - 47* 53* - - VO 68 97 107 N4 274

VCC 11 144 160 C3 - VO 38 46 54 E12 168 - _ 98* 108* _
OHO 12 1 1 C4 - VO 39 49 55 013 172 - _ 99* 108* _

PGCX1 (A16. VO) 13 2 2 82 74 VO - 50 56 F11 175 GNO _ 100 110 _ _
VO(A17) 14 3 3 B3 77 VO - 51 57 E13 178 - - - 111* _ .

VO - 4 4 A1 80 VO 40 52 58 F12 181 - _ _ 112* _ _
VO - 5 5 A2 83 VO (ERR. NT) 41 53 59 F13 184 VO (01) 69 101 113 M5 277

VO (TOO IS 6 6 CS 86 VCC 42 54 60 G12 - Mxncu-SSwrnw) 70 102 114 N3 280
vorrcx) 16 7 7 84 89 GND 43 55 61 O il - VO _ 103 115 M4 283

- - - 8* - - VO 44 56 62 Q13 187 VO - 104 116 L5 286
- - - 9* - - VO 45 57 63 H13 190 VO (00. DIN) 71 106 117 N2 289

GND - 8 10 A3 - VO - 58 64 J13 193 SGCX4(OOUT.K» 72 106 118 M3 292
- - 9* 11* - - VO - 59 65 H12 196 CCLK 73 107 119 L4 _
- - 10* 12* - - VO 46 60 66 H11 199 VCC 74 108 120 L3 _

VO (TMS) 17 11 13 85 92 VO 47 61 67 K13 202 O (TDO) 75 109 121 M2 _
VO 18 12 14 A4 96 - - 62* 68* - - GNO 76 110 122 K3 _
VO - 13 15 C6 96 - - 63* 69* - _ I/O (AO. WS) 77 111 123 12 2
VO - 14 16 AS 101 GNO - 64 70 - - PGCK4 (VO.A1) 78 112 124 N1 S
VO 19 1S 17 86 104 - - - 71* - - VO _ 113 125 Ml 6
VO 20 16 18 A6 107 - - - 72* - VO _ 114 126 J3 11

GNO 21 17 19 B7 - VO 46 65 73 J12 205 VO(CS1.A2) 79 115 127 K2 14
VCC 22 18 20 C7 - VO 49 66 74 L13 201 VO (A3) 80 116 128 LI 17
VO 23 19 21 A7 110 VO - 67 75 K12 211 _ _ 117* 129* _ _
VO 24 20 22 A8 113 VO - 68 76 J11 214 - - _ 130* _ _
VO - 21 23 A9 116 VO 50 69 77 M13 217 GND - 118 131 . -
VO - 22 24 88 119 SGCK3 (VO) SI 70 78 L12 220 - - 119* 132* _ -
VO 2S 23 25 C8 122 GND 52 71 79 K11 - _ _ 120* 133* _ _
VO 26 24 26 A10 125 OONE 53 72 80 L11 - VO(A4) 81 121 134 J2 20
- - 25* 27* - - VCC 54 73 81 110 - VO (AS) 82 122 135 K1 23
- - 26* 28* - - w o e SS 74 82 M12 - - - _ 136* - -

GNO - 27 29 - - VO (07) 56 75 S3 M11 223 VO _ 123 137 H3 26
- - - 30* - - PGCK3 (VO) 57 76 84 N13 226 VO - 124 138 Jl 29
- - - 31* - - vo • - 77 85 N12 229 VO(A6) 83 125 139 H2 32

VO 27 28 32 88 128 VO . 78 86 L9 232 VO(A7) 64 126 140 HI 35
VO - 29 33 A11 131 10(06) 56 79 87 M10 235 GNO 1 127 141 G2 _

VO - 30 34 610 134 VO - 80 88 N11 238
VO - 31 35 - 137 - - • 89* • -

* M ctIm  unconnxaad pirifiQt pint.
f  Contribute* only oo* b« (j) to ft*  boundary rean raqgter.
Boundary Scan Brt 0 ■ TDO.T
Boundary Scan BH 1 -TDO.O
Boundary Scan Bit 295 -  BSCANT.UPO
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XC4000A Logic O il Array Family

XC4005A Pinouts

O iK m a w PCM T0144 P0160 PG156
Bound
ScanPQ208

* c c 2 128 142 183 H3 -
V<> t*J>. 3 129 143 184 HI 44
*> IA i) 4 130 144 185 G1 47

t o - 131 145 186 G2 SO
no - 132 148 187 G3 S3
• - - - 188* - -
- - - - 189’ - -

5 133 147 190 FI 56
lO lA I I ) 6 134 148 191 F2 59

VO - 135 149 192 E l 62
VO - 136 ISO 193 E2 65

ONO - 137 151 194 F3 -
- - - - 1954 - -
- - - - 196* - -
- - - 152* 197" D l‘ -

j - - 153“ 196* 02" -
• VO(A12) 7 138 154 199 E3 68
> VO<A13) 8 139 155 200 C l 71
1 - - - - - -

DO - 140 IS6 201 C2 74
VO - 141 157 202 03 77

VO <A14) » 142 1S8 203 Bt 80
SGCKt (At5. VO) 10 143 159 204 B2 83

VCC 11 144 160 205 C3 -
- - - - 206*™ - -
- - - - 207* - -
- - - - 206* - -
- - - - r - -

GNO 12 1 1 2 C4 -
- - - - 3* - -

PGCK1 (A16. VO) 13 2 2 4 B3 86
VO(A17) 14 3 3 5 A1 89

VO - 4 4 6 A2 92
VO - 5 5 7 CS 95
- - - - - - -

lO fTDI) IS 6 6 8 B4 98
lOfTCK) 16 7 7 9 A3 101

- - - 8J 10’ A4* -
- - - 9r 11* - -
- - - - 12* - -
- - - - 13* - -

CNO - 8 10 14 C6 -
VO - 9 11 15 BS 104
VO - 10 12 16 86 107

VOfTMS) 17 11 13 17 AS 110
VO 1* 12 14 18 C7 113
- - - - 19* - -
- - - - 20’ - -

vo - 13 IS 21 B7 116
VO - 14 18 22 A6 119
VO 19 15 17 23 A7 122
V0 20 1« 18 24 AS 125

GNO 21 17 19 25 C8 -
VCC 22 18 20 26 08 -

VO 23 19 21 27 C9 128
VO 24 20 22 28 ea 131
VO - 21 23 29 A9 134
VO - 22 24 30 BIO 137
- - - - 31 - -
- - - - 32’ - -

m 2S 23 25 33 CIO 140
vo 26 24 28 34 AI0 143
vo - 25 27 35 A l l 146
vo - 28 28 36 B11 149

GNO - 27 29 37 C11 -
- - - - 38’ - -
- - - - 39’ - -
- - - 30" 40* AI2* -
- - - 31U 41* - -

vo 27 28 32 42 812 152
vo - 29 33 43 A13 ISS
t o - 30 34 44 A14 1S8

Pin
OMcripden PCM TQ144 P0160 PG1S6

B ni-iBouno
ScanPQ208

VO - 31 35 45 C12 161
- - - - - - -

vo 28 32 36 46 B13 164
SGCK2(V0) 29 33 37 47 814 167

0(M I) 30 34 38 48 A15 170
ONO 31 35 39 49 C13 -
m m ) 32 36 40 50 A16 173»

- - - - 51k -
- - - - 52’ -
- - - - S3* - -
- - - - Mk - -

VCC 33 37 41 SS C14 -

l(M2) 34 38 42 56 BIS 174*
PGCK2 (VO) 35 39 43 57 816 175

VO (HOC) 36 40 44 S6 014 178
VO - 41 45 59 C15 181
- - - - - - -

VO - 42 46 60 015 164
VO - 43 47 61 E14 167

vo(doc) 37 44 48 62 C16 190
- - - 49’ 63’ £15’ -
- - - 50’ 64’ D16* -
- - - - 65* -
- - - - 661* - -

GNO - 45 51 67 F14
VO - 46 52 68 F15 193
VO - 47 53 69 E16 196
VO 38 48 54 70 F16 190
vo 39 49 56 71 G14 202
- - - - 72* - -
- - - - 73’ - *

vo - SO 56 74 GIS 205
vo - 51 57 75 G16 206
vo 40 52 S8 76 H16 211

voiEfin fciT) 41 53 59 77 HIS 214
vcc 42 54 80 7* H14 -
ONO 43 SS 61 79 J14 -
vo 44 56 82 80 J1S 217
vo 45 57 63 81 J16 220
vo - 58 64 82 K16 223
vo - 59 65 83 K15 226
- - - - 84* - -
- - - - 85’ - -

vo 46 60 68 86 K14 229
vo 47 61 87 87 L16 232
vo - 62 68 88 M16 235
vo - 63 69 89 LIS 236

GNO - 64 70 90 L14 -
- - - - 91* - -
- - - - 92 - -
- - - 71’ 93’ N16’ -
- - - 72’ 94* MIS* -

vo 48 85 73 95 P16 241
vo 49 66 74 96 MI4 244
10 - 67 75 97 N15 247
vo - 68 78 98 P15 250
vo SO 89 77 99 N14 253

SGCK300) 51 70 78 100 B16 256
ONO 52 71 T9 101 P14 -

- - - - MB’ - -
DONE 53 72 80 103 R15 -

- - - - 104’ - -  !
- - - - 1054 - -  1

vcc 54 73 81 108 P13
- - - - 107’ - -  i

T»a66 55 74 82 108 R14 ~ 1
VO (07) 56 75 83 109 T16 259

PGCK3 (VO) 57 76 M 110 T1S 262
VO - 77 85 111 R13 265 '
- - - - - . 1

VO - 7» 88 • 12 PI2 268 ,
votoet 58 79 87 113 T14 271 :

* In d ica te s  u n c o n n e c te d  p a cka g e  p in t ,  
t  C o n tn o u te s  o n ly  o n *  M  ( i )  to  th e  b o u n d a ry  s c a n  ra g s ie r .
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XC4005A Pinouts (continued)
Mi

KM 70148 #0180 ra w W IN
law *
Sean

VO - 80 88 114 TO 274
- - - sa­ IIS* *12*
- - - go' 116* T12* _
- - - . 117* _ _
- - - - " f lV - -

CNO - •1 91 119 Ml -
vo - 82 82 120 mi 277
VO - •3 83 121 Til 2B0

K> (OS) se M M 122 T10 283
HOtCSO) eo 86 9S 123 mt 208

- - - - 124* _ _
- - - - 129* - -
VO - 88 8a 128 mo 2S9
vo - 87 97 127 T9 292

vortx) •1 88 88 128 R9 296
VO 42 a* 99 129 *9 299

vcc •3 80 WO 130 ns -
GNO •4 •1 101 131 PS -

*0(03) as as MB 132 TS 301
WO (AS) 86 93 103 133 T7 304

VO - M 104 134 TB 307
VO - as 108 136 R7 310
- - - - 139* - -

- - - - 137* - .
JO (02) 87 M 108 isa P7 313

vo 68 97 107 139 T5 310
VO - 98 108 140 RS 319
VO - 99 109 141 T4 322

GNO - 100 110 142 P6 -

- - - - 143“ . .

- - - - 144* - -

- - - ' 111* 145* ■* RS* ■' -

- - - 112* 146* - -

VO (01) ae 101 113 147 T3 329
KXncuc-fiOSY/ROV) 70 toe 114 140 PS 329

K> - 103 115 149 R4 331
- - - - - - -

vo - 104 116 ISO R3 334
VO (00. DM) 71 105 117 1S1 F4 337

sock4(oout.vo) 72 108 tia 1S2 T2 340
cox 73 107 119 1S3 R2 -

V C C 74 108 120 1S4 P3 -

- - - - 1S6* - -

- - - . isa* - -
- - - - 157* - -

- - - - 158* - -
ornx» 75 109 121 ISO T1 -

GNO 78 110 122 180 N3 -
VO (AO.WS) 77 111 123 161 HI 2

PGCK4 (Al.VO) 78 112 124 162 P2 S
VO - 113 123 163 N2 8
- - - - - - _

VO - 114 126 164 M3 11
KXCS1A2) 79 IIS 127 165 PI 14

VO (A3) •0 118 128 166 N1 17
- - 117* 129* 167* M21 -

- - - 130* tea*1 Ml* -
- - - - 189* - -

- - - - 170* - _

GNO - 118 131 171 13 -

VO - 119 132 172 12 20
vo - 120 133 173 LI 23

VO(A4) ei 121 134 174 K3 26
VO (AS) 82 122 13S 175 K2 29

- - - - 176’ - -

- - - 136* 177* _ _

VO - 123 137 i7a K1 32
vo - 124 136 179 J1 36

VO(A«) 83 12S 139 iao 38
VO(A7) M 128 140 iei J3 41
GNO 1 127 141 182 H2 -

* Indcatas unconnected package pins. Boundary Scot 8 * 1 > TDOO
Boundary Scan 84 0 « TOO. T Boundvy Scan 8 * 343 -  BSCANT.UPO
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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: 

Device Type

Speed Grade

XC4005A-5 PQ160C

I ' Temperature Range

—  Number of Pins

'Package Type

Component Availability
PINS
TYPE

CODE

84 100 120 144 156 160 164 191 196 208 223 240
PLAST.
PLCC

PLAST.
POFP

1 TOP 
PLAST. I BRAZED 
VOFP CQFP

CERAM
PGA

PLAST
TOFP

CERAM
PGA

PLAST.
POFP

TOP
BRAZED
COfP

CERAM.
PGA

TOP
BRAZED
COFP

PLAST
POFP

METAL
POFP

CERAM
PGA

METAL
POFP

PC84 PQ100VQ100 j CB100PG120T0144PG156P0160CB164PG191CB196PQ208MQ208PG223MQ240
-6

XC4002A -5 
-4

Cl Cl Cl 1 = Cl ' • .
C c c V' a c •
C c C [ j C ..... • ■ r 1 ,-10

XC4003A  ̂
-4

' • fjj ! MB MB ' . ■ ‘,f i - ■ -■ .
Cl Cl Cl 1 M8 iCIMB ■ > -
C C 1 o! o f*
C c o f- ! frm- 10 L ..--j.... ' ■I3‘ -- ..i ■—:—-6

XC4004A -5 
-4

Cl - : r Cl Cl Cl ",
C I \ o o c ' , 1
C ■ ■ ■ o o c .-6

XC4005A -5 
-4

Cl , . [ e -■ 'V 4 Cl | Cl Cl . , ■ Cl
C ,i .... s i c | c c c „
c •...-.t.v.-Lrs..i c I c c '» t. c

C = Commercial = 0° xo +70* C 
B = MIL-STD-883C Class B

I *  Inausmai = -40° io +65* C M *  Md Temp » -55* to ♦125" C 
Parentheses mdicates future product plans
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Power Sputters/C ombiners 5 0  &  7 5 0 .

2  W A Y -00 2 kHz to 10 GHz

ZESC-2

: ? >
MODEL

NO.

FREQ.
RANGE

MHz

fl fU

ISOLATION
< •

L M° U
Typ. Min. Typ. Mia Typ. Mia

INSERTION LOSS, dB 
Above 3dB -

x.4 .'
A  < ■ y

&£ *;*«" - /
t  M® U

Typ. Max. Typ. Max. Typ. Max.

‘  PHASE 
UNBAL­
ANCE 

Degrees

L M° U
Max. Max. Max.

AMPLITUDE 
UNBALANCE 
m  dB
.-r.,- A .
L M° U

Max. Max. Max.

VSWR (:1)

S OUT*
Typ. Max. Typ. Max.__ ... _ ...

CAPD
DATA
(seeRF

IF
Designs
hand­
book)
Page

CASE
STYLE

|

Note B

C
0
N
N
EC
T
1
o
N

PRICE
$

Qty.
(1-9)

ZESC-2-11 10-2000 19 10 18 13 20 11 0.5 0.9 0.5 1.0 0.6 1.2 1 3 6 0.20 0.30 0.50 2-94 V37 Of 71.95

ZFSC-2-1 5-500 30 25 28 20 25 20 0.2 0.5 0.3 0.6 0.6 0.8 2 4 4 0.15 0.15 0.30 2-91 K18 or 44.95
■  ZFSC-2-1-75 0.25-300 20 15 30 25 25 20 04 075 0.4 075 04 1.0 2 3 5 0.15 0.20 0.30 2-91 K18 or 4595
■  ZFSC-2-1W-75 5-600 44 26 45 30 31 20 0.22 0.6 0.27 0.7 046 09 1 2 3 0.20 0.30 040 2-138 K18 or 50.95

ZFSC-2-1W 1-750 30 20 28 20 25 20 0.2 0.5 0.4 0.8 0.8 1.0 2 4 4 0.15 0.15 0.30 2-163 K18 ar 48.95
ZFSC-2-2 10-1000 30 20 25 20 23 18 02 0.5 0.5 10 0.9 1.2 2 4 4 0.15 0.15 0.30 2-163 K18 ar 51.95

GHz LI U1 11 U1 11 U1 11 U1
ZFSC-2-9G 3.5-9.0 18 12 20 12 0.5 1.5 0.6 1.2 7 10 0.30 050 2-93 JJJ142 as 59 <i

ZFSC-2-10G 2.0-10.0 15 9 20 12 05 1.5 0.6 1.6 7 12 0.60 050 2-93 JJJ142 as 69 95

ZFSC-2-4 0.2-1000 20 15 25 20 23 18 02 0.5 0.5 1.0 0.9 1.2 2 4 4 0.15 0 15 0.30 2-164 K18 ar 55 95
ZFSC-2-5 10-1500 25 15 30 20 25 18 0.25 0.6 0.5 1.0 0.8 1.5 2 3 4 0.15 0.20 0.50 2-164 K18 or 59 95

♦ ZFSC-2-6* 0.002-60 27 20 30 20 27 20 0.3 0.6 0.3 0.6* 0.6 1.0 2 3 4 0.15 0.20 0.30 penormance 2-165 K18 ar 49 95
•Ml ZFSC-2-6-75 0.004-60 30 20 35 20 25 20 0.5 0.8 04 0.8 0.7 1.0 1 2 3 0.15 0.20 0.30 2-165 K18 ar 51.95

Data and
ZFSC-2-U 10-2000 14 10 16 14 20 15 12 15 1.2 1.5 1.0 2.2 1 2 4 0.20 0.30 0.50 2-94 K18 or 64 95

A  ZFSC-2-2500 10-2500 16 11 17 14 17 14 0.5 0.8 0.6 14 0.8 15 1 4 8 0.20 0.30 0.40 curves 2-94 K18 or 74.95

ZMSC-2-1 0 1-400 20 15 25 20 25 20 02 0.5 04 075 06 1.0 2 3 4 015 0.20 0.30 2-32 M21 at 49 95
ZMSC-2-1W 1-650 25 20 35 20 25 ID 0.3 05 0.5 0.8 0.7 1.0 2 3 4 0.15 0.20 030 232 M21 at 54 95

♦  ZMSC-2-2* 000260 27 20 30 20 27 20 0.3 0.6 0.3 0.6 06 1.0 2 3 4 0.15 025 0.30 2-43 M21 at 59 95

ZSC-2-1 0 1-400 20 15 25 20 25 20 02 05 04 0.75 0.6 10 2 3 4 0 15 0.20 0.30 2-32 M22 at 47 95
ZSC-2-1W 1-650 25 20 35 25 25 20 03 05 05 08 0.7 1.0 2 3 4 0 15 0.20 0.30 2-32 M22 at 49 P6

♦  ZSC-2-2* 000260 25 20 30 20 27 20 03 0.6 0.3 0.6 06 1.0 2 3 4 0 15 0.25 0.30 2-33 M22 <3t 52 •••
•Mi ZSC-2-2-75' 000260 25 20 30 20 27 20 03 06 0.3 0.6 06 1.0 2 3 4 « 015 0.25 0.30 2-96 M22 at 53

ZSC-2-4 10-1000 25 20 35 20 25 20 0.2 0.5 0.5 0.8 0.7 1.3 2 4 6 0.15 0.20 0.30 2-33 M22 at 52 '  £
■ ZSC-2375 55-85 35 25 0.3 05 1 010 2-166 M22 at 52 95
■ ZSC-2-1-75 0.25-300 20 15 30 20 20 15 04 0.75 04 0 75 04 1.0 2 3 5 0.15 0.20 0.30 2-166 M22 at 49 95

NOTES:
Isolation specified to 0.004 MHz 

O When only specification for M range given, specification applies to 
entire frequency range.

♦  At low range frequency band (fl. to 10 fL). linearly aerate maximum 
input power by 13 dB 

■  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 
Guarantees Quality' article.

B. Connector types and case mounted options, case finishes are given 
in section 0. see “Case styles & Outline Drawings*.

C. Prices and specifications subject to change without notice.
1. Absolute maximum power, voltage and current ratings;

1 a. Matched power rating models ZAPD. ZN2PD. ZC2PD 10 Watt 
ZAPD-900-5W. 5W (as a spfitter). other models 1 Watt 

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

coaxial connections
see case style outtne drawing fcx pin locations
PORT or as a»
SUM PORT 3 S 2
PORT 1 1 1 1
PORT 2 2 2 3
GNDEX1.
CASE GNO

□  Mini-Circuits9 INTERNET http://www.fnMcMCutts.com 
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2 W A Y -0 ‘

Rower Splitter/Combiners 5 0  ohms

ZMSC-2-1 ZSC-2-1 0.1 to 400MHz

: C D *» ln > -C lr*U it*  2 S C -8 -

I 1 S O L a T T O n
■ t R f  l a v a l  o f  O d B *

C^Wim-Clrcuit*
V  S  W B

At RF 1«V«1 Of O
1—1

<
1 /1

t
, *1 «—l■ • V

— r~

11r

„  . . f  . - j
| :  i I  J I  I

r  r  e Q U E N C V (MHZt F R E O U E N C V  (MHZ) oinsIL U E N C V (MHZ)

FREQUENCY INSERTION LOSS AMPLITUDE ISOLATION FREQUENCY VSWR VSWR VSWR
(MH2) (dB)

S-1
(dB)
S-2

UNBALANCE (dB) 
1-2

& * ) (MHz) s 1 2

01 3.33 3.33 0.00 22 82 0.1 1.49 1.96 197
0.5 3.24 323 001 3506 05 1 14 120 1.20
1.0 325 324 001 39.76 1.0 1.14 1.16 1.16
5.0 3.19 315 0.04 51.14 5.0 1.15 1.11 1.11

10.0 3.17 3.17 0.00 49.55 10.0 1.15 1.11 1.11

20.0 3.23 3.20 003 4422 200 1 16 1.11 1.11
50 0 323 3.20 003 37.22 50.0 1.15 1.10 1.10

1000 3.27 3.26 0.01 32.39 1000 1.13 1.08 1.08
128.6 330 3.29 001 30 81 128.6 1.12 1.07 1.08
1715 330 331 001 2938 1715 1.08 1.07 1.07

200.0 331 3.29 0.02 28.96 200.0 1.06 1.07 1.07
2572 335 333 0.02 29.4$ 257.2 1.05 1.10 1.11
300.0 342 339 0.03 3146 300.0 1.10 1.15 1.16
3286 346 3 47 0.01 33.72 328 6 115 1.18 120
400 0 349 345 004 34.03 4000 1.25 1.24 1.26

ZMSC-2-1W. ZSC-2-1W ito 6 5 a u H z

Ĉ Mtni-Cir cults
L • i

V  S  W B
•t nr u>ai of o oe»

» . . f r -
*  r ^ i !  !  ! " T  * *

•  s i  i  ; i i I 5 t *  5 ! i

r  R E o c n 2 O V  (M H Z ) r R E O U E N C V (M H Z ) F R E Q U E N C V (M H Z )

FREQUENCY INSERTION LOSS AMPLITUDE ISOLATION FREQUENCY VSWR VSWR VSWR
(MH2) (dB) (dB) UNBALANCE (dB) (dB) (M H l) s 1 2

S-1 S-2 1-2
1.0 331 328 003 27.72 1.0 1.11 1.26 126
5.0 3.18 321 003 37.92 50 1.13 1.16 1.16

100 319 3.21 002 4509 10.0 1.13 1 14 1.14
200 322 324 002 46 45 20.0 114 1.14 1 14
50.0 321 3 24 003 37.51 500 113 1.13 1.13

100.0 3.29 329 0.00 31.91 100.0 1.13 112 1.12
1524 335 334 0.01 28.72 152.4 1.14 1.11 1.11
2000 333 335 002 26.74 2000 113 1.10 110
2606 338 340 002 24.91 2606 1 14 1.07 1.08
300.0 340 346 006 2402 3000 1.15 106 1.06

3904 3 47 349 002 22.64 3904 1.18 1.03 103
4553 359 3 61 002 2215 455.3 121 1.05 1.05
5000 362 365 0.03 2204 500.0 123 1.07 1.07
563 5 368 371 003 22 33 563.5 126 1.12 1.12
650.0 386 389 003 23 85 650.0 1.30 1.19 1.18

2-3 2 (^M ini-C ircuits' P O  Box 350166 Brooklyn New York 11235-0003 ( 718)934-4500 Fax (718) 332-4661 
Distribution C ontort N ORTH AM ERICA 800-654-7949 417-335-5935 F«* 417-335-5945 EUROPE 44-252-835094 Fax 44-252-8370'0



case styles
outline dimensions M
caseno. A B c D E F G H J K L M N P Q R S T1 grams. NOTES*

Aoi
.770 

19 56
800

20.32
.385
978

400
10.16

.370
9.40

400
10.16

.200
5.08

20
5.06

.14
3.56

.031
79

52 AI.B3.E1.B7

A03
480

*.2.19
.500

12.70
390

991
405

10.29
.210
5.33

.230
5.84

.100
254

.20
5.08

.14
356

.020
.51

2.3 A1.B4.E1.67

A04 .770
1956

.800
20.32

.200
508

.210
533

.370
940

.400
10.16

.200
5.08

.20
506

.14
3.56

.031
.79

3.7 A l. 83. El.87

A05
.770

1956
.800

20.32
.240
6.10

.250
635

.370
940

.400
10.16

.200
508

20
5.06

.14
3.56

.031
.79

3.7 A1.B3.E1.B7

A06 .770
19.56

800
20.32

.285
7.24

.310 
7 87

.370
940

.400
10.16

.200
5.08

.20
5.06

.14
3.56

.031
.79

5.2 A1.B3.E1.B7

A n >480
1219

.500
1270

.240
610

-255
6.48

.210
5.33

.230
5.84

.100
254

.20
5.08

.14
3.56

.020
.51

1.9 A1.84.E1.B7

B02 .480
1219

.500
12.70

.240 
6. tO

.255
648

.210
5.33

.230
5.84

.16
4.06

.100
2.54

.14
3.56

.20
5.06

w o
.51

1.9 A1.B4.E1.87

Bl 3 480
T2.19

.500
12.70

.390
991

.405
10.29

.210
5.33

.230
5.84

.16
4.06

.100
2.54

.14
3.56

.20
5.06

.020
51

2.3 A1.B4.E1.B7

CO 7
.770

19.56
.810

20.57
.380
9.65

410
10.41

D30
.76

.200
5.08

.20
5.06

.14
356

11.0 A1.E1.B7

C l 45 .770
19.56

.810
20.57

.380
9.65

.410
1041

.030
.76

.200
5.06

.20
5.06

.14
3.56

11.0 A1.E1.B7

D08 IOCS
25.40

1.025
26.04

.390
991

.430
10.92

.500
12.70

.525
13.34

.025
.64

.300
762

200
508

09
2.29

.13
3.30

.150
2.81

20
508

.14
3.56

8.5 A1.E1.B7

D09 1.000
25.40

1025
26.04

.240
610

280
711

.500
1270

.525
13.34

.025
64

.300
762

.200
506

09
2.29

.13
3.X

.150
381

.20
508

.14
3.56

7.5 A1.E1.B7

E lO
1.580 
4Q13

1.620
41.15

.380
9.65

410
10.41

.770
19.56

.810
20.57

.030
.76

.200
5.08

.10
254

.20
5.08

.14
3.56

23.0 A1.E1.87

Fl 4 200
5080

200
50.80

.75
19.05

1X0
25.40

.25
6.35

1.500
38.10

.125
3.18

.39
991

1.00
25.40

.50
12.70

1.00
2540

170.0 Ala 
C l. 02

F53
200

50.00
2J0

50.80
.75

1905
1.00

25.40
.13

3.30
1.750
44.45

.125
3.18

.39
991

1.00
2540

.50
12.70

1.00
2540

170.0 A10
C l. 02

Fl83 1.26
32.00

1.00
2540

.70
17.78

200
508

.200
5.08

.860
21.84

.125
3.18

.35
8.89

.63
16.00

.38
9.65

.50
12.70

24 A4.B1.D17

G l5
1.25 

31 75
125 

31 75
75

19.06
.63

1600
.38

965
.61

15.49
— .80

20.32
.80

20.32
.76

1930
.125
318

1.688
42.88

218
55.37

75
1905

.07
1.78

85.0 A10A18.BI.
D1.07

Gl44 125
31.75

1.25
31.75

- 63
16.00

.38
9.65

.61
15.49 _ .76

19.30
.125
3.18

1.688
42.88

218
55 37

75
1905

.07 
1 78

850 A10.A18.
B6.O6

H l6
1.25

31.75
1.25

31.75
.75

1905
.63

1600
.38

9.65
1.000
25.40

.125
3.18

1.000 
25 40 _ — .125 

3 18
1.686
42.88

2.18 
55 37

.75
19.05

.07
1.78

70.00 A10.AI8.B1.
02.03.04

J17 1.25 
31 75

1.25 
31 75

.75
1905

.63
1600

.38
965

1.000
25.40

.125
3.18

1.000
2540

— — .125
318

1 686 
42.68

2.16 
55 37

75
19.05

07 
1 78

75.0 A101A18.
61.0203

K l 8
1.25 

31 75
1.25

31.75
.75

1905
.63

16.00
.38

9.65
1.000
2540

.125
318

1.000 
25 40

— _ .125
3.18

1.688 
42 88

2.18
55.37

.75
1905

.07
1.78

70.0 AI0LAI8.B1.
C1.D2D3

L l 9 1 SO 
38'.0

1.13
2870

1.00
2540

50
1270

.155
394

2.345 
59 56

.138
3.51

987
2507

2 50 
63.50

10
254

.31
787

1.19
30.23

— 66
16 76

— — iso
381

374) A6.AI 1.A18. 
8206

l_20 2.25
57:5

1.38
3505

1.24 
31 SO

50
12.70

.150 
3 81

3.100 
78 74

.138
351

1.238 
31 45

3.25 
82 55

.10
2.54

40
1016

1.86
47.24

— .64
16.26 _

— .150
3.81

74.0 A6.AI 1.A18. 
B2D5

M 21
150

3810
1.13 

28 70
1.00

2540
.50 

12 70
.155 
3 94

2.345 
59 56

.138
351

.987 
25 07

2.50 
63 50

.10
254

.31 
7 87

.75
1905

1.19 
30 23

66
1676

— — .150
3.81

40.0 A6.A11.A18. 
B2C1.D6

M 2 2
2.25

5715
1.38

3506
1.24 

31 50
50 

12 70
.150
381

3.100
78.74

.136
351

1.238 
31 45

3.25 
82 55

.10
2.54

40
10.16

1.15 
29 21

1.86 
47 24

64
16 26

— _ .150
3.81

74.0 A6.A11.A18. 
B2C1.D5

M23 2.25
5715

1.38
3505

1.24 
31 50

50
12.70

.150
381

3.100
7874

.138
351

1.238 
31 45

3.25
82.55

.10
2S4

63
1600

1.06
26.92

1.63 
41 40

60
1753

— — .150
381

70.0 A6.A11.A18. 
B2C1.06

tolerance
* NOTES:

.x±. 1 .xx±.03 .xxx±.015 inch
MATERIAL AND FNSH
A t. l UQMr ixm nat  CR.S Pin material: *52 cMay. R n#i olectro tirv hot-oJ 0. 
tow ed Cover material: cucro-nickel
A4. Co m  material. alumnum atoy. finijh: incite per Ml-C-5541 
A6. Cawmartend: aorrwxxn cftoy. Rnrti: Oue pant aver iridrte.
A10. Caw materiel: aluminum atoy. finitfv grey parrt or ye>ow indite.
Al 1. C a »  materiel: aluminum atoy. finoh. blue anod&ed.
A)8 Mounting Bracket finah: incite or dear anodfee.

MOUNTNS
61. Motfttng bracket avaiab*e on request. Add suffix B to part number.
82 Moismng bracket avertable on reauesl For bracket motnted on 
connect* end odd suffix 6 to part numoer and S5.00 to ir tf cost. For bracket 
m otntec on ffie rear, add suffix BR to oart number and odd $1.50 to unit cost.
63 muDieospoceraMariobie. Request P/N 614-045-01.
84. msjotea spacer avatobte. Request P/NB-14-047-01.
86. Bracket version only. E.
87 fVn menscus (or header)' 0015* max.

MARKING
C l. For port markings 1. 2. and 3 see specMcation dato sheet.

CONNECTORS
01. Connectors SMA Standard. BMC on request (no charge). Male SMA on request, 
co r^ it factory.
02. Connectors: please specify, unless otherwise noted: BNC is standard. TNC. SMA 
and Type N. consult factory. (ZAPO -4 cruts not oraloble with BNC).
03. For Bracket Version, Option B. this dmension. *C *\ changes from 0.75 to 0.94 
inches.
04. FTB Models abatable:

*AI5 female BNC/isolated female BNC 
'C l 5 male BNC/isolated female BNC.

05.
06. 
07.

FT Models CNOtebie:
*A16 female BNC/female BNC 75 ohm . 
*B16 female BNC/mcHe BNC 75 ohms 
*C16 male BNC/femaie BNC 75 ohms. 

Connectors. BNC standard. TNC consult factory.
Connectors: Female SMA only. Male SMA avaiabJe on request, consult factory.
For ZFSC-5 o fifth connector is offered as Port 5 r>-tme and opposite of sum(s) port

017. Connectors: Female SMA only.

SPECIAL TOLERANCES 
El. Pin diameter *£05 inch.

32
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outline drawings Q  Mini-Circuits

^-LETTER M OVER

E H
TOP VCW

,  K OIA TYP

NOTE Blue Bead macdies pm 1 
Pm rx/noea do not appear on unit 
fa t reference on*

NOT Blue Bead mdcdtos pm t 
Pm rwtnoen do not appear on urat 
For reference only

NOTE 9LUC RE AO lN£>C*TrS 
m  I PM NUM8EAS 00  HOT 
APPEAR ON UNIT 
TOW REFERENCE ONLY 
PMS 6. 7,10, U OMITTED. CI43 

-LETTtR MOVE* PM O 
- 0  OVER PM I

!S L SJ

D
LETTER M OVER PIN * 2 -LETTER M OVER PM « 2 5

NOTE BiueBeoa 
Oin*445 Pmnumoers 
do not appear on unn 
fo r reference ont?

-6  OM. TYP

— H —
K _

1_ ■>_____
G OlA TYP 0  OVER PIN I

TOP VCW

l i t £ j
L_l -

* 4 ^

G OIA 
TYP

NO*E Blue Bead macatesomi 
Pm nunoert do not appear on unit 
for reference only

Stanomo

t _ a ^ * p
— o —

— A —
I _L

option b

£^S»*4.L., p

H

M —
N —

-  G OIA TYP THRU

1
H
J

MCL 

- » ____»

•*4  4 0  • 13 OP 
<2 PLACES)

* -f  — 
i — A —
♦ J Jt -L

' L e O

OPTION 8  

— L OIA TYP

i
♦ it i

STANOARO

e ; ^ - ^ h

1-------1
^  - G OIA THRU

OPTION 6

— -  N —

i

> i
— F —

—  A —

I I

K
STANOARO

G 0*A T>*» THRU

• • S i

OPTION 8'

L OIA TYP

11

t I
c f
r ~

—  M -  —

i j

STANOARO

v-OPT 
'*  8R

In Stock... Immediate Delivery
For Custom Versions O f Standard Models Consult Our Applications Dept.
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□  Mini-Circuits*
Surface Mount3

BP2

fit!

JYPS IflPS SCP SYPS

1 ‘AMPLITUDE 1 
UNBALANCE

MODEL
NO.

RANGE
MHz

p i
K Typ. Mooc'Typ. Max. Typ. Max.

JjnbAlanCe 
^Degrees ,

“v
M° u !

Max. Mck. Max.

« w 8P2C 810-960 25 18 0.6 0.9 3.0 02
«w 8P2G 1420-1660 28 20 0.6 1.0 3.0 0.2
«w BP2P 1710-1990 30 20 0.7 10 3.0 0.2

JPS-2-1N 350-550 30 20 0.25 05 30 0.3
JPS-2-1W 3-750 36 20 28 17 19 16 0.5 0.8 0.4 10 09 1.4 1.0 20 4.0 0.2 0.3 0.4
JPS-2-4 100-1000 22 16 05 1.4 50 04
JPS-2-900 400-900 24 18 0.5 12 3.0 04

■ JYPS-2-4-75 5-1000 24 17 25 20 30 18 04 0.8 0.4 10 08 1.5 3.0 4.0 5.0 0.2 0.3 04

♦ LRPS-2-1 5-500 50 25 33 24 30 23 0.25 05 03 0.6 0.5 1.2 1.0 20 3.0 0.15 0.2 0.3
IRPS-2-1-75 2-500 35 18 35 25 27 20 0.30 08 0.35 0 6 0.5 1.0 10 20 3.0 0 15 0.2 0.3
IRPS-2-IW-75 10-650 28 22 29 24 30 20 0.5 10 0.6 0.75 0.6 1.2 1.0 2.0 3.0 0.15 0.2 0.3

♦ LRPS-2-4 10-1000 25 20 23 16 19 14 0.3 0.5 0.4 0.9 0.8 1.5 1.0 3.0 5.0 015 0.2 0.4
♦ LRPS-2-11 20-2000 19 15 21 15 30 15 06 0.8 0.7 1.0 0.8 1.5 2.0 3.0 5.0 0.2 0.3 0.7
♦ LRPS-2-25 1700-2500 20 16 0.8 13 10.0 0.9
♦ LRPS-2-980 800-980 30 18 0.5 1.0 30 0.5

SCP-2-1 0.1-400 25 15 30 20 25 20 0.3 1.2 0.2 0.6 0.4 1.1 2.0 2.0 3.0 0.15 0.2 0.3
SCP-2-1A 1-550 25 20 25 20 25 20 0.3 0.6 0.3 0.6 0.7 1.3 2.0 2.0 3.0 0.15 0.2 0.4

SYPS-2-1 2-500 40 20 32 20 30 20 0.2 0.6 0.3 0.75 0.6 1 JO 2.0 3.0 4.0 0.2 0.3 0.5

Max. Max. Max.

CAPD
DATA
r# ;w  

(see RF/1F 
Designer 
hand-, 
book) j
Page

PRICE 

$ |

B r- j
t
O
N

4 5  i ety. •
<1-9)

Jm 1.29***
im 0.99***
jm 1.24—

hv 895
hv 895
hv 995
hv 995

if 16.95

am 895
am 895
am 995

am 1995
gn 2495
gn 21.95
can 895

aq 10 45
oq 10.45

hk 12 95

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

TTT167

L = low range (fL to  10 fL) M = m id range (10 fL to  f0/2) U = upper range (fJ2  to  f j

NSN GUIDE
M CI NO. NSN MIL-P-23971/15*
MSC-2-1 6625-01 -124-8595 02
PSC-2-1 6625-00-548-0739 01
PSC-2-1W 5985-01-190-7701
PSC-2-2 6625-01-143-2571
PSC-2-4 6625-01 -2300492
TSC-2-1 5895-01 -332-8100
* units are not OPL listed

p i n  c o n n e c t i o n s  see case style outline drawing tor pin locations
PORT aj ak am an ap aq sn he hk hv if jm
SUM PORT 1 2 6 1 1 1 6 5 3 1 I 2
PORT 1 2 1 4 4 5 5 4 9 1 3 3 8
PORT 2 4 3 3 5 6 6 3 1 2 4 6 5
GND EXT 3 4,5 1 23.6.7.8 23.4.7.8 23.4.7,8 1.25 a l other pins 4.5.6 6 7.8 1.3.4.6.7
CASE GND 3 4.5 — 2.3.6.7.8 23.4.7.8 — — a l other pins — — — —
NOT USED 25 — — — — 25 24.5 —

In Stock... Immediate Delivery %£$***
For Custom Versions O f Standard Models Consult O ur Applications Dept.'  75



Z V V M T - U

Rower Splitter/Combiners so*™

2-92

S C P -2 -1 0.1 to 400 MHz

FREQUENCY NSERUON LOSS AMPLITUDE ISOLATION FREQUENCY VSWR VSWR
(MHZ) (dB)

S-1
(dB)
S -2

UNBALANCE (dB) 
1 -2

(dB)
1 -2

(MHz) S 1

0100 3.26 325 0.01 * 28 83 0100 116 1.27
0200 326 3.27 0.01 30.54 0.200 113 122
0500 324 3.24 0.00 31.67 0.500 112 1.20
1000 322 323 0.01 33.78 1.000 1.10 1.15
2.000 319 3.19 0.00 33.87 2000 1.10 1.13

5000 316 3 16 0.00 33.17 5.000 1.10 1.10
10000 316 316 0.00 33.01 10.000 1.11 1.09
20000 317 3.16 0.01 33.04 20.000 1.11 109
50000 319 319 0.00 32.14 50.000 1.11 1.06

100000 324 3.23 0.01 29.88 100.000 1.12 106

102 787 324 322 0.02 29 70 102.787 1.12 106
113X36 322 321 0.01 29.39 113.036 1.12 107
133533 323 3.23 0.00 28 70 133.533 1.12 1.07
200.000 3.32 328 0.04 2699 200.000 112 106
400000

S C P -2 -1  A

362 356 0.07 2442 400.000 1.27 1.19 

1 to

VSWR
2

128
1.22
120
1.15 
1.13

1.10 
109 
109 
109 
1.06

1.06
1.06
107
106
1.16

FREQUENCY
(MHz)

1.000 
2 000 
5000 

10000 
20000

50 000 
100000 
120000 
135 000 
149000

164000
179000
200300
275000
550000

INSERTION LOSS
(<*)
S-1
335
329
324
3 2 1
321

322 
327 
327 
327 
3.25

329
331
332
333 
364

(dB) 
S-2 
339 
329 
323 
3 19 
321

323
324 
326
329 
326

3.26
330 
333 
333 
356

AMPLITUDE 
UNBALANCE (dB) 

1-2
004
000
0.01
0.020.00
0X1
009
001
002
001

0i01
001
0.01
000
0X6

ISOLATION 
<<*> 
1-2 

2645 
26.70 
3326 
3659 
37 .33

34X1 
2989 
28 73 
27.97 
27.34

2665
26-23
2S.81
2435
4147

FREQUENCY
(MHZ)

10002000
5X00

10.000
20.000

50000
100.000120000
135000
149000

164.000 
179000
200.000 
275000 
560X00

VSWR
S

111
1.09
1.09
1.10 
1.10

1.10 
1.11 
1.11 
111 
112

1.11 
111 
1.12 
110 
1.23

VSWR
1

135 
129 
122 
119 
1 18

117 
116 
1.16 
115 
114

114
113 
112 
1 10 
125

VSWR
2

135
1.29
1.22
1.19
1.18

1 17 
116 
1.16
1.15
1.15

114
1.13
1.13 
110 
1.21

l^jM ini'C ircuits P O  Box 350166 Brooklyn. New Yorfc 11235-0003 (718» 934-4500 Fa* (718) 332-4661 
Distribution Center* NORTH AMERICA 800-654-7949 4 17 -3 3 ^ 5 9 3 5  f®* 417-335-5945 EUROPE 44-252-835094 f« «  44-252-837010
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case styles
outline dimensions (IS )
case
no. A B c D E F G H J K L M N P Q R s T

wt.
grams. N O T E S *

SS98 1.25
31.75

1.56
39.62

.75
19.05

.63
16.00

.39
9.91

1.50
38.10

1.000
25.40

— .125
3.18

46
11.68

2.18 
55 37

1.688
42.88

.07
178

.750
19.05

.50
12.70

.80
20.32

.45
11 43

.29
7.37

85.0 A8. A18. 
81. 06

T T io o
.250
6.35

.310
7.87

.20
5.08

.100
2.54

.050
1.27

.055 
1 40

.040
1.02

.070
1.78

.270
6.86

.050
1.27

.50 A14. F2

TTl46 .250
6.35

.310
7.87

.275
699

.100
2.54

.050
1.27

.055
1.40

.040
1.02

.070
1.78

.270
6.86

.050
1.27

.50 A14. TO

TT240 .250
6.35

.310
7.87

.20
5.08

.100
2.54

.050 
1 27

.055 
1 40

.040
102

.070 
1 78

.270
6.86

.050
1.27

.50 A2QF3

TT241 .250
6.35

.310
7.87

.275
6.99

.100
2.54

.050
1.27

.055 
1 40

.040
1.02

.070 
1 78

.270
6.86

.050
1.27

.50 A20. F0

U U 1 0 2
3.50

88.90
2J00

50.80
.50

12.70
.150
3.81

3.350
85.09

1.00
2540

.125
3.18

1.75
44.45

.20
5.06

.55
13.97

120.0 A10.C2.
017

UU179 8.50 3.95 
215.90 100.33

.75
19.05

.250 8.250 
6.35 209.55 _

.187 4.250 
4.75 107 95

.38
9.65

.500
12.70

.475
12.07

3.475
88.27

282 A4, 017

UU181
2.25

57.15
2.30

58.42
.63

16.00
.125
318

2.125
53.98 _

.125
3.18

1.13
2870

.31
7.87

.500
12.70

.125
3.18

2.175
55.24

51 A4.017

UU182 2.75
69.85

2.80
71.12

.63
16.00

.125
3.18

2.625
66.68

— .125
3.18

1.38
35.05

.31
7.87

500
12.70

.125
3.18

2.675
67.95

67 A4.017

UU187 6.00
152.40

1.62
41.15

.88
22.35

.250 5.750 
6.35 146.05

.810
20.57

.144
3.66

3.00
76.20

.44
11 18

1.00
2540

— _
274 A4. D23

UU188 3.50
88.90

2.13
54.10

.88
22.35

.150
3.81

3.350
85.09

1.06
26.92

.125
3.18

1.75
44.45

44
11.18

.89
22.61 _

— 184 A4. 023

UU215 4.00
101.60

1.25
31.75

.38
9.65

.125
3.18

3.875
98.43

.500
12.70

*2-56 2.00
50.80

.19
4.83

.500
12.70 _

1.125
28.58

77 A4.D17

UU233 1.50
38.10

1.00
25.40

.38
9.65

.125
3.18

1.375
34.93

.500
12.70

*2-56 .75
19.05

.19
4.83

.50
12.70

28.0 A8.B8. 
C 2 017

UU244 2.25
57.15

1.25
31.75

50
12.70

.150
3.81

2.100
53.34

.62
15.75

.125 
3 18

1.12
28.45

.19
4.83

.50
1270

70 A4. C2. 017

UU449 9.78
248.41

3.13
79.50

.88
22.35

.200 9.580 
5 08 243.33

- .144 4.89 
3.66 124 21

.44
11 18

.89 
22 61

.200
5.08

2.930
7442

840 A4. 025

W l0 5 .085
2.16

.060
1.52

.008
.20

.020
.51

.256
6.50

.012
.30

.025
64

.015 A13. C4. E2

WW107 .020
.51

.10
2.54

.020
.51

.092
2.34

.085
2.16

.060
1.52

.006
.20

.026
.66

4)15 A13. C4. E2. 
F4

X X 1 1 2
.18

4.57
.18

4.57
- .40

1016
.36 

9 14
.050
1.27

.015
38

.005
.13

.005
13

.07 
1 78

06
1.52

.100
254

.03 
0 76

.420
10.69

.15 A1&E2.F19

X X 2 1 1
.163 
4 14

.202
5.13

.077
1.96

.25
635

.22
5.59

.050
1.27

.017
43

£09
.23

.025
.63

.03
76

— .050 
1 27

.03
C.76

.270
6.86

.10 A13. E2. F16

YY101 .75
19.05

.38
9.65

.20
5.08

.010
.25

.050
1.27

.020
.51

.200
5.08

.075
1.91

.600 
15 24

450
11 43

- .47
11.94

100
254

.150
3.81

1.6 A13. E2 E5 
FS

Y V io q
.75

19.05
.38

9.65
.20

5.08
.010

.25
.050 
1 27

.020
.51

.200
5.06

.075
1.91

.600
1524

.72
18.29

.74
1880

100
254

.150
381

16 A13. EZ E5. 
F0

YY161 .75
1905

.38
9.65

.28
7.11

.010
.25

.050 
1 27

.020
.5’-

.200
5.08

.075 
1 91

.600
1524

450
1! 43

- 47
11 94

.100
254

.150 
3 81

1.6 A13. E2 F6

ZZ121
1.25

31.75
1.25

31.75
.75

19.05
.63 

16 00
.38

965
61

1549
— .800 

2032
.800

20.32
76

1930
.125
318

1688 
42 88

2.18 
55 37

.75
1905

.07 
1 78

850 A10. A18. 
81 06

tolerance .x±.1 .xx±.03 .xxx±.015 inch
*  N O T E S :

MATERIAL AND RNISH C.
A l. Header materia* C.R.S. Pm material: *52 aloy. finish: electro tm. hot o« 

flowed Cover material cupro-nickel
A4. Casematenc* aluminum atoy. Fntth indite per MB.-C-5641.
A6. Case material: aluminum aloy. Finish: blue paint over Incite.
Aft. Co m  material: aluminum a*oy. Finish: case rtdrte Heat snk. black 

anodtee.
A10. Case material: aluminum a»oy. Finufv grey pamt or ye»ow Iridtte.
A l 1. C aie material: aluminum aSoy. RnMv blue anodized q
A13. Case material: plastic. Lead flnah: Tin or tlrvteod plate.
AM Ccee material: ceramic or plastic, ceramic base. Terminations: 

pafcxftum platinum stver.
A15. Case material: leovcv. Lead material kovar. Finish: gold plate per MIL-G- 

45204.
A18. Mounting brocket finish: iridtte or clear anodize. _
A20. Case material: ceramic Terminations: solder plate over nickel. Board 

edges straight.
MOUNTWS
Bl. Mountr»g brocket available on request. Ada suffix B to part number
87. Pin's meniscus (of header) 0.015* max.
68. *2-56 UNC-2B mounting holes provided to .32* do op mrtmum.

oz. = grams x.0353

MARKING
C2. Consecutive martang n«no. of way power spatter.
C4. RF input lead (1) identified by diogonaly cut lead: the cut may be 45*(re0 *  

either direction. It may also hove an oddfflonai orientation mark. Model 
dash number identified by color dot or alphanumeric code on case See 
specification data sheet.

C5. RF output k identified by index mart, model dash number by alphanumeric 
code.

CONNECTORS
06. Connectors; Female SMA only. Male SMA avalabie on reauest. consult 

factory.
017. Connectors: Female SMA only.
023. Connectors: Please specify female type N or SMA.
025. Correctors: Female N standard. For other connectors consult factory
SPECIAL TOLERANCES
El. Pn dkmeter *.005 inch.
E2. leod width ±.010: lead thickness ± 005 inch.
E5. For SCM mtxea long lead version (YY109) is avalabie upon request, consult 

factory. To order short leod version (case YY101) odd-NL suffix.
PACKAGING
F0. Not avaiabie m Tape & Reel.
FI-29. Tape and reel packaging avalabie. See Tape and Reel Packaging

Information for detcis. To order Tape li Reel vemon add -IR suffix to mode

£ 3  Mini-Circuits INTERNET http://www.miniclrcuits.com 
P.O. Box 350166. Brooklyn. New to r* 11235-0003 (718) 934-4500 Fax (716) 332-4661 

Distribution Centers NORTH AMERICA 800-654-7949 • 417-335-5935 • Fax 417-335-5945 • EUROPE 44-1252-635094 •  Fax 44-1252-837010
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ANALOGUE INPUTS
The analogue inputs IN HI, IN LO, REF HI and REF LO are differential inputs. They respond to the voltage 
across them and not their voltage with respect to 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 that the DPM 3S 
generates its own negative supply of approximate^ o V below GND). If there is any danger that an input 
'may be taken beyond the power supply rails, a series resistor MUST be fitted to limit the input current to 
less than 10OjiA. For optimum performance use a heating supply and connect IN 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+

V,

V,-

OPEN. V+in 3 
♦ * = 1 - IN HI

INLO
;>--------- s REF HI

_____ 5 REFLO
V-

V-

Driving battery annunciator with 
associated logic and low battery 
oetection circuitry.

Measuring the ratio of two voltages. 
Reading = 1000V,/V2 
5 C n V  *• V i <• ZTCrr:'
V, < 2Va.

Measuring 4-20mA to read 
0 • 999 (supply MUST be

Check Link REF 
Is doesd

-V+

INPUT . 
VOLTAGE

“ Ml 3

jT  2

V*
IN HI

INLO
COM
REFLO

V- GND

Measuring a floating voltage source of200m V 
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).

Check Link REF ~ to *
! •  H m a H  --------- 1 2 -

V+
Is closed

Vln

Vbff

r v  IM 3 v+
IN HI 

COM 

INLO

Zero d isplay when applied input is not zero, 
the offset and input voltages should be 
applied as shown.

v+
Check Link REF “ Tjf
Is closed. -----d—-

r .  im 3
±200mVj y W j2

♦5V

E

IN HI 

INLO 
COM
REFLO 

GND
3 L c v

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

SpocHictbon* may ehtng•  without prior warning U  m  issue 2 JUNC94 S.P.W. (APPLIES TO P.C.B. DPM3I?)

Ultra Compact

0 11 mm Digits

0 Ultra Low Power

4 * Snap-in Integral
Bezel

0 Single Rail Version
(DPM 3S)

3V2 Digit Subm in iatur; LCD DPM 3
The DPM 3 uses advanced components and the late st miniaturisation techniques to produce a compact 
DPM module. Miniature size means the module car >e integrated into the smallest of enclosures for local
indication. Its low cost means it will 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 built in negative rail generator, enabling 
the meter to measure a signal referenced to its own power supply 0V.

SPECIFICATION MIN. TYP. MAX. UNIT
Accuracy (overall error) 0.1 % (±1 count)
Linearity ±1 count
Sample rate 3 per/sec
Temperature range 0 50 °C

Temperature stability
Normal 200

ppm/°C
S-type 100

Supply voltage Normal V+toV-) 7 9 14 V
S-type (V+ to GND) 3 5 7

Supply current Normal 150
maS-type 250

Maximum D.C. input voltage ±20 V
Input leakage current (Vin = OV) 1 10 PA



DIMENSIONS All dimensions in mm (Inches)

40.00 (1.67) 

27.3 (1.07) a u

n

1*  e e e e e e e
* s
* i

37.S (1.78)

a. 2.00 0.08)
b. 6.00 0.24
c. 1.00 0.04
d. 6.00 0.24
e. 2.54 0.10
f. 0.50 0.02

fl. 6.00 0.23
h. 2.00 0.08

Panel cutout
38.0 x 18.0 (1.50 X 0.71)

Panel thickness
1.0 to 2.5 (0.04 to 0.1)

PIN FUNCTIONS
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 analogue section ».! A / D nt e, ;er, ii is actively held at 2.8V below V+ and must

not be allowed to sink excessive curr >nt (>  1 OOfiA) by, for instance, connecting to a higher 
voltage.

5. REF LO. Negative input for reference voltage.
6. 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

seconds 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 not factory fitted.) Connecting this pin to XDP (pin 10) will turn the battery annunciator

on (ensure Link BAT is open when driving annunciator). See Applications for low battery 
sensing circuit.

ON BOARD LINKS
On board links can be made with a solder link to ir lplement features.
DP1. Make to turn on DP1 (199.9).
DP2. Make to turn on DP2 (19.99).
DP3. Make to turn on DP3 (1.999).
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.

COMPONENT LAYOUT - FRONT VIEW

Component on underside 
1— 'of PCB.

! ;S-type modules only.

SCALING
A potential divider may be used to alter the full scale reading of 
the meter - see table.
Note
The meter will have to be 
re-calibrated by adjusting the 
calibration pot R3 at the rear 
of the module.
* Input must not exceed 
±250V.
If input is to exceed ±250V 
use Ra = 10M, Rb = 1k and 
ensure that Ra is rated for 
high voltage use.

----- 1
Raf

INPUT T
Di.ll

Q

XlOnF
IN HI

T 2 INLOj  •

REQUIRED F.S.R. Ra Rb
2V 910k 100k
20V 1M 10k
200V 1M 1k
2kV* 1M 100R

1k200uA OR
2mA OR 100R
20mA OR 10R
200mA OR 1R
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INTERNATIONAL SERIES 
DC POWER SUPPLIES

ORAWINC NO. 51281 REV. L
SPECIFICATIONS AND APPLICATION DATA

VOLTACC/CURRENT RATING CHART

M ODCl
SMCLC OUlPUi
MAS—1.5/O VP-A
H A 15-0 .9-A
H A 24-0 5 -A
N 9 2 -3 -A
H B 5 -3 /0 *> -A
H 8 1 2 -1 7 -A
M B 15-15-A
H 024-1 2 -A
H 8 2 8 -1 -A
M C 2-6-A
M C 5 -6 /0 *» -A
H C 12-3.4-A
H C 15-3-A
M C 24-2.4-A
H C 28-2 -A
M 0 2 -I2 -A
H 05-12 /0 V P -A
M 012-6 8 -A
H 0 1 3 -6 -A
M 024 -4 .8 -A
MO 2 8 -4 -A
M C 2-18-A
HC3-1S/O VP-A
► C12-10.2-A
H C 15-9-A
H £ 2 4 -7 .2 -A
H C 28-6-A
H N 5-9 /O V P -A
M N 12-5.1-A
H N I3 -4 .5 -A
H N 24-3 .6 -A
H N 28-3 -A
OUAL. OUTPUTS

3.0

6.0

12.0

18.0

L S

3.0

6 0

12.0

8 0

9 0

fcf or OJ

1.7

3 4

6.8

10.2

5.1

1.5

3.0

6.0

9 0

4.5

UJJ or 05

1.2

2.4

4 8

7 2

3.6

1 0

20

4 0

6.0

3 0

MAAS-1.5/0VP-A
MAA15—0.8—A
H A A 24-06-A
HAA512-A
H A 012-0 4 -A
M A015-0 4 -A
H 883 -3 /O V P -A
H BB15-1.5-A
H 0824-1 2 -A
HB8512-A
H C C 5-6/O VP-A
H C C 15-3-A
H C C 24-2.4-A
HCC512-A
HQQ 15-5-A
TRIPLE OUTPUTS

i 5 1
’ 0 or 0 81

1 0
lar'i

3 0
17 gr 1.5I

3.0 25 s»̂ .25
6.0 I

J 4 or 30

6.0 "i s >25
50 «r 50

Q-« o» Q.6

OJ or i j

1.8 or 2 4

U T T
•0 4 or I 0 or 0 8

SL*
SLf

3 0
•0 7 or 1 7 or 1 5

6 0
3«  or 3 0

I
5 0 or 5 0

Q.« o> 0 6

0 9

1 8 or 2 4

AA
AA
AA
AA
B
e
BB
8B
BB
BB
CC
cc
CC
cc
c

HTAA-16W -A
H 0A A -4O W -A
NCAA—60W -A
HC8B-75W -A
H06B-105W -A
CP131-A
HICH VOLTACr

iQ
3.0
6.0 
6.0 
12.01 
8 0

f i i  or d j 
1.0 or a t

» : «
1 7  or i. !  
.7 or l . i

•04 «rv0 4 « V0 4 AA
•54 or r y or 0 1 Baa
•0^ or 10 or 10 0
*57 or a er I S
•07 sr 1.7 or 15 OBB
•0.7 ar 1.7 or 1 5 131

MOOCL
I H 8 4 8 -0  3 -A  
H C 48-1-A  
N 0 4 8 -3 -A  
H C 48-4 -A  
H 012 O -O .2 -A  

I H02OO—0.12—A 0 
[ HB25Q—0.1—A

>4SV mrfT'.rm •250V

SL2

♦ 7 ^  Jjmpor on P d  |«r 
t  [<* ±  W . rater to cfcoMto s *  scree*.
•  18#V. rolor to  ahoeats iH n c r m
*  ’ 2V  to  15V o d ) iM a M  output 
—  indlcotae no rem ole sonso

«22J*22!i22LS!!SCSl^2»£!l22S2JSiI!l2SlLJI2!i2S

0.12 or JJJ2 
1 0 1
-5 V .

c a s t

£EAIL!B£S
-  >©E tronsformar construction
-  i  05% /agulotian.
-  T C burnad-et to M IL -683  Lev B
-  Chot»a nolchtd for AC input
-  1 0 0 /1 2 0 /2 2 0 /2 3 0 -2 4 0  VAC
-  Industry standard s<it

SPECIFICATIONS

-  full roted to 50*C
-  Remote sense -  most outputs
-  U l recognized/CSA certified
-  OVP on 5V outputs
-  2 hour burn-m  period
-  Foldbock/currant limit

AC INPUT i 0 0 /1 2 0 /2 2 0 /2 3 0 -2 4 0  VAC* ♦ 'O X  -13%, 4 7 -6 > »  
(Oaroto output currant I M  lor 50 H i operotion )
Sm  AC connection (obis under APPLICATION NO IIS  
for jumper nlormolion fuss Mformolion Is n o t  
to outkne and mounting Orovmge.
Soo Voltage/Current Paling Chart Adjustment rang*
♦ 5% minimum. (Vallogo nonodjuetobie an MAO models.)

♦ 05% for a 10% Ims change. (♦ '%  for HA0 models.)

♦ 0 5 *  far a 50% load change (*1%  far HA0 modois )

2V to 15V outputs 5 0mV PK-PK m ofnum  
24V to 250V outputs 3.0mV*.02%Vaut Ph-Pk moavnwm 
(HA0 modals: 0 ISVout Pk-Pfc )

TRANSIENT RESPONSE £50us for a 50 to 100% lood change 
SHORT CIRCUIT 
AN0 0VCR10A0 
PROTECTION

0C OUTPUT.

UNE REGULATION 

LOAD REGULATION 

OUTPUT RlPPlE:

OVERVOLTACE
PROTECTION

REMOTE SfNSiNC

A u to m a t ic  C u r ra n t  l im i t / f o id b o c fc .

Suiit- ’  o« o« 5v output* S«t ct 6 ?V0C *0  *v
Otf« O tU » li ""Or u*« Opi o 'r  •> o>t04« p'Ct«>:t<dn
P'o<ooei o» m o t i  m o t f m  oor \»n* t  i r o d  protsction 
bu<<l -  <n
; 0  W  'o' J4 >.ou' period oM«' 1 nou' *o "T'-UBSTABILITY

TEMPERATURE RAT1NC 0*c 10 50*C *uii-roteO. dc'oted i-neo^r «o 40% ot ?0*C 
<2 Cfy forced o" coo<>ng 'equ*ed in meet «EC 380/950  
above 80% o< toto< roted output po*e'

TEMPERATURE
COEfTiClENT

EfTiClENCY.
(typicoi)

VIBRATION
SHOCK

1 03%/*C monmvn

2V to 5V outputs. 45% 
i?v ond I5v  outputs 55%
24V through 28v k  48v tnrougn 250v output* 60%
Per MIL-STD-6'00.Method <514 3.Category 1.Procedure I
Per Mtt.-ST0-8i00.itathod'5l6.3.ProceOu'e m
• Toler one* tor 230VAC oparolion is *15%. -  'OX 
Note «pecif>cotion« subject *.o change «<tnout not>ce

WARRANTY
POwCR-ONE. INC trarronts eoch power supply o 1 its monufocture 
thot doas not perform to published specifications, os o result of 
defective moterinis or workmanship, for o period of two (2 ) fuN 
ysors from the dote of origmol del'very

POwCR-ONE. INC. ossumes no liobililies lor the consequential 
domogos of ony kmd through tha use or misuse of its products 
by the purchoser or othars. No othar obligations or liobilities 
ore OKpraesed or mplied

PROOUCTS RETURNED FOR REPAIR
Plaosa foHow this procedure whan returning products for servicing

1. Contoct Powe»-One's Customer Service Deportment ior 
outhoritotion to return products

POtnCR-ONE, INC PHONE: (8 0 5 ) 9 8 7 -8 7 4 1
740 CoMe Ptono (8 0 0 ) 6 7 8 -9 4 4 5
Comorillo. CA 93012 Fa x  (8 0 5 ) 3 8 8 -0 4 7 6
USA TWX: 9 1 0 -3 3 6 -1 2 9 7

2. A Returned Moteriol Authorizotion (RMA) will be issued ond 
must oppeor on oH shipping documents and contomars.

3. ProOiCts must be returned freight pro—poid.
Products returned freignt collect or without on RMA number 
wM be rejected ond returned freight collect.



APPLICATION NOTES: M tfC *

REMOTE SENSE
Remote h a h  I t m i M l i  moy b «  u N d  to cempeneote for output Nno 
lessee and provid* for e remote point of rtfuM ion . Figure 1 shows 
tho proper termination for o power sjpply with remote sensing.

POINT OF REGULATION N

♦ OUT OH
♦  SENSE O-" V )O O O l ? - CO

-  SENSE O -

FIGURE 1

Load lines muet be sized to prevent an exceesivs voltage drop from the 
output to the lood. Since the point of regulation is at the load, the 
powsr supply muet compensate for line losses. Excessive lood line 
ioeees may affect current limiting, AC line dropout point and OW mar­
gin (tf applicable).
Leods should be sized to drop "o mare than 0.5V -  tho lees the better. 
Uee of a twisted pair or shielded poir for the sense lines Is recom­
mended for noiee immunity. In problem applications, the uee of a sma> 
AC decoupling copocitor (.1 to 10uF) ocroes the sense terminols it 
highly recommended. In some applications there may be a tendency far 
the power supply to oscMbte due to additional phaee shift caused 
by the series resistance and inductance in the lood leods. The 
o d d i i i o n  of capacitor Co wM reduce output impedance and provide 
stability. The recommended value of Co is lOOuF per ampere of 50uF 
per foot ond con be the sum of the distributed decoupling capacitors 
found in most systems.

All Power-One supplies hove open sense leod orotection to protect the 
lood from an overvoltage condition if the sense leods are removed.
There is no need to strap the sense terminals to the output terminals 
in the local sense mode.

OVERVOLTAGE PROTECTION (OVP)
An overvoltoge protection circuit, commonly refered to as a crowbar, 
is used to prevent damoge to vattoge sensitivs loads such os TTL logic. 
Trip point of the OVP is usually set at 115% -  135% of the output 
voltage. The OVP wil short the output terminols upon sensing a fault 
condition. The primary fuss of the supply wffl blow If the supply is 
not foldbacfc current limited. Nuisonce tripping of the OVP is o common 
problem. Noise from input line spikes or lood noise can causa an OW  
to fire. The INTERNATIONAL SERIES hos OVP noise filtering to prevent 
nuisance tripping ond reduce transformer interwinding capacitance to 
minimize input line susceptibility.

COMMON—MODE LATCH UP
In certain instances dual power supplies con exhibit o problem known os 
common-mode latch up. This occurs when the positive supply comes up 
first and forces o reverse bios condition on the negative supply. The 
negotive supply latches up in o current lim it condition. Power-One hos 
incorporated o unique onti-latch circuit into every dual power supply in 
the INTERNATIONAL SERIES which wil minimize this problem.

EMI/RF1
These linear power supplies have inherently low conducted ond radiated 
noise tools, fo r most system applications they s i  meet the require­
ments of fCC Docket 20780 for Class A equipment and VDC 0671 for 
Ooss A equipment without additional noise filtering.
For spedW applications consult factory.

COOUNG
Convection cooling is adequate where non—restricted air flow is 
available. Mien operating in a confined area, moving oir or con­
duction cooling is recommended.

SAFETY SPECIFICATIONS
The MTERNATKMAL SERIES power supplies wars designed to meet or 
exceed requirements for the following specifications: IEC 380, IEC 435. 
VOE 0730 Part 2. VO€ 0804. ECMA-S7. CEE 10 Part 2P. UL 1012.
CSA 22.2 No. 143. CSA 22.2 No. 154. Specifically field terminal to 
terminal opocing is 5.25 mm with 9.0 mm croopogo to other m etal, 
leakoge current is less than 5.0uA and dielectric withstanding voltages 
are 3750 VAC input to  chassis, 3750 VAC input to output and 300 \OC 
output to  chassis.

GROUNOXG
G rounding n sn eid w etio n s  in  d es igning s  p o w e r d b tr ib u tio n  s y s te m  e r e  
o f te n  svsrtB shsd b u t  c a n  h o v e  o  s ig n ific a n t im p a c t  o n  M r d l  s yste m  

lerm on ce- A singfe p a in t  s y s te m  g ro u n d  s h o u ld  b e  em p l 
p e o e M e  t o  s ftw lw l s  g ro u n d  lo a p e  e n d  Im p ro v e re g u la tio n .

FIGURE 2

Figure 2 shows a simple but undesirable connection scheme. Regulation 
ot loods 2 and 3 becomes progressively worse due to voltoge drops in 
the finite wire resistance between loods. Figure 3 shows an improved 
connection system jn which regulation is maintained a t a i three loads 
bocouso wire loesss ore not cumulative.

AC INPUT CONSIDERATIONS
Almost aN power suppliee use o capocitive input filter that draws 
current only ot the peaks of the AC input voltoge. The peak to RMS 
rotio can be very high, typically 3 to 1. Wien o supply is turned on, 
the input capacitor has o very low impedance ond draws an in itial y 
high surge current unti it chorges to its nominal voltoge. The input 
our go current con be as high os 20 times the rated input current and 
lasts for several cyciee of the AC input

AC CONNECTION AND FUSING*
The five wire input to the INTERNATIONAL SERIES provides four voltoge 
ranges: 1 0 0 /1 2 0 /2 2 0 /2 3 0 -240»» +10X. -13% . See chassis AC connection 
table (Figure 4) for the jumpering requirements. For convenience the 
jumper sequence from the Hi— Vol series is retained. Extended low line 
tolerance provides additional drop out margin m i areas where Hns 
voltoges ore marginal. Inputs must be fused.

FIGURE 4

PRIMARY

)y -2 2 0 /2 4 0  /
100/120 / A  100/120 /

© y y y y y
4 2 3 1 5

AC INPUT. 4-7—6 3  HZ

FOR USE AT
100
VAC

120
VAC

220
VAC

2 3 0 /2 4 0
VAC

JUMPER
1&3
2& 4

1&3
2&4 2&3 2&3

APPLY AC 1&5 4*1 1&5 4&1

NOTE: This product is o Class 1 power supply and requires the chassis 
to be connected to  earth ground ot and oppMcotion.

•NOTE: Use 700*C iron for soldering input connections.
Varnish acts as flux and is solder strtppflMs.

••NOTE: Tolerance far 230VAC operation Is +1S& -10% .
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B CASE
WT. 2 IBS.

OC OUTPUT

.108 OU MIC HOLES 
fU9C AT: 0 .5 /0 .2S AMPS FOP 100-120/220-240  VAC

(OPT)

n n s i r m
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E CASE
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t t f

OC OUTPUT

OU MIC. MOLES (UPl)
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M W  iwn.

OUTPUT

AC MPUT

—K
C CASE
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n i a n / o

0 CASE
WT. 7.5 IBS.

[ j  ^ A C W P U T 0 * »  (OPT)

-.168 OIA MTC. HOLES (1«PL)

FUSE AT: 2.0/1.0 <M*PS FOR 100 -120/220-240  VAC

nEE*BZE3

M L K iE IE iM i
H E X R 1E E 3E 1

n r a a irF-»
D Q ^ m a

OUTPUT

« P  (OPT)

AC MPUT

A A  CASE
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]

]
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101 ILlXljJ 

UI'^'IDKM
i - in ^ a c m a

F i n F i i F K i
E » H r5 J K *n i 
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MIC HOLES (8PL)

fuse  o s / u s  w n  pom 10 0 - 100 / 2 2 0 -2 4 0  vac
NTAAe O J S /U m  AMPS FOR 100 -120 /220 -240  VAC



OUTLINE AND MOUNTING DRAWINGS

BB CASE
WT. 4 LiS.
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GPO Series Selection Guide

GPO SERIES LOW COST AMPLIFIERS, TO-12 PACKAGE
G uaranteed Specifications a t 0° to 50°C Case Tem perature

Model

Frequency
Response

(MHz)
Minimum

Gain
(dB)

Minimum

Gain1
(dB)

Mlnlmlm

Noise
Figure
(dB)

Typical

Power Output 
lor 1 dB Gain 
Compression 

(dBm) 
Typical

Gain
Flatness

(tdB)
Typical

3rd-Order
Intercept

Point
(dBm)
Typical

Input Power 
(±1% Reg.)

Current 
Voltage (mA) 
(VDC) Typical

Page
Number

GPD-201 5-200 30 26 30 ♦5 1 0 ♦ 13 ♦ 15 30 254
GPD-202 5-200 25 23 55 ♦ 11 1 0 ♦ 18 ♦ 15 60 254
GPM-552 5-500 33 32 45 0 02 ♦ 14 ♦ 15 34 264
GPM-1052 5-1000 20 20 70 ♦8 03 ♦20 ♦ 15 60 268
GPO-251 5-200 25 23 40 ♦ 1 1 0 ♦ 10 ♦5 30 256
GPD-252 5-200 15 14 40 0 10 ♦ 12 ♦5 11 257
GPD-401/-461' 5-200 13 12 40 -2 1 0 ♦9 ♦ 15 10 258
GPO-411 5-400 12 11 30 -6 1.0 ♦4 ♦ 15 7 263
GPD-402/-462' 5-400 13 12 80 *8 1.0 ♦ 18 ♦ 15 24 259
GPD-403M631 5-400 9 8 75 ♦ 16 1 0 ♦25 ♦24 65 260
GPD-404/-464' 5-400 9 8 75 ♦ 17 10 ♦26 ♦ 15 70 261
GPD-405 10-400 13 12 50 ♦24 1 0 ♦36 ♦ 15 90 252
GPD-t00t/-t061’ 5-1000 12 11 60 0 1 0 ♦ 12 ♦ 15 15 265
GPD-1002/-1062’ 5-1000 12 11 70 ♦6 10 ♦ 16 ♦ 15 27 266
GPD-1003M063' 5-1000 10 9 70 ♦ 14 1 0 ♦25 ♦ 15 55 267
NOTE S. 1 The 60 Series is the same as the standard series except that three external capacitors are required to establish low frequency rc:l-o?f 

2 M ilitary temperature conditions - 5 5 s to *85°C

MAXIMUM RATINGS AND THERMAL CHARACTERISTICS TABLE
Maximim Ratings Thermal Cha/aetenstics'

Model

OC
Voltage

Continuous
RF

Input
Power

Operating
Case

Temperature
Storage

Temperature

"R* Series 
Sum-In 

Temperature OjC

Active
Transistor

Power
Dissipation

Junction 
Temperature 
Above Caas 
Teirperature

MTBf 
M IL-HDBK-217E, 

A y / @  90°C W eight
(Volts) (d8m) (°C) (°C) ("C) (°CW) (mW) (°C) (Hrs) (Grams/

GPD-201 ♦17 ♦13 -55 0+125 -62 to ♦ * 50 ♦ 125 105 33 3 1.678.671 1.5
GPD-202 ♦17 ♦13 -55 »  .125 -6210.150 ♦125 :05 117 12 1,621.478 • 5
GPO-251 ♦12 ♦ 13 -55 lo +125 -62 to +150 ♦125 105<105 23/43 2$ 1.678.323 : 5
GPD-252 ♦12 ♦13 -55 lo *125 -62 to +150 ♦ 125 105 20 2 2,000.740 15
GPD401/461 ♦17 ♦13 -55 0  *125 -62 to +150 ♦125 90 14 2 2,045.316(0) *.5

GPW02M62 ♦17 ♦13 -5510+125 -62 to +150 ♦125 90 82 7
2388.527(461) 
2.325.901 <4C2) )5

GPD403M63 ♦25 ♦ 13 - 5 5 B +125 -62 to +'50 ♦125 85 275 23
2.640 329 (462) 
3.058 127 (403) 15

GPD404M64 ♦17 ♦13 -55 to *115 -62 to +150 ♦115 85 330 28
3.602.215 (463) 
2.435.672 (404) 15

GPD405 ♦17 ♦13 -5510 .100 -62 to +150 ♦100 55 750 41
2512.908 (464) 

1,607.022 15
GPD411 ♦17 ♦13 -55 to +125 -62 to +150 ♦125 105* 24* 3* 1.608,303 1.5
GPM-SS2 ♦17 ♦17 - 5 5 o +100 -62 to *100 +100 135.135 85/85 12/12 _ 1 S
GPD-1001/-1061 ♦17 ♦13 -5510 +125 -62 to +150 +125 105 37 4 1.639,228(1001) 1.5

GPD-1002M062 ♦17 ♦13 -55 to +125 -62 to +150 +125 105 816 9
1.910.397(1061)
1.639.228(1002) 15

GPD-1003/-1063 ♦17 ♦ 13 -55 to +125 -6? to +150 +125 75 185 14
1,882.476(1062) 
869,341 (1003) 1.5

GPM-1052 ♦17 ♦ 17 -55 to +71 -62 to .71 +71 1X130 125/175 16/23
2,101,101 (1063)

1.5

NOTES 1 Values refer to 1 st and 2nd  stage transistors respectively. 
2. For further information, see High Reliability section.

A vanttk , Inc. •  «81 Cononwooo O n » . MipiiaB. CA 95035 •  G a w au  O tt<» (408) 432 3080 •  Component Sale* (408) 9 0 * 2 9 6  •  TWX 910-338-2206 •  FAX (408) 432 3J* J

- 2 5 3 -



0A V A N TEK Thin-Film Cascadable 
Amplifier Module 

5 to 400 MHz
GPD-402/462

TYPICAL PERFORMANCE OVER TEMPERATURE :® ♦ 15 VOC unless otherw ise noted) 

Gain Noise Figure
17 

S  »•
S 7
<?•
I *

100 >00 300
Frequency, MHz

to
1.7S

too 200 XO 
Frequency, MHz

___ Input VSWR

J  »°QDC

O g 
CD 7» a •o •  •

s l :

2.0

1.7S

Power Output

too 300 100 
Frequency, MHz

Output VSWR

KEY: ♦25°C'
♦as-c--------------
-SS’C------------

<00 200 XO  

Frequency, MHz

Third-Order Intercept Point

200 XO
Frequency, MHz

29

28

27

A 26
“ 25

24

100 200 300 40
Frequency, MHz 

Second-Order Intercept Point

100 200 300
Frequency, MHz

AUTOMATIC NETWORK ANALYZER MEASUREMENTS ( T yP ,c a i p r o d u c o o n  u n i t  @  + 2 5 ° C  a m b ie n t )

NUMERICAL REAPINGS BIAS = 1 5 . 0 0  VOLTS
FREQ
MHz

VSWR
IN

GAIN
dB

PHASE
OEG

PHASE
DEV

GPDEL
ns

VSWR
OUT

ISOL
dB

100 0 1.63 14 33 174 29 02 00 1.45 23 '0
1S0 0 1 60 14 23 170 90 05 18 1 46 23 27
200 0 1.56 14 24 16776 33 20 1 45 22 92
250.0 1.53 14.17 163 S9 - 4 0 20 1.45 22 76
300 0 1 .S3 14 23 160 48 -.11 19 1.45 22 49
3S0.0 1 55 14 22 156 84 - 3 2 18 1.47 22 00
400 0 1.58 14 09 154 18 43 17 1 51 2i 79
450 0 1 68 14 11 150 88 21 1 54 21 28
SOO.O 1 83 13.97 146 56 21 1.61 2V01
550.0 206 13 81 143 23 22 1.70 20 54
600 0 2.33 13.76 138 65 26 1 82 20 37
650 0 2.67 1338 133 97 24 1 97 20 05
700 0 3.08 13 05 130 10 22 2.15 19 79
750 0 3 60 12.74 126 17 24 2.35 19 62
800 0 4.17 1236 121 50 22 2.S8 1988

S-PARAMETERS, MAGNITUDES AND ANGLES BIAS = 15.00 VOLTS
FREQ S„ Sn s „ s»
MHz Mag Ang d8 Ang dB Ang Mag Ang
100.00 235 -1796 14 333 174 0 -23.399 156 183 3 2
150 00 230 -178.7 14.267 170 8 -23.288 2 3 6 .181 8 7
200.00 221 -177 6 14 297 167 9 -23 158 28 4 183 113
250 00 209 -1733 14.22S 163 6 -22.753 3 6 3 .181 14 4
300 00 207 -168 0 14 267 160 7 -22.286 42.9 185 18 2
350.00 .212 -1608 14 253 1569 -22 099 49 7 .187 24 2
400 00 22a -154 2 14.179 154 0 -21 392 55 4 196 29 4
450 00 258 -148 9 14.178 1505 -21 186 S8 8 .209 34.4
500 00 29» -146.4 13.985 146.4 -20.985 64 6 231 38 2
SSOOO 346 -145 8 13 839 142 9 -20 484 67 1 259 41 0
600 00 .400 -147.2 13.746 138 4 -20.2S0 71 3 292 41.7
650.00 .457 -150.1 13.382 133 7 -20 036 75.1 329 41.1
700 00 512 -154 7 13.047 1300 -19 837 77 9 366 39 4
750 00 569 -159 7 12 735 126 1 -19 672 79 9 406 36 7
800 00 .617 -164 5 12.341 121.4 -19 820 81 9 441 328

AifWHrtt, Inc. •  481 Cottonwood Onve. Mitxtas. CA 95035 •  Ganafai Office (408) 432 3080 •  Coffvonera Sates (408) 943-4296 •  TWX 910-338-2206 •  PAX (408) 432-3243

- 2 5 9 -



9.2 Diodes and Rectifiers Germanium
Diodes

I b o i -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 voltage 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 tunnel diode switch­
ing circuits. The germanium back diodes are characterized in seven types accord­
ing to the forward current at a forward voltage of 90 millivolts and according to 

the maximum reverse leakage current.

absolute maximum ratings: (2 5 °C ) (unless otherwise specified)
A X IA L  OIOOE O U T LIN E

Port Number

Forward Current 

(-55 to + 100°C)

Reverse Current 

(-55 to + 100°C)
Lead Temperature, 

from case for 10 seconds

1 2
30 15

10 5

1/16” + 1/32”

260°C

3 4 5 6 7 units I

10 5 5 5 5
C=

5 5 5 5 5 ma 111  l

t=iq: 0*5WAS
' I

0*0]
♦ 00*1- -OO' 1 1000

020 • . 00* 
lDOO - 00«

electrical characteristics: ( 2 5 ^ )  (unless otherwise specified)

Sym. B01 BD2 B03 B04 B05 BD6 BD7 Units
Forward Voltage, VF, =90 MV ± 10 mv

at lF1 = 10 5 *> 1 .5 .2 . 1 ma

Forward Voltage at IF: (IF2 =31Ft ) VR 120 130 170 170 170 160 160 mv typ.

Reverse Voltage, IR =IP max ^ ri 440 420 400 380 350 330 330 mv nun.

Reverse Voltage, IR =1 ma ^R2 440 465 465 465 465 465 465 mv min.

Reverse Peak Point Current 1 .5 2 .1 .05 .02 .01 ma max

Series Inductance (Measured at case) L s 1.5 1.5 1.5 1.5 1.5 1.5 1.5 nh typ.

Total Terminal Capacity C 8 6 4 3 3 3 3 pf typ.

(VR =350 mv) 20 10 10 10 10 10 10 pf max

Recovery Time* tr 1.0 0.7 0.5 0.4 0.4 0.4 0.4 ns 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 50 ohm source. Since the back diode does not exhibit charge storage, the recovery time is deter­

mined by the charging time of the total device capacity.
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How to Order
Part Number Explanation
EXAMPLE: 08051A101JATMA

0805 101 M

Size
(L* x W ) 

0504 
0603 
0805 
0508 
1005 
0907 
0612 
1206 
1505 
1210 
1510 
1805 
1808 
1812 
1825 
2321 
2225 
3640

Voltage
16V = Y 
25V = 3 
50V = 5 

100V =1 
200V = 2 
500V = 7 
600V = C 

1000V = A 
1500V = S 
2000V = G 
2500V = W 
3000V = H 
4000V = J 
5000V= K

Dielectric
NPO = A 
X7R = C 
25U = E 
Y5V = G 

Special = T

Capacitance
Tolerance

C = ±.25 pF*
D = ±.50 pF*
F = ±1%
G = ±2%
J = ±5%
K *  ±10%
M = ±20%
Z = [+80, -20]% 
P = +100%, -0%

Capacitance
Code

(2 significant digits 
+ no. of zeros)** 

Examples: 
10pF = 100 

100 pF = 101 
1,000 pF = 102 

22,000 pF = 223 
220,000 pF = 224 

1 105

Terminations
NiGuard®

Standard:
T *  Plated Ni 

and Solder 
Specials:
7 = Plated Ni 

Gold Plated
Pd/Ag

Standard:
1 = Pd/Ag

Others 
Consult AVX

Failure
Rate

A = Not 
Applicable

Special
Code

A=Standard 
T = .026* 
Max. Thk 
S = .022- 
Max. Thk 
R = .018* 
Max. Thk 
P = .015* 
Max. Thk

Marking
Packaging

M = T  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 - T  Reel Paper
Tape/Unmarked

3 = 13* Reel
Embossed Tape/ 
Unmarked

4 = 13" Reel Paper
Tape/Unmarked 

B = Bulk/Marked 
9 = Bulk/Unmarked

t  C&D tolerances from 10  pF to 91 pF 
** For values below 10 pM, use "R" m place of 

decimal pcnnt e.g^ 9.1 pM -  9R1.
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NPO Dielectric
General Specifications

NPO is the most popular formulation of the 
“temperature-compensating,” EIA Class I 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.

Capacitance Range
0.5 pF to .027 nF (1.0 Vrms, 1 kHz, 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

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

I r \  i ' it i A

1. 10.000

Aging Rate

100
Hours

Impedance vs Frequency 
0805 - NPO 

10 pF vs 100 pF vs 1000 pF

10.000

100 1000 
FREQUENCY. MHz

Impedance vs Frequency 
10,000 pF - NPO

1812---------
2225-------
1825------

FREQUENCY. MHz

Impedance vs Frequency 
1000 pF - NPO

1206------------*
1005----------v '
0805--------  \
1812------1210—

Temperature Coefficient

Temperature °C

0 011_________________ _ _ _ _ _ ______________ -
0 1 1 0  10 100 1000

FREQUENCY MHz

I *0 ’

1 0

< - 0 1  

- 0.2

25 50 75 100 125 150 175 200 
D C Volts Applied

Insulation Resistance vs. Temperature
-  10 000 

E£ 1000 o

0
♦ 20 +25 *40 *60  +80 +100 +150 

Temperature °C

Voltage Coefficient

Impedance vs Frequency 
1,000 p F -N P O v s  X7R

FREQUENCY. MHz
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NPO Dielectric
r? *■' * .**•• * _  ■' ■* *

, . j.  .  hjv V ^  *T *n . *•

O  I I  CL3 ZU) U 3 . . X  .—  D

S IZE 0 5 0 4 * * 0 6 0 3 * * 0 8 0 5 1 0 0 5 0 9 0 7 1206 1 50 5

IU Lengm JJJ
127 I  25 

( 050 :  010)
16 0 : 15 

(063: 006)
201 ±02 

(079 1 008)
241 ;  25 

1095 ± 010)
22 9 ; 25 

f 090 ± 010|
3 2 0 :0 2  

(1261 008)
381 :  25 

(150 :  010)

(W) w-dm JJJ
1021 25 

|040± 0101
81 :  15 

1032 :  006)
125 I  02 

1049 ± 008|
127 + 25 

(050 i  010)
178± 25 

1070: 010|
1 60 ± C2 

( 063 :  008)
12 7 : 25 

(050: 010)

MM
(T) Thickness (in|

102 
I 040)

102
(0401

127
(.050)

127
(050)

127
10501

127
(050)

127
(050)

MIN.
|t) Terminal

1210051 
38 (015)

2510101 
51 I020|

25(010)
71(028)

25(010)
76(030)

25 (.010) 
761.0301

25 (010) 
711028)

25(010) 
76 ( 030)

WVOC 50 100 200 50 100 50 100 200 50 , 100 200 50 100 50 | 100 | 200 50 100 200

Cap 05 
tpF) 10 

12 
15

■y -

«■ ■ f : V

: fe
w
$ $ £

l; .. , .-i? 
-’ - 4 ^

S’ ^
' . ,

i,

* v  ■-»>'

r'̂ SSE''

1822
27

m
■ | n

tfSSWfe.

■'••v ' %0
:

.
a* ■*:

.
13
19
47

.
I p f f 8 6 ’ A . ;. .^ < r f  l 1

5.6
68
82 %

* A : > tvV^, m - v

10
12
15 ¥ ’n

IW $ M

H I, . - >

'rX , 
f 5c :

18
22
27 :J lt Ŝ gjps sSpĵ - !,S^

in '• ;* •
K:t' ££ ’ ' ’4t>>

33
39
47 "'3 P - ! P m

.,0 - ‘
» >- > -e -V,

56
68
82 K

Sb&'S.'-.
S t [ i f f l 2q?> i

100
120
150

M ' yg|
ihM fp l IS im

m-: ■ : ■ ,

180
220
270

1
- At ■ ';: ̂ >.’2

. M
1 1 i l l l

^ r?f •

K ^ 'v -
**■-<i
'  A !

330
390
470

IS#
' vi'‘

rifea-
la f m - * • J>T.-TW3

'  V ;' ?

560
680
820

■ -
'r. ■ ‘ .
r - M :

#»
f 'il£

f >: <>.j,

1000
:200
1500

• £ ~i i-.. *. ■ : y -V'. -■■>» y. , . ; -I*-■►--'t-
, $ |
I %, ■

1800
2200
2700 rm
3300
3900
4700
5600
6800
8200

Cap 010 l»f| 012 
015
018
022
027
033039

NOTES
•  Dimensions are in millimeters, dimensions in parenthesis are in inches.
•  For higher voltage chips, see pages 22-25.

** IR and Vapor phase soldering only recommended.
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Best *N» Order N o.' 
Numero de command?

s s r 3287/5-
1.5.85 kg/Se 
0.12.5.85

1

MESSSTELLENUMSCHALTER RAS-2

fur die Zusammenfassung von koaxialen 
MeBpunkten

REMOTE ACCESS SWITCH SYSTEM RAS-2

for selecting coaxial test points

COMMUTATEUR 0E POINTS DE MESURE RAS-2

pour la concentration des points de 
mesure coaxiaux

Anhang/Appendix/Annexe BN 9510/03/04/05

Seri e/Seri es/Seri e A...

N 9510/03/04/05 Andenmgenvortoehatte"
Printed in the Federal ReputXc o* Germany

5  e rs e U t ' replaces /  Subject to change without notice
•. rempiace Printed in the Federal Republic ol Germany

Oroits de modifications reserves 
imprim* en Rtpubbque FM trale <f AHemagne

Wandei &Goltennann Elektronische MeBtechnik



Anschriften Addresses Adresses
International Sales and Service 

Head office

Wandel & Gottermann GmbH & Co 
Postfach 1262 
D-7412 Entngen u.A.
Federal Republic of Germany 
Tel. +49-7121-86-0 
tlx. 729833wugd 
FAX+49-7121-88404

Affiliated companies 

Argentina
Wandel & Gottermann & Co 
Montaneses 2599 
1428 Buenos Aires 
Tel. 1-7846642, tlx. 24543wglasar

Australia
Wandel & Gottermann Pty.Ltd.
P.O.B. 6202, S t KHda Road Central
Melbourne, Victoria 3004
Tel. 03-2678699, tlx. 34801WGAUS

Austria
Wandel & Gottermann Ges.m.b.H.
Postfach 13, A-2500 Baden
Tel. 2252-85521-0, tlx. 14375wgoa

Belgium/ Luxemburg
Wandel & Gottermann BV 
Schrikheidestraat 69 
B-3560 Koersel, Tel. 11-432412

Brazil
Wandel & Gottermann & Co 
Rua da Assembteia 10, Sala 2711 
20011 Rio de Janeiro -  RJ 
Tel. 242-7622. tlx. 2137438

Canada
Wandel & Gottermann Inc.
21, Rolark Drive
Scarborough, Ontario M1R 3B1
Tel. 416-2 91 71 21. tlx. 610-492-2712

France
Wandel & Gottermann France 
46 bis, rue Pierre Curie
B.P. 53 - Zl Les Gdtines 
F-78370 Plaisir C6dex 
Tel. (1) 30558190, tlx. 698 955

Great Britain
Wandel & Gottermann Ltd.
Progress House, 412 Greenford Road 
Greenford, Middlesex, UB6 9 AH 
Tel. 1-5753020/4, tlx. 934489 wagukg

Guatemala
Wandel & Gottermann & Co 
Ap. postal 2761, Guatemala City 
Tel. 22-318065, tlx.5432wagolagu

Hong Kong
Wandel & Gottermann Ltd.
15/F, United Centre
95 Queensway, Central
Tel. 5-275339, tlx. 81590 wago hx

The Netherlands/ Belgium/ Luxemburg
Wandel & Gottermann BV 
Monnickskamp 8B 
NL-1273 JS HUIZEN Nederland 
Tel. 2152-66122, tlx. 43348wangonl

Singapore
Wandel & Gottermann 
151 Chin Swee Road, Room 14-11 
Manhattan House, Singapore 0316 
Tel. 7330722, tlx 38133wandelrs

Sweden
Wandel & Gottermann AB
Box 6044, S-12604 Haegersten (Stockholm)
Tel. 8-88 04 80, tlx. 17 783 wgab s

Switzerland
Wandel A Gottermann (Schweiz) AG 
Postfach 254, CH-3000 Bern 25 
Tel. 31-426644, tlx. 912350wgoch

USA
Wandel & Gottermann, Inc.
P.O.B. 13585, Imperial Center 
Research Triangle Park. NC 27709-3585 
Tel. 919-544-5730. tlx. 810-621-0002
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Anmerkungen zu den Stromloufptanen 
und den Schaltteil listen

N otes fo r C ir c u it  D iagram  
ond the Parts Lists

N otes sur les schema j  de p r in c ip e  e t 
les lis tes de composonts

Abfcurzunglbeiepielo

0  •  Sirom tovfpien 4 

I 8 W -> ] •  le ite rp le tte  I  

PVt. t  •
103 • Tettpunkt 20]

fortkmioidmung
b l -  b*ou 
blank - b lo - i  
hr » br»un
<1 • bfWoi
«• * ®»'bqr* * grv*
gr « 9TOv

S<hinM Scftim 
Iw « idoon 
..o  •  »^I«M 
« i  « ««t8

{rri • gtoî rot
( w k l n H t  U < v i |
b lo r lr ar

IS ■ l«lll<llll«(U«'«
S|S • «d» b«Wct'< Seite
A lio  SfOtvHjn*
gen i M  M l t iw—  Im ivg-
•km  too u yv  i m > o v

tebit in 
*rg«l«lll
Sollten die W«K baii<Mrt« 
loMlawMt in den Sirom-
b v fp to e n  ««d S c h o ltte il-  
l i lN "  to  t M
ir«« die A»y>n i* den 
SctaltltillilMa oh 
l ic k  w w w fco .

A bb rr» i0 t ‘0n« oeomplei

C^cw** 4

Circuit Mo^ |
Co»ne«t.on po in t A 

To i *e««» KU

Co'QW COO—t

bh,e
bote
bro»«
•onteorent 
rt*>o» 
groo**
»•*
p.nk
red
tcreening
block
••oUi
white

gr«r/'«<

So h M  lead 
lot* •<«
Camoonenti t id e  
M««g î <
A l l  >olMgo to tin g i m eo w e d  
wid» r e je c t  «o 0  V w ilh  
100 k£yv motor.

C*toyt skew* i<t r « t  p o iiiie n

If *« «olw« of MniAol 
component! I bled in the 
(«<•■• die yowl ond co»n- 
■0*1 lilt theuld differ from 
onadier, A i m  «l«ei given 
in d»e component Inn ore 
v eM .

tw tio  /o>i-«"»w  

4

»o—  • • •  20)

Code dm

»<-*dB(e
«e-»
• •oiet 
blo«<
«r.v"Ou«e

Cr4v«'ev> bl-*de'
f ; i  «v

Ci’i  C X t M 'X
C 6'e toudur*

Tou*m le t ’e^ t-oxt don»eei ton* 
meawreet pat "epport o  0  v  o*ec 
«tn intffvment oe 100 ItfVV.

lei >elo<t ioni reprmê 'm o' 
oetiiio" repot
ionow e le i •e le w 'i de eerie **! 
com pa»«n d iffe re n t e»»e l o  
tcHemat de p r .-c p e t • •  le i iH>m 
de ea^pow  n ,  l «  .e le u n  del 
I t i o t  do cow pB om t m m  tewlm

S tm llo B jo b e n

t t i  E n o n t t i l b t m l lw ig t n  u n b e d in g t 
beach ton:

r* ie  genaue le z e ic h n u n g  i t *  dor S c h o lt-  
t e i l l i t t e  zu e n m ehm en .

Bouetem enle m i I I V  b z w . W N  t in d  im  
W ork a n z u fo rd e m .

N e ben  dor B e tte llnum m er (B N ) i t t  d ie  
Gerdtenum m er m il S e rie n in d e ti, d ie  P o- 
t it io n tn vm m e r d o t B oue lem en ti wnd d ie  
S o c iM u m ie r o n tu g e b e n .

B e itp ie l:

Scholl

P M -2 0  I N  8 81 /01  
N r .  0001 A

2 T 2

Ordering In fo rm p tion

W '«to o rde ring  ipo re  p o r t t ,  iho f o l ­
lo w in g  in tw e t io n t  m u tt bo fo 1 low ed 
w ith o u t f o i l ;

th e  o a o c t d t t ig n o t io n  o f  the com po­
n e n t th o ll bo token from  the 'P o r n  
Liin*.
Co” *ponenn p re fi« e d  w ith  BV  o r W N  
thou  Id  bo o rdered from  the m onu- 
foc lu re r, W tC .
N e x t to  the order num ber (B N ) the 
te r io l number o f th a t p o r t ic u lo r  in -  
Itrum en t o lo n g  w ith  the  p o s itio n  num­
ber o f the com ponent ond  the  item  
number th o l l  be g iv e n .

Exom ple : P M -2 0  B N  88 1 /0 1  
N o .  0001 A

2 T 2

S o c h -N r . 0 0 0 1 -0 0 1 5 .8 3 6
C irc u it  d iogrom  P osition  N o .
Item  number 0001 -0 0 1 5 .8 3 6

PonnOet pour la  commondo

Pour lo  commando do com potonrt 
do r t c h o o j t  i l  lo u t  ob to lum ent 
o b to rvo r

Lo d t t ig n o t io n  e x o c le  do eom potani 
qu i e t t  d  prendre d o n i la  l i t t o  det 
c o m p o io n ti.
l e t  com poton tt BV ou W N  ton I <j 
r tc lo m o r  d I ’ u t in e .

O u tre  >e num ero de  c ammo noe ( 8 N I le  
num ero de I 'o p -  *e il a«ec ton  inde« de 
te r ie  e ' le  num«*o oe o o t ii io n  Ou com - 
po to m  e t num ero d*obje<* i y i i  o oonne*.

{■ e m p ie : P M -2 0  BN  8 8 1 31
N °  0001 A

_ 2 I 2_
N °  de 'tchem o N ° d e ^ o t i '
NO o 'ob.ee> 0001-0015.836

Bougrupponvorb indungan

Oo d ie  S trom lou fp lone  fo r  je d e  B ou - 
g n jppe  g o tra rm i g o x o ie h n a t t in d ,  
mUtten o l io  Z u to iM g e n  zu ondoran 
Bougruppen d o u tlle h  e rkennbar ta in .  
D ie  noch ttohondo  Ski zze  e rlO u ie rt 
d ie  h ie r  ongow andtan  V o rfa hran  zu r 
K e n n zc ich n u n g .

C o n n e c tio n i be tw een tu b o tie m b J ie i

Becow a o f ooch  tu b o u e n tb ly  hov ing  
boon drown to p o ro to ljr . a l l  the  in te r ­
co n n e c tio n ! w ith  the o th e r luba tten*-  
W ie t m u tt bo c le o r ly  id e n t i f io b le .
IHe fo llo w in g  sketch o x p lo in t  (he 
me thod u te d  here fo r id e n t ify in g  
•he c o n n e c tio n !.

R occordem ent o e i m odu le t

l o t  tchA m et do p r in c ip o  d e t m odu le t 
C tant reprO ten te t t*por*«nent le t  l i o i -  
to n t on tro  lo t  d if fe re n t!  m odu le t d o i-  
vo n t I m  fo c i lem on t  roconnw ot. 
l e  tchOmo tu iv o n t in d iq u e  le  tyttdm e 
d ' id e n t if ic a t io n  u t i l i t t .

V e rfo h ro n  I

Seim A n tch luO punk t e in e r Baugruppe 
t te h i d ie  A d 'e t te  d o r anderen A n -  
tc K lu flp u n k ie , m il  denen er oerbunden

M ethod I

A t  o con n e c tio n  p o in t o f  o  u b -  
a tte n tb iy , ihoro ore lo c a te d  the 
o d d re u e t o f ihe o ther co n n e c tio n  
p o in t t  w i lh  w h ich  i t  i t  c o n n e c te d .

Syttdme I

l e  p o in t de roccordem ent du m odule 
com porte l ‘ od re tte  de I ' Outre p o in t 
de roccordem ent ouque l i l  e t t  r e l i t .

V e rfoh ron  2

Beim A n tch luO punk t t te h t  nur e ine  
S ig n o lb e te ic h n u n g  ohne A d re t te .  
Donn t in d  o l le  A n tch luQ punk te  o n -  
derer Bougruppen m il der g le tch e n  
S: g n o lb e te ic h n u n g  u n io re in o n d e r 
v e rbunden .

M ethod 2

A t  the co n nec tion  p o in t ,  there i t  
o n ly  lo ca te d  o  t ig n o l d e t ig n o tio n  
» ith o u ! o d d re tt.  Then, o i l  t im t-  
la r ly  d e tig n o te d  c o n n e c tio n  p o in t t  
o f o ther m b o tie m b lle i ore in ie r -  
connec»ed

S ytK m e 2

le  p o in t de roc  cor dem ent ne com ­
porte  q u 'u n e  in d ic o lio n  de t ig n o l 
to n i o d re tte  . Tout le t  p o in t t  de 
roccordem ent d e t o u tre t m odu le t 
co m porlon t lo  m |m o in d ic o lio n  de 
t ig n o l ton* o lo r t  te lie s  en iem b le  .
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M i t i d w u n j  der A n sch lu flpunk te

(30) 21 : A nschluQ pvnkt 2 1 von  S c h o lt-  
bild0
( X )  S XtO/a/5: Kontakt a/S van  
S ch a lta r 10 in  S c h a l t b i ld ^ ^

B e is p ie t: 0 « r  A n sch lu flp u n k t M  d o  
S cho ltb ildes  @  m it  d e r S ig n a lb e - 
ie k h n u n g *N u ll-V e rs c h ie b u n g (0 L 4 )*  
is t in ir  2 w e ite re n  A nsch luS punkten  
der ] l« i c t i t n  S ig n o lb n t ic b m n g  v e r -  
bunden .

1) K o n ta k t a /5  van  S cha lM r 10 in
S c h c r itb i ld ^ ^  (V e rb indung  I t tv f t  
g a n *  odor ta ilw e is e  a u O e rtn lb  des 
S teckkarlen lrO gers)

2) b *W  7  von S c h o fib ild (§ $  (V e r-  
b indung  Id u ft in n a rh a lb  des S ta d t*  
l ic r i tM i« g « n )

t e i  S teckharten techn ilc  w i t  e inem  
S te d A o r ie n ir t lq o r  g ib t  e in e  L is t*  
A u sku n ft Uber d i«  A nsch lu flpunk te  
n i t  g le ic h e r SSgnolbezeichnung.

A n sch lu lipunk t 69 
der le i le rp lo t te  
6 97-B Q

*  5 V  ^Offlmt vo** 
S t 'O m lo u fp lo n ^ ^  
AntchtufSpunkf ^

A n tc fllv ^ lp u fllit ©7 
d«r le i t t r p lo t t e  
IX X -S Q  geh t oo f 
A n icH w Q punkt 5 
aer TrOgerkarte 
X n - M .  von h ie r 
out zu  S ffo m lo v f-
p lo n  qM  An-
tcM u d p u n k t 7 und
K h l;« iH . xw Punlct
20  d t t  S rrom lov f- 
p l o n c i ^

Bezeichnung der
le ite rp lo t te
(S andw ichkarle ;

| XJU-M |
J

|Q |  Strsieleet»le«(^s. i m  
Igj P t^ t is t t u t 'u n j

Im  « | fcuwKw

XXX-7506 016*33 Jj.“
Strom iau fp lan  N r .

C o n n e c tio n  p a in t 4 9  
o f  p r in te d  c ir c u it  
boa rd  t>x jb .I i f M Q  

♦ 5  V  com ing from  

c ir c u i t  d i o j r a m ^ t  
co n n e c tio n  p o in t 9

C o n n e c tio n  p o in t 67 
o f  ih e  p . c . b .  XXX*
t Q  g o in g  to  c o n ­
n e c tio n  p o in t 5  o f  
m other board X M -  
f l  , ond  from  th is  
p o in t ,  to c i r c u i t  
d iagram  aft*, con­
n e c tio n  p o in t 7, 
f in o l ly  g o in g  to 
p o in t  2 0  o f  c i r c u it  
d iagram

O e iig n a iio n  o f 
p . c . b .
fsandw ich  cord)

O e iig n a tio n  o f  
m o lhar board

C ir c u it  d iagram  N o .

D es igna tion  o f  co n n e c tio n  p o in ts

(30) 2 1 : co n n e c tio n  p o in t  21 from  
c ir c u i t  d io g ra m ^ ^

(30) S 3 0 I < W S :  c o n ta c t c/5  from  
n i t d i  10  in  c i r c u i t  d iag ram  0  .

Exam ple C o n n e c tio n  p o in t  M  o f  c i r ­
c u it  d iagram  @  h a v in g  the  t ig n o l 
des igna tion  “ zero  o fh e t ( 0 4 ) * i i  co n ­
nec ted  to  tw o  o the r c o n n e c tio n  po in ts  
o f  th e  tam e s ig n a l d e s ig n a tio n .

1) C o n ta c t a /S  from  tw itc h  10 in  c i r ­
c u it  d i a g r a m ^  (co n n e c tio n  p a n e *  
c o m p le te ly ,a r p a rt ia l ly .a u ts ide o f  
the m other board)

2) b # W /7  from  c ir c u i t  d ia g ra m ^ ])  
(connection  stays w ith in  the 
m other board)

W ith  p lug - in  p . c . b .  techno logy  
us ing p lu g - in  m other b o o rd t. a 
l is t  p rov ides  in fo rm a tio n  conc ern ing  
the connec t io n  p o in ts  h a v in g  the 
some s ignal d e s ig n a tio n .

P o in t A9 du c ir c u it  
im p r im t 697-S O

le  +5 V  a rr iv e  du 
schtm a @ 1  p o in t 9

le  p o in t 67 du c ir ­
c u it  im p r im t XXX- 
S Q  va au p o in t 5 de 
la  ca rte  support 
XXX- M .d j t ld  au 
tc M m o  M ^ .p o in t  7 
a t pour te rm iner 
au p a in t 2 0  du 
schemâ

D esignation  du 
c ir c u i t  im p r im t 
(ca rte  sandw ich)

D esigna tion  da 
ca rte  support

N °  du schema de 
p r in c ip e

D esigna tion  des po in ts  de roccordem ent

(30) 2 1 : p a in t de roccordem ent 21 du 
s c h tm a ^ ^

(30) S 3 0 1 0 /a /S : co n ta c t a  3  du com - 
m uta taur 10  du t c M m a ^

{s a m p le : le p o in t  de ro ccordeme n t M  
du schema M  a vec  I '  in d ic a tio n  de 
signal *d tc o (a g e  du z * ro  (0 .4 )*  est 
r e l ie  d  devx au tres p o in ts  de rocco rde ­
m ent a ve c  la  mdme in d ic a tio n  de 
s ig n a l.

1) C o n ta c t a /S  du com nxitaM ur 10 du 
s c M m o ^ ( l o  lio is o n  posse e n t i t le ­
m ent au an par t ie  hors de la  ca rle  
support)

2) b 6 W /7  du s c h tm o ^ ^  (la  lia ison  
paste dans la  co rta  support)

Systemo de cortes en fich g b le s  M  u«« 
co rte  support. Una lis le  in form e des 
p o in ts  de ro ccord e men t  avec la  mdme 
in d ic a t io n  de s ig n a l.

S uchsenle isten -  K on tak ibexe ichnu ng
*  A nsch luQ punkt-B eze ichnung

Edge connecto rs  •  c o n ta c t des ignation
*  co n n e c tio n  p a in t des igna tion

Prise -  d e s igna tion  du c o n ta c t
*  des ig n a tio n  du p o in t de roccordem ent

von  S ch a ltb ild  1

from  C ir c u it  d iagram  <

du ic h im o

Signal bezctcnnuriQ «̂Htr«clk Ansc hkj0ounkt« I! I! 11•]-

Stgnalbczvchnungl losk
. it t lU w im ^ n  n i l  11.14 H V n h lw » f lg | t  tldM It H . « » " ■

fnt n u n « » im  •. w  /* i , u ^  i 'b U i
• i 13 J . (jii u r n n H T % % J  {m i n i  t u  IM IS

i «  m »  i m m n l  j ” S n
t p i  trn 1 J nt (M  11

. i n tm 14 >. ru iM iia i ; M R 14 H i km i  i i. f iii i m <;oi i  / 1 i» i ■ t s
i . n - * m i k  not i i * i *

P 13 *» a  jrm t. urn / 1 i . n * 1
M l . M l S n  ( t.l 1 ( W i ) f l i / i / )  •» m  +  n i ■ H 12 i| J ifni «e< / 1 us m i  bm I t ;  i

*,11 . HrM*t<t«i ( O.k | I M i W l i M  ... fjl) Mi / 1 i n. H 11 « l k») 1*1 / s >u I M t W l i / i W l . [ t.j )
M l - HrvMakve '  1.1 ) •» (n it t t/ s i H C « >1X1 M l/ I  an I M I I I : / . / » •nil • i )
M l • hmMMM (1-1) tJM $ m  /»/»  ,«  m  * ,  /« ? K 9 4 r

i  im  i M i m i i f i felt . f I
Im»1 r i" ■ JI.U it J tt I k t iw w w  i! tl.N

(*•*.«*•( »* <t« t / 4. (/« 1 / ?. f?Jt V / t IS « 7 > p i  n> / 1 >« is)  f m e  I •  i n fc»l - 1
W D U M I Z2 (111 t I \

f 6 % J  1111 I I •
W W I* ^  I* * Yin i it

21 E 5 S
l /III ( / 10

liniltN* i . _ (K in  ... (jisw jii.iM tft j tl 0 4 J  I  /»
zl * u : \ t n i c 3 1 Ll jUM * V f. (Ill (  11 i j  1 I J 1 1

i» i 1 1 1.1:ti s /1 ] <9 a 2 2 j  jfni • / 1. c i) s /1

♦ 1 • ^wurHPiin *1.14 1 * A 1 J tWOI s / «. » l| « / » ■ 9„et i
t t

A nsch luG punkte  m it gte>cher S igno lbeze ichnung for d ie te  ftwehsenreihe

C o n n e c tio n  p o in ts  w ith  the iom« t ig n o l des ignation  i j  th is  co n nec to r row  o f  c o n to c ts  

Points de roccordem en t ovec m€me in d ic a tio n  de signol pour ce tte  ronge« de prises

ovQff^olb Prufbe*e«ch m « inner*

halb Prt/bereich

cv»de<noib P rvfbe 'e^ch  diese A n -  
lcM u<)G cr'lte  \>r\d durch  Le ilu n g « n  
verbunden .. d ie  te« l~eise oder gonz 
«X>n»rHpib d e l S t*c * l(o r te n tro 9 e rt 
ve rla u fe n

outside o f  lest re g io n  xxx  w ith in  
test reg ion

outside o f  test reg io n  = these c o n ­
ne c tio n  p o in ts  ore connected  by 
lines w h ich  p o rtia  My, or co m p le te ly , 
poss ou ts ide  o f  the m other boord .

hors gomme de co n trd le  m k  dons la 
gomme de co n trd le

hors gomme de co n trd le  ^  ces po ints 
de roccordem ent sont re t i ts  por des 
conducteurs qu i possent en par tie  oj 
e n titfre m e n t hors de lo  corte  support.

f  T
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fienenntng RAS-2 BN 9570

Switch No. 1
ASSEMBLED
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Stnomlaufplan
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Switch No. 2
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Cowwon control

BCD to  4c c 1i m 1 decoder

To tux 6 x 1

Gewelnstwcs Steuertell 
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Zua S«meluasch«lter
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In terface . RAS - 2  to RAS -1
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