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System troubleshooting may be facilitated by using the manual
mode.

SPU and DMA Instructions There are two instruction modes
possible within either of the two operating modes. They are the
select peripheral wunit (SPU) and the direct memory access (DMA)
modes. The SPU mode provides for initial test program setup,
including the selection of logic level voltages (EO-E1l, etc.) for
use during a specific test. Following the SPU setup
instructions, the tester assumes control and is linked directly
to memory in order to receive DMA instructions. The DMA sequence
contains specific instructions for wuse of previously SPU-
programmed voltages as stimuli or comparator references. The DMA
instructions are separated by the computer into blocks for direct
application to the tester. There are two different types of DMA
instructions, which are as follows:

1. Functional Logic Test
2. DC Parametric Test (PMU - precision measurement unit)

Normally, the functional logic test or the dc parametric test is
executed in the DMA mode, although it is possible to perform
these tests in the slower SPU mode. The formats for the SPU and
the DMA instructions is given in table 3-1 and table 3-2,
respectively.

The DMA instruction is a method of transferring programmed data
from core memory, in the computer, directly to the test station
registers without excessive delay. On the other hand, several
SPU instructions are required to address and load a register,
Loading data into a forcing supply, (e.g., FORCE VF1), is a non-
DMA operation. SPU commands are required to first address the VF
supply register and then to write into the register. During this
time the computer is servicing the tester and cannot perform
other functions. To initiate DMA operation, the computer first
sets up the test system with SPU commands, and then turns the
loading of the data over to the tester logic. The computer is
then free to process data, make decisions on the basis of test
results, and process fail or other interrupts.
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TABLE 3-1. SPU INSTRUCTION, TYPICAL FORMAT

PART I. During a computer cycle, SPU format selects a specific tester short
register at computer phase time T5 (see SPU detailed timing discussion
in this section),

23 1817|1615 8|7 0
- M N4 e W e
07;8 A R COMMAND C 1204

BITS FUNCTION

23-18 06, specifies SPU instruction

17-16 A and R bit pattern specifies read, write, special, or no-operation
15-8 Typically, contains address of applicable tester short register

7-0 120 8 specifies tester as the addressed peripheral

SHORT REGISTER LISTING

OCTAL OCTAL

REGISTER ADDRESS REGISTER ADDRESS
Mode 01 DPT2 25
STATUS 02 DPT1 26
Instruction 03 El 32
MAR 04 EO0 33
TSC 05 S1 34
CBC 10 SO 35
TDC 11 EA1 36
INC 14 EAO 37
IND 15 EB1 42
DPS1 21 EBO 43
DPS2 22 EC1 44
DPT3 23 ECO 45
DPS3 24

PART II. Once a specific short register is selected at time T5, 24 bits of new
data, previously stored in computer register A (accumulator) or from
memory, is transferred to the selected short register at phase time
T1 (see SPU detailed timing discussion in this section),

23 0

24 DATA BITS
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TABLE 3-2. DMA INSTRUCTION, TYPICAL FORMAT

3-4

23 22(21 19|18 15|14 0
A n _J
CONTROL RANK PIN FIELD
REGISTER
REGISTER RANK OR SPECIAL REGISTER
CONTROL ADDRESS BITS ADDRESS BITS
RANK OR
BIT | BIT | oo nrrow| BIT | BIT |BIT | wapg  |BIT [BIT |BIT |BIT | (ppori i potieren
23 | 22 21 | 20 | 19 18|17 | 16 | 15
NAME
ol o|wRITE& | 0 | 0 | 0 NOT ol ol o] o 0
HOLD USED
o| 1 |wRITE& | 0 | 0 | 1 D ol o] o] 1 1
EXECUTE
0 |READ o |10 M ol o] 1] o 2
TRAP 0 | 1|1 F ol ol 11} 1 3
1o ]o s ol 1] 0] o0 4
1 ]lo |1 c ol 1|0 1 5
11110 R o | 1] 1] 1 6
111 |1 |spEciaL | 1| 0] o] o 7
REGISTER
pEFINED | O | 0| O O PA
BY ol o o] 1 SID
RANK
S ol ol 1] o0 SND
ol ol 1] 1 c&s
ol 1] 0] o PPS
ol 1] 0] 1 PSL
ol 1| 1] o EIR
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if the TSC register is read. Under TOPSY monitor control, the
computer repeatedly interrogates the TSC register by issuing an
SPU command addressing the TSC register. When the SPU command
addresses the TSC register with the proper read code, the station
select request bits will be read into the computer and serviced
individually beginning with test station 4, then 3, then 2, and
finally station 1 (3, 2, and 1 not used in this system). For
this reason, systems having only one station are normally
configured with the test station connected to test station 4
multiplex cables. This configuration reduces the multiplex
selection process time for the computer. Once the computer has
received the select request bits from the TSC register, it can
issue another SPU command to enable the test station, closing the
multiplex relays. A flow chart of the TOPSY monitor and station
scanning sequence is shown on Figure 3-1. A simplified 1logic
diagram of the multiplex control board is shown in Figure 3-2,
showing the operator's test start request, and the computer read
and the computer write actions that take place during and after a
test start request.

Short Register Loading The short registers of the test are
loaded, as the FACTOR program dictates, in a non-DMA mode of
operation. As an example, consider the FACTOR statement:

FORCE VF1 5.0, RNG2

The TOPSY interpreter generates an SPU command which addresses
the tester common peripheral interface (CPI) channel. Table 2-1
provides a Dbreakdown of the typical SPU instruction. Bits O
through 7 of the 24-bit word accomplish this addressing task at
computer phase time T4. Also during this time, the status of the
system is gated back to the accumulator bus (BN bus) via bits 20
through 23. Also during this time, the status of the system is
gated back to the accumulator bus (PN bus) via bits 20 through
23.

At computer phase time T4, bits 8-13, 16, and 17 are gated from
the accumulator bus to the peripheral data bus and applied to the
register address board (Figure 3-3). At computer phase time T5,
bits 8-13, 16, and 17 are stored in shift registers 1located on
the register address board. These bits generate the address
signals to enable the short registers, including the quad 16 Dbit
short registers which provide range, polarity, and magnitude data
to the RVS's and DPS's.

Short Register Addressing and Loading Refer to Table 2-2 for a
listing of the short registers. The short registers consist of
two groups. One group is comprised of the registers loaded from
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TOPSY
INITIALIZER

MONITOR \_YEs | EXECUTE OVER-
MODE RANOR S LAY EXECUTE
INTERPRETER
-

NO

SCAN DATALOG

STATIONS REQUEST

FOR START
EXECUTE
DATALOGGER
'MVWVWVWAM
OVERLAY

l

STATION
?

END OF

TEST
EXECUTED
?

NO |

RESET TEST
SYSTEM

A
Mggl)z\ NO o INCREMENT

STEP COUNT

YES

FIGURE 3-1. TOPSY FLOWCHART
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FIGURE 3-3. REGISTER ADDRESS SIMPLIFIED

PDB13 9301
| PERIPHERAL DATA BUSS ARS 9301
, BITS 8 THRU 13 AR MARAD _| MEMORY | PWRITE
0808 ARz] (860 TO | 1RAD | ADDRESS | PREAD
LATCH =1 DEC) AND LMARD
, AR3 _LMARD
MEMORY INST
PRMAR
SELDEV ARd | PRMAR
T REGISTER GiTs
ADDRESS [————
PDCLK CONTROL
A 8
Lo
—
L |voconTRoL
 ONE BOARD
97206108
.
PDB16 READ
READ/
WRITE
CONTROL
PDB17 ‘ WRITE
STATRAD
MODERAD TSCRAD
o SSPCL T WMODE TEST
sTATUS |—STATL, MODE RMODE _ STATION |WTSC
ADDRESS |_RSTAT,_ ADDRESS [CMODE _ CONTROL IRTSC
CONTROL |__CSTAT,, CONTROL ';%%':gg
READ READ READ i
WRITE . ¢ WRITE .| o WRITE
SHORTR SHORTR
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the P data bus. The second group is comprised of the registers
loaded from the data buffer output, which is the short-register
data bus. These short registers store the programmed information
which controls the digitally programmed supplies and reference
voltage supplies, and are located on four quad 16 bit register

boards. Each quad 16 bit register board contains four 12-bit
registers.

DPS and RVS Addressing The DPS and RVS address codes are
generated on the control 1 board (Figure 3-4). For example,

consider the DPS1 address code for register 21, refering to
Figure 3-5 for the following discussion.

The 12-bit register used to control DPS1 is loaded in parallel
with bits O through 11 (SRDO-SRD11) from the short-register data
bus. The bits from the data bus are inverted and applied to the
parallel inputs of the register, which is clocked when the
address code and the necessary write signal, strobe signal, and
clock pulse are ANDed together. The parallel enable input on the
register is always grounded, or enabled. As soon as the data is
loaded into the register, it is available at the output pins and
wired directly to the DPS1 power supply board. The short
register just loaded can be read back by generating the necessary
read signal and the register address code. The stored
information from the addressed register is then applied to the
short register data bus. The information is then read into the
computer via the data buffer, the peripheral data bus, and the
computer CPI.

Data Buffer Interface Operation The signals RWRITE, PREAD,
GSTI, and GITS are used to enable the data buffer to read and
write between the P and the S data buses. These read/write
control signals are generated from the register address as a
result of correct register address codes, and the proper
read/write bits (16 and 17) from the computer during the program
run time.

Figure 3-6 is a simplified logic diagram of the data buffer

board. It shows all the read/write control signals and two
typical bits of the 24 bits processed by the data buffer. All 24
bits are processed by the data buffer in the same manner as the
two depicted in the simplified logic diagram.

Long Register Loading and DMA Mode The outputs of the I
register constitute the long-register data bus.,. Therefore, any
information passing through the I register, to be loaded into a
register in the test station module, is considered to be 1long-
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register data. Refer to Table 2-1 for a listing of the long
registers.

The 1long registers may be loaded with data by either SPU or DMA
instructions. An SPU instruction (Table 3-1) may be issued by
the TOPSY controller to enable the tester CPI logic and address
the I register. Once the I register is addressed, the data is
loaded into it. The I register applies the 24-bit instruction to
the long-register data bus. Once the long registers are enabled,
the data is transferred from the I register to the addressed long
registers. Once an instruction is resident in the addressed long
registers, it may be executed. Separate SPU commands are
necessary for each instruction. To reduce the execution time and
increase the rate of testing, instructions to the long register
are normally DMA instructions.

DMA Instructions Direct memory access (DMA), 24-bit
instructions (Table 3-2) allow the software controller, TOPSY, to
set aside the instructions intended for the long registers, and
to group them into long-register data blocks. Once the grouping
occurs, only the address of the location at which the group is
stored is retained in the program. As the program 1is executed,
under TOPSY control, the short-register instructions are loaded
and executed wusing the SPU commands and normal addressing
techniques. When a long-register instruction is decoded it
causes TOPSY to configure the system logic to receive information
directly from the memory and transfer it to the long registers.
Bypassing the normal SPU commands and timing permits the
execution of the long-register instructions at a very fast rate,
at the same time freeing the computer for other duties.

The first step in 1initiating the DMA mode is for TOPSY to
generate an SPU command to load the memory address register (MAR)
with the address of the long register data block. The MAR is
located in the tester common peripheral interface (CPI) logic, on
the CPI 1 and CPI 2 boards.

TOPSY then <clears the register address Dboard, and loads the
address of the status register with a second SPU command. The
trap enable bit is written into the status register to enable the
DMA mode to reset after the last long register instruction has
been executed. Another SPU command is then issued, which changes
the register address board's decoded address from +the status
register address to the mode register address. TOPSY then writes
the DMA mode bit (bit 9) into the mode register. This action
sets the DMA mode and transfers the long register loading control
to the phase loop counter ‘logic. The setting of the DMA Dbit on
the mode register causes the phase loop counter to be set to
phase one. The phase loop counter in turn generates a read
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memory (RMEM) signal which allows the system to read long-
register instructions directly from memory, under the timing
control of the phase loop counter,

The phase 1loop counter sequentially fetches instructions from
memory and loads them into the I register, where they are stored.
The I register outputs the data to decoders, which decode the
long-register address and rank code to enable the correct
register. The address signals, along with the system clock,
allow the data to be transferred to the master side of the
addressed long register. After the last instruction necessary to
perform a test is loaded into the master side of the addressed
long register, the execute signal causes the information to be
transferred to the slave side of the registers where it is
immediately executed.

The phase loop counter fetches the next long-register instruction

during the execution time of the previous instruction. The
previous instruction, being executed, is then under the control
of the execute delay 1loop counter. The phase loop counter

fetches and 1loads the next long-register instruction into the
master side of the register. Each register that is addressed 1is
loaded, and as soon as the execute delay loop (XDL) counter has
executed the previously loaded statement, the XDL counter turns
control over to the phase loop counter until the next execute
command is decoded. Then the XDL counter again .assumes control
and executes the statements just 1loaded. When the 1last
instruction of a long-register data block 1is decoded, a trap
condition will exist (the TOPSY controller will have previously
generated the proper trap bits). This enables the . system to
reset the DMA mode of operation, after the last long-register
instruction is decoded, loaded and executed.

3.2 DETAILED THEORY OF OPERATION

Refer to Figures 3-7. The left side of Figure 3-7 depicts the
instruction (I) register which contains the storage elements for
a single 24-bit data word used to control the test head pin
functions. The instructions are transferred to the test station
via the I register in the direct memory access (DMA) mode. The
FACTOR statements, SET D, SET R, SET M, SET S, and SET F are
applied individually to the I register. The control bits, I22
and I23, decode the functions write-and-hold, write-and-execute,
read, or trap. These control bits are wired to the phase loop
counter, which generates the necessary control signals to control
the DMA flow of data to the test station. Bits 19 through 21 are
decoded in the 120 bit decoder board (Figure 3-8), and initiate
the required long-register enabling signals. Bits 15 through 18
are also decoded (15 bit decoder board of test station), and
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provide the rank signals necessary to enable the correct rank of
pins. The 60 test head pins are divided into four ranks (ranks O
through 3) of 15 pins each. Data is 1loaded into the long
registers on a rank-by-rank basis. The address of the rank to be
loaded is determined by the 15 bit decoder board. Bits O through
14 are data bits. Each bit controls a function of one pin. Bit
O corresponds to pin 1, bit 1 to pin 2, etc. If the decoded
instruction in the I register is a set D instruction, the 15 bits
of data (bits 0-14) are simultaneously loaded into all D
registers of the addressed rank. The D registers, as in the case
of all 1long registers, consist of a single flip-flop per pin of
the test station. Each EUT (element under test) interface board

controls two pins. If any bit in the D register is set true,
that is, to a logical 1, the corresponding relay on an EUT
interface board closes, connecting the function test driver to

the force line of that pin. That makes the pin an input pin.
The sense line (input to the level detector) is always connected,
except when the PMU measuring circuit is programmed to that pin
by the pin address register.

Input Pins . The D register defines input pins as pins which may
be set to a logical 1 or 0. The F register selects the logic
level to be driven to the unit under test. The F register is
loaded with a set F instruction utilizing the 120 bit and the 15
bit decoder Dboards. The F register consists of a single flip-
flop per pin. The 120 flip-flops of the F register are 1located
on pin control boards, two per board except for every eighth
board which has only one of the two flip-flops wired into the F
register (since each rank has 15 pins, the sixteenth flip-flop in
each group of eight pin control boards is not wused). The pin
control boards control the EUT interface Dboards.. Each EUT
interface board controls two pins on the test head. Setting any
bit of the F register to a logical 1 forces the corresponding pin
to a high level., Setting that bit to a logical O forces the pin
to a low level.

Output Pins The D register defines output pins as a D register
set of bits at a logical O level. When a pin is not defined as
an input pin, it automatically becomes an output pin. The output
pin connections from the test head sockets and 1load Dboard
connections are wired +to the EUT interface boards, through an
input relay controlled by the pin address register. This relay
is normally closed, wunless the PMU is programmed to that pin.
The output pins are also wired to one of two inputs on the 1line
detector modules location on the EUT interface board. The second
input of the level detector modules has a dual reference power
supply (RVS) applied to it. The RVS is programmed to provide an
accurate logical 1 or O level. The output of the device under
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test (DUT) 1is applied to the level detector module and compared
to the programmed logic level of the RVS. The F register is
utilized to specify whether a logical 1 or O level is expected on
the output pin. When set to a logical 1, a bit in the F register
specifies an expected logical 1 1level output from the
corresponding DUT pin; when set to a 1logical O, that bit
specifies an expected logical O from the DUT pin. The SO and S1
RVS's are used as the expected output level references and are
selected by the F register bit function. The outputs of the
level detectors are applied to decision making logic and to the C
register.

Tester Strobe =  The tester strobe is generated in the mainframe
by the execute delay loop (XDL) board. The strobe signal is
generated during the execution of SET F instructions. The strobe
is used as a clock pulse for the C register elements. The strobe
may be delayed by programming.

Digitally Programmed Supplies (DPS) The DPS's are multiplexed
to the test station and are used as Vcec, Vbb, Vee, and bias
supplies. The DPS's are not programmable to a pin, but are

connected to the DUT pin by jumper wires on the test station load
board. The utility relay, located on the EUT interface board may
be used to switch the DPS during the test program.

Clock Burst Counter The clock burst generator is a signal
gating circuit located on the 120 bit decoder board. A series,
or pattern, of four clock pulses may be programmed by utilization
of the clock and strobe (CS) register 1located in the test
station. The outputs of the clock register are gated with the
tester strobe signal to generate sync signals. The sync signals
are then imposed on the first four pins (1-4) of the test station
and used for device clock pulses. Additional wiring may be
required to properly connect the test socket to the DUT.

Test Station Control Panel The test station control panel
(Figure 3-9) contains the START (automatic mode), the MAN (manual
mode), the ADV (manual-mode advance), and the RESET (test station
reset) pushbuttons. It also contains an ON LINE indicator, that
lights when the test station is selected by the multiplex unit,
and an EOT indicator that 1lights when a FACTOR program END
statement is decoded. In addition, the panel contains
indicators, readouts, register selector pushbuttons, and status
indicators described in the following paragraphs.
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Rank Fail Indicators The RANK FAIL Indicators light whenever a
functional test failure occurs. A specific indicator lights for
the rank in which the failure occurred. The corresponding RANK
SELECTOR pushbutton (located directly below the lighted
indicator) may then be pressed to select that 15-bit slice of the
C register (pass-fail data) for display to determine on which pin
of the DUT a functional failure occurred. The procedure to
display the information is described in the following paragraph.
To perform this rank-and-pin failure determination procedure, the
test station must be in manual mode.

Long Register Data Display In the manual test mode, the
contents of the long registers may be displayed on the test
station control panel, 15 bits at a time. First the desired RANK
SELECTOR pushbutton is pressed to select a 15-bit slice of a long
register (corresponding to a rank of 15 pins); then the desired
REGISTER SELECTOR pushbutton (or two of them) are pressed to
select the applicable long register(s). The lamps to the right
of the pushbuttons will then indicate the logic 1level state of
each flip-flop of the selected 15-bit slice of the selected long
register(s). Only two long registers may have a 15-bit slice
displayed at any one time. The upper set of indicators can
display the selected slice of the S, the D, or the C register.
At the same time, the lower set can display the selected slice of
the F, the M, or the R register.

External Interface Register (EIR) Display The external interface regis-
ter outputs are monitored on the 10-lamp EXTERNAL REGISTER display
on the test station control panel to give category information, if
programmed 1in the test sequence. This permits the categorization
of devices or units into several pass or fail categories.

Statement Number Readout A STATEMENT NUMBER readout (neon
tubes) displays the number of the FACTOR program statement being
executed. In the automatic test mode the readout is not updated

until the end of the test program. In manual test mode it is
updated after each statement is executed.

Pass/Fail Indicators The test station control panel also
contains four pass/fail indicators, located on either side of the
EOT indicator. To the left are the FUNCTIONAL TEST PASS and the
FUNCTIONAL TEST FAIL indicators; to the right are the PARAMETER
TEST PASS and the PARAMETER TEST FAIL indicators.
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3.2.1 SPU MODE

Registers connected to the peripheral data bus or to the short-
register data bus are programmed by SPU instructions. For
example, the status register, the mode register, the register
address board, the test station control register, the instruction
register, and the quad 16 bit register board are programmed by
SPU instructions.

Each SPU instruction is performed within a single computer cycle.
The computer cycle consists of five phases -- T2, T3, T4, T5, and
T1. The computer cycle is considered to start at T2 and to
proceed through T3, T4, TS5, and Tl. At the completion of a cycle
at Tl, the next cycle starts at T2.

Typical SPU Instruction The operation of the tester during the
SPU instruction cycle is best described by considering a typical
SPU dinstruction sequence (Figure 3-10). A typical SPU read
instruction format is given in Table 3-3.

The first SPU instruction in a standard TOPSY program is normally
one to read out of the TSC register, which allows the computer to
check whether or not the tester is available. If the tester is
available, the next SPU instruction is normally one to write into
the TSC register to select the multiplex logic and associated
relays required to connect the mainframe to the test station.
Next, the desired RVS and DPS control registers are selected.
Following this the MAR's in the CPI 1 and CPI 2 boards are
selected to enable 1loading of the DMA 1location. Then the
instruction register 1is enabled, 1in order to transfer DMA
instructions to the long registers. The status and the mode
registers are addressed, 1in case of interrupts. For DMA
operations, the trap enable bit must be loaded into the mode
register. The functions of the instruction register, the mode
register, the status register, the MAR, and the XDL counter are
described in greater detail in the DMA instruction timing
discussion which follows this SPU timing discussion. The timing
for all SPU instructions is similar to that for the typical read
TSC and write TSC instructions which are described in the
following paragraphs.

Read TSC (066025208B) The computer, under TOPSY monitor control,
continually checks the status of the tester, for a start request
signal. For example, when the START pushbutton on the test
station contrcl panel 1is pressed, a test start signal is
generated on the L2 test station control panel and applied to the
multiplex control board, setting a flip-flop in the test station
control register. This flip-flop remains set until read by the
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TABLE 3-3. TYPICAL SPU READ INSTRUCTION

OCTAL VALUE
COMPUTER | CPU CTL PANEL 0 8 6 0 2 2
CONTROL BIT WEIGHT . .
PANEL GPU CTL PANEL alala]alal]alalr]al2]1]a]2 a2 |1 |a
BIT NO. 23[ 22| 21| 20| 19| 18|17 |16 |15 {1413 |12 {11 |10 5a 3|2
BINARY ololof1|1lof1|1]|olololofo] ol1]/ofe
TESTER BIT NO. 23| 22| 21{ 20{ 19 | 18{|17 |16 | 15||14| 13| 12| 11 |10 51al3]2
LoGIC BIT WEIGHT
TESTER LOGIC al 2| 1l al 2| llal2| 1||X|a]2]1]a al2|1]a
OCTAL VALUE,
TESTER LOGIC 0 8 6 0 2
SPU INSTRUCTION
GROUPING OP CODE FTCN TESTER REG. UNIT ADDRESS
TYPICAL SPU
INSTRUCTION SPU READ Ts¢ TESTER
T0 TESTER
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computer under TOPSY monitor control. The read TSC instruction
sequence is described in the following steps:

1. At time T2 (computer phase time T2), the register addreés
board is reset (Figure 3-10). With the register address
board reset, it is ready for the next SPU instruction.

2. At time T3, a gate memory to computer P counter (GPM) signal
occurs, gating the computer P counter to the computer C
register to provide the core memory address for the next
computer (CPU) instruction.

3. At time T4 the contents of the computer C register are gated
to the accumulator bus (BN bus). Bits 18-23 are decoded by
the instruction decode circuitry and generate the peripheral
select (PS) signal.

a. The PS signal is applied to all peripheral CPI units.
However, 120B bits O through 7 code is only acceptable
to the tester CPI. Tester CPI 1 and CPI 2 boards

decode the 120B address bits O through 7 to generate
signal device code 1 (DEVCO 1) and signal device code
2 (DEVCO 2), respectively. The DEVCO 1 signal 1is
ANDed with the PS signal on the CPI 3 board to
generate select device (SELDEV).

b. If there 1is no higher priority pending, the SELDEV
signal is applied to the CPI 1 and CPI 2 boards where
it gates the peripheral status from the P data bus to
the accumulator bus. The peripheral status is
determined from the 1IB16, 1IB17, 1IB18, and IB19
signals, which are gated into the bit 20 through 23
positions, respectively, of the accumulator bus. At
this time, the computer monitors these bit positions
on the accumulator to check whether or not the tester
is available.

c. The SELDEV signal is used by the CPI 3 board to
generate WBP (write to peripheral bus) or WBNB (write
to BN Dbus). The signals WBP and WBNB enable the
transfer of data through the CPI 1 and CPI 2 boards in
either of two directions, to the P buss, or to the BN
bus, respectively. The SELDEV signal is connected by
permanent Jjumper wires to the CPI 2 board, where it
gates signals IB16, IB17, IB18, and IB19-into the bit
20 through 23 positions on the accumulator (BN) bus.
The IB16 through IB19 signals, applied to the bit 20
through 23 positions of the BN bus, contain the status
of the tester peripheral. Bit 20 is signal VCCT, a
power monitor signal from the monitor control panel
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circuitry. If signal VCCT is untrue, power has been
lost, and therefore the BE (bit equal) indicator on
the computer control panel lights, indicating that the
tester peripheral is not available. Bit 21
corresponds to signal DMA (direct memory access) from
the mode register. The DMA signal is connected by
permanent jumper wires to the CPI 2 board. When the
DMA signal is true, it indicates that the tester is
busy or in use Dby 1lighting the LT (less than)
indicator on the computer control panel. Bit 22 is a
signal from the status register called IREQ (interrupt
request). When this bit is true, it indicates that an
interrupt is awaiting service. This interrupt action
(bit 22 true) lights EQ (equal) indicator. Bit 23 is
set by the TSBY (tester busy) signal generated as " a
result of a fixed time delay on the execute delay 1loop
counter (XDL board). When the TSBY signal is untrue,
the tester peripheral is ready for service or in the
idle state. Also, during computer time T4, signal
SELDEV is applied to the register address board, where
it gates bits 8 through 13, 16, and 17 to the inputs
of the address storage elements.

d. By the completion of time T4, the SPU instruction has

accomplished the following:

1) Selected the tester peripheral (bits 0-7)

2) Generated peripheral select signal PS (bits 8-
23)

3) Read status of tester peripheral (bits 20-23)

4) Applied tester register address information to
inputs of register address board (bits 8-13, 16,
and 17)

5) Enabled BN bus to P bus or P bus to BN bus using

SELDEV signal.

At time T5 the computer generates another CPS signal. ::(The
CPS signal is generated once each phase time.) The CPS
signal is wired to the CPI 3 board and generates the PDCLK
(peripheral data clock) signal. The PDCLK signal is
generated at T5 only if the tester was determined to be
available by the computer when it read tester status on bits
20 through 23 at time T4, If the tester is available at
time T5, the PDCLK signal is applied to the register
address, enabling bits 8 through 13, 16, and 17 to be stored
and decoded. The ARO through AR5 signals generated by the
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register address board form the desired address pattern to
enable the selected quad 16 bit register board or the
applicable enabling signal from the register address board
which is applied to the TSC, the I, the mode, the status, or
the memory address register. After the desired short
register is enabled at TS5, it 1is ready to transmit or
receive data at the ensuing phase time, Tl. In this example
the TSC register is enabled to transmit data (to be read by
the computer).

5. At time T1, another PDCLK clock signal is generated. At
time T1l, for this example, the 13 bits of data in the
enabled TSC register are clocked onto the short-register
data bus, through the data buffer, onto +the P data bus,
through the CPI 1 and CPI 2 boards, onto the accumulator
bus, and into the A register. If this SPU instruction was a
write instruction, then at Tl the PDCLK signal clocks the
data into the addressed register. This data in the A
register during a write instruction is the 24 bits of
information which had been stored during a previous computer
cycle in the A register. At time T1l, this data is gated
from the A register onto the BN bus, through the CPI 1 and
CPI 2 Dboards, onto the P data bus, and into the enabled
tester short register.

Write TSC (06402520B) The TOPSY monitor must next address the
TSC register in a write mode to enable the multiplex control
board to generate the signals required to connect the digital and
the analog multiplex buses to the test station. The write TSC
instruction 1is the same as the read TSC instruction except that
bit 16 is now true. The instruction sequence is described in the
following steps:

1., Time T2, Same as for read TSC.
2., Time T3. Same as for read TSC.
3. Time T4. Same as for read TSC.
4

. Time T5. Same as for read TSC, except in this example the
TSC register is enabled to receive (to be written into by
the computer).

5. Time TI1. At time T1, another PDCLK signal is generated.
This PDCLK signal clocks the data into the addressed
register. This data consists of the 24 bits of information
which had been stored during a previous computer cycle 1in
the A register. At time T1l, this data is gated from the A
register on to the accunulator bus, through the CPI 1 and
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TABLE 3-4. TYPICAL SPU WRITE INSTRUCTION

_ OCTAL VALUE
COMPUTER | CPU CTL PANEL 0 6 4 ! 0 2 0
CONTROL BIT WEIGHT
PANEL CPU CTL PANEL 4 12 (11421 1]412|114|2]1]4 ]2 41211 {4 |2
BIT NO. 23| 22| 21| 20{ 19| 18|17 {16 |15 [1a [13 |12 |11 |10 s(af3]2]1
BINARY olofol1f{1]|o|1]o]o|o]o]|1]0]0 o{1{ofofo
TESTER BIT NO. 23| 22| 21 20{ 19 [ 18]}17 {16 | 15{|1a| 13| 12| 11 |10 s|af3|2]1
LOGIC BIT WEIGHT
TESTER LOGIC af 2114 2]1|faf2]|1 al2{1|4 al2f1]a]2
OCTAL VALUE,
TESTER LOGIC 0 6 4 2 2 0
SPU INSTRUCTION
GROUPING OP CODE FTCN TESTER REG. UNIT ADDRESS
TYPICAL SPU
INSTRUETION SPU WRITE DPS1 TESTER
T0 TESTER
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CPI 2 boards, onto the P data bus, and into the enabled
tester short register. For the next SPU write instruction,
which is started at time T2, the entire sequence previously
described for an SPU instruction is reéepeated. Before an SPU
write instruction is stored in the C register, a 24-bit data
word must be fetched and stored in the A register. This
fetch operation requires a complete T2, T3, T4, T5, T1
computer cycle. Once the desired data instruction is stored
in the A register, another SPU write instruction may be
executed in the same manner as previously described. An SPU
read instruction does not require prior storage of a data
word in the A register. Of course, the A register must be
available for storing the data read at time T1l, depending on
the particular computer programming. In this example, bits
16 and 17 of the write instruction, along with the TSC
register address, initiate a write TSC register (WTSC/)
signal which enables the test head enable information
contained in short-register data bus bits O and 1 to Dbe
clocked into dual flip-flop B2 (at CPU time T1). The output
information is encoded to create test head enable station 4
signal (THEN4) to connect the mainframe multiplex to the
test station.

Write DPS1 (06410520B) With the test station connected to the
mainframe as a result of the write TSC instruction described in
the previous paragraph, the tester 1is now ready for the
programming of the RVS and DPS supplies described in the
following steps:

1. The WTSC/ signal from the register address board is also
used on the multiplex control board to set flip-flop C1
(type 9000 J-K flip-flop), which generates an STRS/ (start
set) signal. This signal is generated at the Tl PDCLK time
which is when the THEN4 signal was generated. (CPU time
T1.)

2., The ©STRS/ signal 1is sent to the status register where it
resets flip-flop E6, generating signal STP/ (stop) and STR
(start). Signal STR (start) is sent to the phase loop
counter to control phase timing.

3. Following the test head addressing and enabling signals
during CPU times TS5 and T1, the TOPSY program then 1locates
the test program and prepares to load and execute. During
computer time T2 the register address board is cleared. The
next instruction to be sent to the tester is then resident
in the C register of the computer. The TOPSY monitor scans
the instruction, interpreting the coding and preparing to
transfer it to the tester.



e e
FAIRCHILD
]

SYSTEMS TECHNOLOGY

Once the test station multiplex has been enabled, and the
necessary relays, 1line drivers and 1line receivers have
connected the test station to the mainframe and to the
computer control, normal testing can continue wunder TOPSY
control, Typically, in any FACTOR program, there are
statements used to control analog power supplies, which are
used to provide input reference voltage levels for a logical
0O and a logical 1, and biasing and Vcc voltages for the :DUT
test. The analog supplies, digitally programmed power
supplies, and their associated current trip points, are
programmed using SPU commands. A typical method of loading
information into one of the power supplies is as follows:
Assume that the statement, FORCE VF1 to 5V in Range 2, was
one of the first statements in a typical FACTOR program, and
this information is intended to cause DPS1 to go to a 5-volt
logic level signal at some specific current level.

If the next instruction is not a long register (D, M, F, S,
C, or R) instruction, another SPU command must be issued to
address the register to which the data is to be transferred.
This non-DMA mode of operation does not require the wuse of
the I register. If the instruction (Example: FORCE VF1
500E~-2) is intended for a register which is accessed from
the short-register data bus, the SPU command generated by
the TOPSY monitor will include the wunit address of the
Tester (120B), and the address of the VF1 supply register
which is to be loaded with data.

An example of an SPU command used to address the tester and
the DPS1 to load data into the DPS1 register is given in
Table 3-4. An SPU command addressing the tester (120B),
then a DPS (21B) transfers the information from the
accumulator bus to the P data bus, through the CPI 1 and CPI
2 boards, and then to the short-register data bus via the
data buffer board. The DPS is loaded from a single Quad 16
bit register board. The address of the DPS is generated on
the control 1 board. The DPS receives 12 Dbits of
information in parallel from the short-register data bus.
The DPS is energized as soon as the Quad 16 bit register
board completes the loading operation. All short registers
are loaded in the non-DMA mode by an individual SPU command.

SPU Instruction to MAR f The computer software issues an SPU
instruction to address the memory address register (MAR) 1located

on

the CPI 1 and the CPI 2 boards. Once addressed, the memory

address of the long-register data block is loaded into the MAR.
This provides a local memory location counter and storage element
for the phase loop counter.
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SPU Instruction to Status Register. During the next computer
cycle time, another SPU instruction is issued and decoded,
addressing the status register. During time T1 of this SPU
command, bit 4 of the status register is set. Bit 4 is the trap
enable bit for the tester. During the program run time, the trap
bits are inserted into the last long register instruction of the
current long-register data block. When the last instruction is
executed, the trap bits (I23-I122) are decoded and gated with Dbit
4 (the trap enable bit of the status register) to generate an
interrupt. This interrupt initiates a reset of the DMA
oepration.

SPU Instruction to Mode Register. A third SPU instruction issued
by the computer addresses the mode register, and at time T1 the
data instruction sets bit 9 of the mode register. Bit 9 is the
DMA mode bit that enables the system to be controlled Dby the
phase loop counter and XDL counter.

3.2.2 DMA MODE

Data is transferred to the long registers during a test sequence

by means of direct memory access (DMA). The programmed
information destined for the test station long registers is set
aside in memory as a long-register data Dblock. The starting

memory address of the data block 1is retained in the actual
program., Statements which set F, R, M, D, S, and C registers are
the infromation words programmed for DMA operations. During DMA
operation the tester is controlled by the phase loop counter and
the execute delay loop (XDL) counter. The computer is then
released to perform other duties such as datalog, process error
or failure information, and monitor system and peripheral status.
Prior to entering the DMA mode the computer must issue several
SPU commands to configure the system for direct memory access
operation, which is the tester's fastest operating mode. Typical
SPU instructions were discussed previously in SPU Mode.

3.2.2.1 DMA Sequence

Execution of the DMA instruction sequence is carried out under
the control of the Phase Loop Counter. In all, the Phase Loop
Counter has the functions of controlling the transfer of
information from the Instruction Register to the long registers,
and, with the CPI, controlling the DMA transfer from memory to
the Instruction Register.

During the following discussion, the reader may refer to the
Phase Loop Counter A schematic, drawing number 97340805-04.
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Table 3-5 relates the internal signal names used here to the
generating gate or flip-flop location.

The Phase Loop Counter consists of three flip-flops named PHO1,
PHO2 and PHO4. The eight states are decoded and named -PHSO
through PHS7 (PHS4 1is not used). The counter ‘has several
possible sequences depending on the long register address, the
command held in bits I23 and I22 of the Instruction Register, the
FTS and DMA bits of the Mode Register, the STR, FTINT and IREQ
signals generated by the Status Register, and the DLY and XO
signals generated in the XDL counter., In all, there are five
conditions of interest, 1leading to four count sequences. The
count transitions common to the five sequences will be discussed
first, then the conditional transitions.

Common Transitions PHSO is the off state, during which no DMA
transfers are made. Transition from PHSO to PHS1 occurs when the
condition STR DMA IREQ/ FTS/ is true, where STR is the Status
Register start bit, DMA is the Mode Register DMA control bit,
IREQ/ is a signal indicating that wmo tester interrupts are
pending, and FTS/ is the Mode Register Function Test Suspended
bit. (Another transition from PHSO to PHS2 with FTS is
implemented, but no longer used. This will be discussed later
for the sake of completeness.) PHS1 is held until the CPI
indicates that memory access is granted, MACG, at time T1, At
that time, a word <from memory is written into the Instruction
Register and PHS3 is entered. Exit from PHS3 depends on 123,
I22, and whether long register F is addressed.

Read or Trap Read or Trap commands are identified by 123, If
I23 is true, the TRP bit of the Status Register 1is set Dby the
signal TRPS (during PHS3) and PHS2 is entered. PHS2 is held
until the XDL counter indicates that a previous function test 1is
completed. When the X0 state of the XDL counter occurs, the
flip-flop XOD is set, giving a one clock period delay, which
allows time for a function test failure to generate the function
test interrupt request FTINT. If FTINT/ is true (no function
test failure occurred), and XOD is true, DMA is reset by DMARB
and PHS7 is entered. The transistion from PHS7 :.occurs
immediately and is to PHSO. If the signal FTINT is true with XOD
in PHS2, DMA is reset by PHS2B and PHSO is entered. This
transition is independent of any other conditions.

Write to F Register , If the word held in the Instruction
Register contains a write and hold command, indicated by 123/
I22/, to the F register, the latch GITL is set and the signal
LWRITE is generated during PHS3. The transition from PHS3 is to



e ———
FAIRCHILD
e —————]

SYSTEMS TECHNOLOGY

PHS1, when GITL is reset. GITL gates the contents of the
Instruction Register +to +the 1long register data bus; LWRITE
controls the transfer from the long register data bus to the long
register addressed.

If the Instruction Register holds a write and execute (I23/ 122)
to the F register, GITL is set and LWRITE is generated as above,
but the transition from PHS3 is to PHS2, Again PHS2 is held
until XOD becomes true. If FTINT/ is true at that time PHS1 is
entered and the signal XDLS, which starts the XDL counter, is
generated. Note that function test patterns are loaded into the
F register master while a function test previously loaded is
being executed. This is possible because the F and S registers
are master-slave types. This feature not only speeds testing,
but simplifies control of the test rate.

Write to non-F Registers During a write and hold to any long
register other than F, PHS2 is entered from PHS3. When XOD and
FTINT/ are true, GITL is set, LWRITE is generated, and PHS1 is
entered. PHS1 again resets GITL.

Write and execute to a non-F long register is similar to write
and hold, except that the transition from PHS2 is to PHS6. PHS6
initiates hardware delays, depending on the register addressed
(see below), and resets GITL. The transition from PHS6 is to
PHS5 and 1is wunconditional. PHS5 is held until the signal DLY/
becomes true, indicating that the hardware delays have timed out.
If FTINT/ is true at that time, PHS1 is entered. If FTINT is
true, PHS7 is entered, DMA is reset by DMARA, then PHSQ is
entered. (The transition from PHS7 to PHSO is conditional on
X0D. PHS7, however, cannot be entered unless XO0D is true.)

PHS6 may initiate one of three delays, depending on the register
addressed. The signal .5DLS 1is generated and starts a 280
usecond delay, if the S register is addressed. Another signal,
1DLS, is generated and starts a 560 usecond delay, if the D, R,
PA, SID, PPS, PSL, EIR, STSC, or DCT registers are addressed. If
the PPS or PSL registers are addressed, the signal TDCR is
generated along with 1DLS. TDCR starts the programmed DC delay.

CPI Control The Phase Loop Counter A board generates the signal
RMEM which requests the CPI to perform a DMA read. RMEM is reset
the following T1 time if DMA/ is true, or if MACG is true and the
word read from menory is anything other than write and hold to
the F register. RMEM thus allows a continuous DMA transfer when
loading the master side of the F register, but forces a DMA
interruption of at least one memory cycle in any cther case.
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Miscellaneous Functions. A number of miscellaneous functions are
implemented on the Phase Loop Counter A board providing the means
of controlling non-DMA data transfers to the long registers, and
generation of the signals CLRI (clear the Instruction Register)
and GMTS (gate-master-to-slave for the two master-slave long
registers, F and S).

When an SPU write to the I register instruction is executed, two
signals, EIC and EICl, are generated on the Register Address
board. EIC occurs immediately after the Instruction Register
write, EIC1 occurs one clock period later. Both are one clock
period wide. On the Phase Loop Counter A board, EIC sets GITL
and EIC1l generates LWRITE. EIC1 will generate 1DLS if the
Instruction Register holds a write and execute to any of the
registers associated with 1DLS in the DMA mode. EICl is delayed
one clock period by the flip-flop GITLR, which resets the GITL
latch.

GMTS 1is generated by GITLR if the Instruction Register holds a
write and execute command, or by the X1 state of the XDL counter,
or by PHS6 if the S register is addressed.

The Instruction Register is cleared with CLRI by the clock pulse
that occurs during T1 time 1if the signal MACG is false,
indicating that no memory access has been granted.

Function Test Suspended Tester expansion and development has
obsoleted the Function Test Suspended function, which is mnow
performed by system software. It is, however, implemented in the
Phase Loop Counter A board and is discussed below.

As mentioned earlier, the master of the F register may be
reloaded while the function defined by the F register slave ‘is
tested. Thus the F master register holds the function test
following the current test at the time a failure is detected. If
this condition occurs, the signal FTSS is generated and sets the
FTS bit of the Mode Register. FTSS is generated at PHS2 time, if
FTINT , and XOD are true, and if the Instruction Register holds a
write to the F register command.

The transition from PHSO is +to PHS1 if the condition STR DMA
IREQ/ FTS is true. During PHS2 the XDL counter is started, then
PHS1 1is entered. State X1 of the XDL counter resets FTS if STR,
DMA, and IREQ/ are true. If FTS is true the transitions from
PHSO to PHS2 to PHS1 are forced and not dependent on the contents
of the Instruction Register.
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TABLE 3-5

Name Package-Pin Schematic Page-Area

CLR1/ A1-8 2 B-1
DMARA / F5-12 1 A-3
DMARB / €3-11 2 C-2
FTSR/ D8-8 2 A-2
FTSS/ D5-8 1 A-2
GITL C5-8 1 A-2
GITLR D4-10 1 c-2
GMTS B4-8 1 C-2
LWRITE A4-6 1 B-2
PHO1 A7-6 2 B-2
PHO2 A7-10 2 B-2
PHO4 D4-6 2 - C-2
PHS0-7 E4 2 B-1, C-1
PHS2B/ F5-8 1 A-3
RMEM B1-6 2 A-2
TDCR/ A3-8 1 B-2
TRPS / F7-11 2 A-2
XDLS / D5-6 1 A-2
XOD B8-6 2 C-2
5DLS / C3-6 1 c-2
1DLS/ A3-6 1 C-2

3.2.3 PROGRAMMABLE VOLTAGE SUPPLIES

There are two types of programmable voltage supplies; reference
voltage supplies (RVS's) and digitally programmable supplies
(DPS's).

Reference Voltage Supplies The function drive reference and the
level detection reference RVS's are identical except for a differ-
ence in gain due to different amplifier feedback resistors. These
supplies are energized under program control. There are five sets
of RVS's which are the following:

RVS TYPE FUNCTION DRIVE REFERENCE LEVEL DETECTION REFERENCE

Designation EO-E1 EAO-EA1 S0-S1 EBO-EB1 ECO-EC1
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RVS TYPE FUNCTION DRIVE REFERENCE LEVEL DETECTION REFERENCE

Control
Register (33)(32) (37)(36) (35)(34)(43)(42) (45)-(44)

Each RVS printed circuit board consists of two independent but
identical digital-to-analog converters. The digital-to-analog
converter 1is the current summing type, 10 bits plus sign (two's
complement), with a current summing output amplifier which has
two gain ranges. Each amplifier may be switched from the ladder
network into the output of a non-inverting :amplifier which 1is

driven externally. The output amplifiers have remote sense
feedback, which may be switched to enable either one of two
output ranges. Each sense 1line may be switched into a common

point which enables the monitoring of either supply by the PMU.
For further information, refer to the RVS (97206103 and 97206110)
porition of the section on printed circuit board theory.

Digitally Programmable Supplies There are three DPS's in the
tester. The supplies are mounted on printed circuit boards, each
having an  associated l-amp buffer circuit mounted on separate
boards.

The DPS supplies are energized under program control. The
supplies may be programmed to force a voltage or current, with
programmable voltage or current trip circuitry to interrupt the
system if the actual value exceeds the programmed value. The
supplies can be programmed in either polarity in two voltage and
two current ranges.

Each DPS has the following circuits: Two D/A ladder networks, 10
bits plus sign, two's complement. A two-range amplifier, (1 amp
buffer board) for 1l-amp drive capability. Three comparators,
used for monitoring the output current 1level. A differential
amplifier, with high common mode voltage capability, used to
convert the output current level into a voltage level. A Dbuffer
amplifier that enables the use of a high impedance external
voltage source, to replace the programmed voltage. - Analog
switches and drivers necessary to perform the logic functions of
the assembly.

The 1ladder networks consist of 10 switches each. When the
voltage ladder is programmed for a specific voltage, the current
ladder may be programmed for a current trip and vice versa.
Amplifier A2, together with the 1l-amp buffer, provides the output
voltage or current. The gain of the amplifier when. connected in
the current summing mode may be changed by closing K3, Both
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ranges have gain adjustments R5 and R6 and zero offset adjustment
R9.

Sense lines provide for remote sensing. Relay K7, when
energized, connects the sense line to the PMU bus for monitoring
by the precision measurement unit. The force 1line has two
current sensing resistors in the 1 amp buffer board that allow
monitoring of the output current at two range levels. A
differential amplifier is connected across the current sensing
resistors on the lamp buffer board. It generates a voltage that
is proportional to the current being drawn. For further
information, refer to the DPS (97206104) and the 1-Amp Buffer
(97206105) portion of the section on printed circuit board
descriptions.

3.2.4 PMU - PRECISION MEASUREMENT UNIT
INTRODUCTION

Functions

The Precision Measurement Unit (PMU) is an instrument which,
under program control, can be connected to an individual pin of
the device under test (DUT), for the purpose of making a
quantitative voltage or current measurement at that point. This
is wuseful during DC parametric or DC GO/NO-GO testing. The PMU
is also capable of applying (forcing) a precise program-specified
voltage or current to any desired pin of the DUT. 1In practice,
these two operations are performed simultaneously--i.e., a
voltage 1is applied, and a measurement is made of the resulting
current flow; or, alternatively, a current is forced, and the
voltage is measured.

The PMU can also be used to make a variety of internal
measurements within the test system itself, such as measuring
test head analog reference voltages and functional test voltages,
as well as voltages at certain of the test points located on the
printed circuit cards within the system. This 1is done
automdtically during system self-check wunder the control of
diagnostic programs. Thus the PMU is also a troubleshooting aid
at the user's disposal for purposes of system maintenance.

Basic Operating Modes

Figure 3-13 is a simplified block diagram of the PMU forcing and
measuring circuitry. The positions of switches SW1 and SW2
implement the choice of operating mode.
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When the PMU 1is to be wused 1in the voltage forcing-current
measuring mode, switches SW1-B and SW2-A are closed. The closure
of SW1-B completes a voltage feedback loop, so that the voltage
sensed by the 40 volt follower 1is fed back to the open-loop
summing amplifier Al. The input of Al is the voltage VR, which
is the output of DAC 1, a digital-to-analog converter whose
inputs are determined by the test program. The net result is
that a stable PMU output voltage Vo 1is produced, which is
proportional to VR. The ratio of the two, Vo/VR, is determined
by the gain of amplifier A5, which is also program controlled.
Thus the gain of A5 serves to establish the output voltage range
(in practice A5 may be an active amplifier or a simple resistive
voltage divider, depending on the voltage range selected). '

The concurrent closure of SW2-A completes a current measuring
circuit. The output voltage V4 of the differential amplifier A4
is proportional to the current flow Io into the DUT, by the
simple relation V4=Io.R3. V4 +then becomes one input to the
comparator A9. The other input to A9 is VS, the output of DAC 2.
A software routine, using the output of A9 as a control signal,
adjusts the inputs to DAC 2 until V4 and VS are equal. This
produces a quantity proportional to Io in digital form in the DCT
register, which can be 1read out as part of the datalogging
process.

Operation in the current forcing-voltage measuring mode is
accomplished in a similar manner, by closing switches SWl1-A and
SW2-B. The closure of SW1-A completes a '"current feedback loop",
in which V4 must be equal in magnitude to VR. Since, however, V4
is proportional to Io, the net result is the production of a
stable PMU output current, proportional to VR, which drives (or
loads) the DUT, as set forth in the program. The ratio of the
two, VR/Io, is the value of the current range resistor R3, which
is switched in under program control to select the appropriate
current range.

The concurrent closure of SW2-B completes a voltage measuring
circuit, by connecting the output of amplifier A5 to one input of
comparator A9. As above, a software routine adjusts the inputs
to DAC 2 until V5 and VS are equal, such that a quantity
proportional to Vo is retained in the DCT register.

Control

The operation of the PMU is controlled mainly by the contents of
four registers, named as follows:

PPS (Precision Power Supply) register
DCT (DC Trip) register
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PSL (Precision Sense Level) register
PA (Pin Address) register

The exact information content and bit configuration for each of
these registers will be explained later. The following
paragraphs describe the main functions of each register.

The PPS register holds the information determining the value of
the voltage (or current) to be forced. This includes polarity,
range, magnitude, and whether the forced quantity is voltage or
current.

The DCT register is used to hold the information fed into DAC 2
during the course of the analog-to-digital conversion of the
measured current (or voltage) value, as explained above. When
this conversion is complete, the measured quantity is contained
in this register in digital form. Polarity, range, and magnitude
information are also present.

The PSL register is used to hold the information establishing the
operating range for voltage or current measurements by the PMU,
and specifying whether it is indeed current or voltage that is to
be measured. The PSL register also holds the information
specifying voltage clamp values. These values are upper and/or
lower limits on the allowable voltage at the PMU output--i.e., at
the pin of the DUT. This provides protection for the device
under test. For example, a programming error may cause the PPS
register to specify a harmfully high voltage to be applied to the
pin of +the DUT. In this case the voltage clamp circuit,
programmed with 1limit values held in the PSL register, provides
the required compensation within the voltage feedback loop, so
that the PMU output voltage does not violate these limits, and
thus the device is protected.

The PA register holds the information controlling the connection
of the PMU to the appropriate pin of +the DUT, or to the
appropriate internal node within the test system. The bits of
the PA register constitute the pin address.

OPERATION

Analog Circuits
Forcing and Measuring Circuits

Figure 3-14 is a simplified schematic of the basic forcing
feedback loop and measuring circuit, serving as a reference for
the following descriptions. Table 3-6 below, lists the voltage
and current ranges available.

3-41
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TABLE 3-6. VOLTAGE AND CURRENT RANGES

Range # Voltage Current
0 - 1uA
1 1V 100uA
2 10V 10mA
3 40V 100mA

DAC 1 and DAC 2 both have full scale outputs of 10 volts. Al is
an opegational amplifier with open loop voltage gain on the order
of 10 (100 dB); Ve, then, may be considered equal to zero.
Since R1=R2, therefore, V6=-VR.

How the voltage ranges are established, can be demonstrated by
tracing the voltage gain from the PMU output Vo to amplifier A6
output V6. Vo' is the output of the 40 volt follower, which is a
unity gain non-inverting amplifier having a very high (1012
ohms) input impedance. Thus Vo'=Vo.

When the 10 volt range is selected, the voltage divider formed by
R6 and R7 is used. In that case, V12=(R7/(R6+R7))Vo'=Vo/2. When
the appropriate switch (SW1-G) is closed, V10=V12., Finally, the
gain of the non-inverting amplifier A6 is given by
V6=((R20+R21) /R21)V10=2V10. Thus by substitution V6=Vo, from
which it follows that the PMU output Vo has the same value
(although opposite in polarity) as the DAC 1 output VR, thereby
establishing the 10 volt PMU output range.

In exactly the same manner, when switch SW1-H is closed, V10=V11,
and V11 = (R5/(R4+R5))Vo'=Vo/8, therefore, V6=Vo/4, so that the
40 volt range is established in this case.

When SW1-F is closed, V10=V5. V5, however, is the output of the
non-inverting amplifier A5, +the gain of which is given by
V5=((R8+R9)/R9)Vo'=5Vo. Thus V6=2V10=2V5=10Vo, which establishes
the 1 volt range.

Since the gain of A7, given by V7=((R22+R23)/R23)V13=2V13 is the
same ds the gain of A6, and DAC2, like DACl, has a full scale
output of 10 volts, it can be seen that the voltage ranges for
measuring are the same as those for forcing. The only difference
is simply that the appropriate legs of SW2 are closed, rather
than SW1 , so that the voltage information is fed to the
comparator A9, rather than closing the voltage feedback loop into
Al.

Current forcing ranges are determined by the positions of
switches K1-5 and SW1-A,B,C,or D. When a current range of 100uA,
10mA, or 100mA is chosen, SW1l-B,C, or D is respectively closed,
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and in all three cases V10=V3. A2 and A3 together act as a
differential amplifier, where V2=-(R13/R12)VB=-VB/10 and V3=-
(R15/R14)V2-(R15/R11)Vo'=-10V2-Vo'=VB-Vo. Hence V6=2(VB-Vo).

VB-Vo is related to the PMU output current Io by the relation VB-
Vo=I0.R3, so that V6=2I0.R3. Substituting the values of R3
switched in by K1, K2, and K3, we have:

V6=210.50K = 100,000I0 (100uA range)
V6=210.500 = 100010 (10mA range)
V6=210.50 = 100Io (100mA range)

As before, V6, like DAC 1 output VR, has a full-scale range of 10
volts. The resistance values 1listed above for R3 are the
equivalent parallel resistances of the resistor switched in by
K1, K2, or K3, and the 200K resistor that is always in place.

The 1uA range is implemented when switch SW1l-A is closed. This
sets V10=V4, connecting the input of A6 to the output of
differential amplifier A4 . Therefore, V4=(R16 /R17 )VB-
(R18/R19)Vo=25(VB-Vo), and V6=50(VB-Vo). Substituting VB-
Vo=Io.R3, it follows that V6=50x200KxI0=10x10° Io. Since V6,
again, is 10 volts full scale, the range of Io is 1luA.

The preceding paragraphs describe the establishment of the ranges
for current forcing. The ranges for current measurement are the
same. This 1is due to the fact that the gain of amplifier A7 is
the same as that of A6, and the output range of DAC 2 is the same
as that of DAC 1. 1In the case of current measuring the output of
A3 (or A4) is switched by SW2 through A7 to the comparator A9,
rather than by SW1l through A6 to complete the feedback loop at
the input of Al.

Further aspects of this circuitry will be discussed in the
section on detailed circuit descriptions. This discussion
examines the various 1loading effects, the choice of voltage
sampling points, and the purpose and structure of the 100 mA
buffer and 40 volt follower.

Voltage Clamp Circuit

This circuit provides protection for the device under test, by
setting up limits for the PMU output voltage Vo. These limits
can be selected under program control, according to the
configuration of bits in the PSL register.

Figure 3-15 1is a simplified schematic, showing how the voltage
clamp circuit modifies the basic voltage (or current) forcing
feedback 1loop to accomplish this voltage limiting action. The



Sv-¢€

‘}b ’» AR FORCE
\Io
(FROM DAC I) ‘

100mA
VR A\,’U\, Ve BUFFER -

CRI CR2
R24 5K S4
—WW\—0

40/100V

CR6

CR3 CR4

FIGURE 3-15. VOLTAGE CLAMP CIRCUIT SIMPLIFIED
SCHEMATIC DIAGRAM

ADOCTIONHI3L SWILSAS

QIIHDME I



e ——————
FAIRCHILD

SYSTEMS TECHNOLOGY

signal path from DAC 1 output VR and amplifier A6 output V6,
through Al, the 100mA buffer, R3, the DUT, and the 40 volt
follower is part of the Dbasic forcing feedback 1loop. The
remaining circuitry shown in Figure 3 is unique to the voltage
clamp circuit.

The actual voltage clamp values depend on the characteristics of
the zener diodes CR3 and CR4, and the gain of amplifiers Al0-A
and A1l0-B. The clamp circuit operates when the '"clamp enable"
relay K1 is closed, and when the voltage V15 exceeds about +6
volts (that is, less than -6 volts or more than +6 volts). The
values of Vo corresponding to 6 volts at V15 are inversely
proportional to the gain of A10-B, which depends in turn on the

position of the clamp magnitude relays S1, S2, S3, and S4. For
example, when all four relays are open, only the 80K ohms
feedback resistor remains across Al0-B. Thus V15=-40xV14 and

V14=-Vo'/10, so that Vo=V15/4=+6/4 volts; hence the clamp limits
on Vo are +1.5 volts.

Values of Vo outside this range do not occur, since the
additional feedback through Al10-A and Al0-B provides enough
current into the summing Jjunction Ve at the input of Al, to
maintain Vo at the limiting value.

Higher clamp values are set by closing relays S1, S2, S3, and S4
according to the configuration of the corresponding four bits
(VLT1-4) in the PSL register. The clamp values are a linear
function of this four-digit binary number. The actual numerical
values are given in the following table.

TABLE 3-7. VOLTAGE CLAMP VALUES

Clamp Value

VLT (Volts)

4 321

0000 +1.5
0001 ¥4.5
0010 ¥7.5
0011 ¥10.5
0100 F13.5
0101 ¥16.5
0110 F19.5
0111 ¥22.5
1000 ¥25.5
1001 ¥28.5
1010 ¥31.5
1011 ¥34.5
1100 +37.5
1101 +40.5
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Tolerances are *1 volt +10% of the value specified.

The clamp operation also provides a choice of 'positive",
"'negative', or '"symmetrical' clamp. These are defined by the
following allowed voltage ranges:

positive clamp -0.7 volts to +Vc
negative clamp -Vec to +0.7 volts
symmetrical clamp ~-Vc to +Vc

where Vc are the values given in Table 3-7 above.

Positive and negative clamp are implemented by closing relays K3
or K2, respectively, according to the values of bits 6 and 7 in
the PSL register. Symmetrical clamp occurs with both K3 and K2
open.

Control Circuits

PPS (Precision Power Supply) Register

This register holds the information determining the value of the
voltage (or current) to be forced. Fourteen bits are used,
according to the following format:

Bits O0-9 and the polarity bit 10 are fed to DAC 1 to determine
the value of VR (see Figure 2). The (binary) 10 place accuracy
of bits 0-9 provides a resolution of 0.1% of full scale. Bit 10
is a zero for positive polarity, one for negative.

Bits 0-10 are in two's complement coding, as illustrated by the
following examples:

0111111111 = +FS (full scale)

0000000001 = +LSB (least significant bit)
0000000000 = 0O

1111111111 = -LSB

1000000000 = ~(FS+LSB)

Bits 11 and 12 determine the voltage (or current) forcing range
as follows:

TABLE 3-8 - VOLTAGE AND CURRENT RANGE BIT FORMAT

Range Bit 12 Bit 11 Voltage Current
0 0 0 -— 1uA
1 0 1 1v 100uA
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TABLE 3-8 -~ VOLTAGE AND CURRENT RANGE BIT FORMAT (Continued)

Range Bit 12 Bit 11 Voltage Current

2 1 0 10V 10mA

3 1 1 40V 100mA
This range information, together with ©bit 13, which selects
voltage or current forcing (1l=voltage forcing, O = current
forcing), then controls the position of the switches SW1l (Figure

2) and (in the case of current forcing) relays K1 through K5.

DCT (DC Trip) Register

This register holds the information wused in the voltage (or
current) measuring process. Fifteen bits are present, in the
following format:

Bits 0-9 and polarity bit 10 are fed to DAC 2 to establish an
analog comparison reference into the comparator A9 (Figure 2).
As with the PPS register, a resolution of 0.1% of full scale is
available.

Bits 11 and 12 duplicate the corresponding bits of the PSL
register, which in turn hold +the information establishing the
voltage (or current) range for measuring. The definitions of the
four ranges used are the same as listed under "PPS Register"
above.

Bits 13 and 14 are used in connection with DC GO/NO-GO testing.
Bit 13 is defined by:

1
0

Greater than (GT)
Less than (LT)

o

Thus it 1is possible to specify (using bits 0-13) pass and fail
thresholds for the measured voltage or current. This DC GO/NO-GO
testing 1is carried out in Direct Memory Access mode. When a
GO/NO-GO measurement is executed, a DC strobe signal samples the
comparator (A9, Figure 2) output. A failure generates a DC fail
signal, which causes a functional test interrupt.

A comparator fail signal during a strobe sets a latch (LRD14/=0)
at bit 14, while a comparator pass signal during a strobe resets
this latch (LRD14/=1).
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TABLE 3-9. PPS REGISTER
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The DCT register 1is also wused in the course of making a
quantitative DC parameter (voltage or current) measurement. In
this case, a software routine carries out an algorithm of
successive approximations, based on the comparator output
condition as feedback around DAC 2. The execution time of such a
software A/D conversion is about 350 microseconds.

This software routine performs 11 iterations -- one for the sign,
and one for each of the 10 magnitude bits. The DCT register is
initially loaded with all zero's. Then, depending on whether the
comparator output corresponds to a pass or fail, the sign bit 1is
set to zero or one. Next, each of the magnitude bits, in
descending order of significance, is set to a zero or one. This
is accomplished by an addition or subtraction of a one in each
bit position, depending on whether the comparator indicates pass
or fail. The quantitative effect of each such addition or
subtraction is one-half that of the previous operation, hence the
term '"'successive approximations'.

PSL (Precision Sense Level) Register

This register 1is wused for setting up sense (measuring) range
conditions and voltage clamp values. Fourteen bits are arranged
in this register as follows:

Bits 0-3 select the clamp magnitudes as given in Table 2 in the
analog circuits section above. Bit 4, clamp enable, if it 1is a
one, closes relay K1 (Figure 3), connecting the clamp circuit
into the feedback loop.

Bits 6 and 7 select positive, negative, or symmetrical clamp, as
defined in the section on the voltage clamp circuit above, and
shown in the following table.

Clamp Bit 6 Bit 7
Positive 0 1
Negative 1 0
Symmetrical 0 0

The range enable, bit 10, has two functions. If bit 10 is a one,
the sensing ranges (bits 12 and 11) can be programmed, and the
clamp data (bits 0-7) is protected. If bit 10 is a zero, the
voltage clamp can be programmed, and the range data is protected.

Bits 12 and 11 determine the sensing (measuring) range, with
values according to Table 3 under "PPS Register" above.
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Bit 13 determines whether the measurement 1is a current or a
voltage. Bit 13=1 is defined as a voltage measurement, while
with bit 13=0, current is sensed. Bit 13 of the PSL register is
constrained to be the complement of bit 13 in the PPS register.
Thus, in effect, when voltage is forced, current is measured, and
when current is forced, voltage is measured.

PA (Pin Address) Register

This register holds the information addressing the specific pin
of the test head (or internal node) to which the PMU is
connected. Nine ©bits are present, according to the following
format:

This provides a capability such that DUT's up to 120 pins can be
tested, as far as pin addressing is concerned (the actual number
of pins depends on the system and option selected). These pins
are arranged in up to 8 ranks of 15 pins each. Bits 4-6 select
which of the 8 ranks is addressed; bits 0-3 select one of the 15
pins within that rank. Since the four bits 0-3 provide 16 bit
configurations, and only 15 are used, there is one combination
left over. This is the 0000 address, and is used for "XPMU", a
position to which the PMU is switched when not in use.

Bit 7 (In Node) is a O for all pin addresses. When bit 7 is a 1,
the PMU is connected to specified internal nodes. The same 7
bits, O - 6, that are used to specify all pin addresses, are used
to specify all internal node addresses. All internal nodes can
therefore be considered as starting with address 128 in the pin
address register.

Bit 8 (CVC), when equal to one, is used to connect the functional
test driver and the PMU to the same test head pin at the same
time, in response to the ENABLE RELAY statement. Bit 8 can be
set only if bit 14 is a one (LRD14/=0), whereas bits 0-7 can be
set only if bit 14 is a zero (LRD14/=1).

The components of the pin address register are located on the 15
Bit Decoder Board. For the sake of completeness, however, its
function is described here as part of the PMU operation.
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DETAILED CIRCUIT DESCRIPTIONS
Analog #1A Board (Refer to schematic 97341605-04)

Basic Forcing Loop and Sensing Circuitry

The operation of this feedback loop is discussed in the section
on analog circuit operation above. This section discusses some
of the factors regarding the choice of components.

An important consideration is that the response of the feedback
loop should be as fast as possible, so that the PMU output
voltage (or current) can faithfully follow the DAC 1 output
without overshoot. Thus the wuse of fast (high slew rate)
operational amplifiers is dictated.

Amplifier A6 1is a particularly fast op amp, which has a high
input impedance and a low input bias current. The main function
of A6 is to isolate the switching network S1 from the summing
resistor R6 at the input of Al. The switches are a solid state
MOS type having a resistance of about 1000 ohms when turned on.
The low input bias current into A6 assures a low current through
S1 and thus a negligible voltage drop across S1. This in turn
helps assure the accuracy of the feedback portion of the Dbasic
forcing loop.

Amplifier A7 serves a similar function to A6, but with regard to
the switches S2 and the comparator A9. The speed requirement is
not as critical as A6. Therefore, a general purpose op amp (ul
741) is used.

A4 is a discrete op amp module with very high slew rate and
common mode rejection ratio. It is connected as a differential
amplifier, the gain of which is determined by the ratio of the
feedback and input resistors, as mentioned in the analog circuits
operation section above. The relatively high (closed loop) gain
(25) of this amplifier is required because of the low (1 uA full
scale) current being measured, and the moderate (200K ohms) value
of R13. R13 must not be too high, since a high value would
result in a 1long RC time constant and hence a slow response of
the feedback loop. The high gain of A4 results in significant
amplification of noise on the 1luA range; therefore, a low-pass
filter is inserted, composed of R70, C8, and R45.

A2 and A3 together form a differential amplifier (as stated in
the analog circuit operation section). The use of two 1low
voltage IC op amps provides a high common mode rejection ratio
and a high common mode range. The speed requirements on A2 and
A3 are not as stringent as those on A4. This is true because the
speed of the feedback loop is jointly a function of amplifier
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slew rate and the value of the current sampling resistors (R13,
R14, R15, R16). For the 1luA range, a larger value of R13 (200K
ohms) is required, to the detriment of the response time. To
compensate for this, A4 must be especially fast, hence the
necessity to build A4 as a single amplifier, from discrete
components. For the higher current ranges (100uA, 10mA, 100mA),
this resistance (R14, R15, or R16) is lower, and hence A2/A3 can
be slower. Both A2 and A3 are 1low input bias current types
(uA777), to avoid offset voltage errors at the outputs of A2 and
A3. In practice, this means an error of less than 5mV, (the LSB
value at the points V3 and V4.)

100mA Buffer Amplifier

The 100mA buffer is wused to increase the current and voltage
capability of the forward loop. This buffer circuit has an open
loop gain of about 65 db; internal negative feedback brings the

closed loop gain down to a factor of about 11. Since Al is
capable of 10 volts output, the 100mA buffer can provide as much
as 110 volts output, as far as gain 1is concerned. The actual

output voltage available depends on the power supply voltages
used. The power supply voltage is +48 and -48 wvolts, and the
output voltage can range from O to +44 volts.

The 100mA buffer circuit is current limited and short-circuit
proof. Two current ranges are provided. A 160mA 1limit dis in
effect on the 100mA sensing range, when the relays K201 and K202
are closed. When these relays are open (i.e., on the 10mA,
100uA, and 1luA ranges), a 16mA limit is held. The purpose of
this current limiting to 16mA is to protect the current sampling
resistor R1l5 from excessive power dissipation, during voltage
forcing operations when +the 1OmA current measuring range 1is
selected. The current limiting is controlled by CR204, R208, and
R209 on the positive side, and by CR205, R217, and R220 on the
negative side.

A 6db/octave frequency response is incorporated to assure that
the buffer is wunconditionally stable. The dominant pole is
controlled by the RC time constant of C203 and R213, and provides
a corner frequency of about 2 kHz.

The 100mA buffer has a very high slew rate, greater than that of
Al. This is necessary because the voltage swing at the 100mA
buffer output is 11 times as much as that at the output of Al.
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MOS Switches

The use of solid state MOS switches for S1 and S2, rather than
relays, offers several advantages. Speed of operation is
greater, so that voltage and current range changes can be made in
less time. Also, the reliability is better.

Each of the switches S1 and S2 must be capable of switching the
maximum analog signal voltages which may at any time be present
at 1its terminals. Thus, to find the required switch rating, we
need to examine the signals at test points TP9, TP10, TP11l, TP13,
and TP14. Each of these test points has a voltage range of +5
volts full scale when actually used in the forcing 1loop or
measuring circuit. However, voltages considerably in excess of 5
volts (in some cases as much as 20 volts ) would appear at some
of these test points under certain selections of forcing and/or
measuring ranges, if no action were taken to prevent this. For
this reason zener diode pairs CR15/16, CR13/14, CR19/20, CR9/10,
and CR11/12 are used to limit these voltages to about 5.8 volts.
This gives no interference with normal operation, but does
protect the MOS switches. The particular switches chosen are
DG503 (Fairchild Part No. 26904802), which have a +10 volt analog
signal rating.

The DG503 1is a single pole, 8-position switch with a built-in 3
bit decoder. The necessary input is provided for S1 by bits 11,
12, and 13 of the PPS register, and for S2 by bits 11, 12, and 13
of the PSL register. However, the logic levels needed to drive
these switches are low level (less than 0.6 volts) and high level
(greater than 8.5 volts). Since these are not the standard
tester 1logic 1levels, special measures must be taken to convert
them. This is accomplished by the 7406 hex inverter G6, with
open collector output, and a +10 volt pullup provided by Ql,
CR31, R10, and R11.

DAC 1 and DAC 2 (Forcing and Measuring DAC’s)

Cycom CY2235 digital-to-analog converters are used for DAC 1 and
DAC 2. These are 12 bit DAC's, which are used to provide 10
significant bits plus sign. The DAC's are manufactured to use
offset binary inputs, whereas the information in the PPS and DCT
registers 1is 1in two's complement coding. Therefore, inverters
are used at certain of the DAC 1 and DAC 2 inputs to effect the
conversion. The DAC 1 output has a negative sign relative to the
PMU output, while the DAC 2 output is positive in that respect.
This explains the fact that 10 inverters are needed (for the 10
significant bits) at the DAC 1 input, while for DAC 2 only 1
inverter (for the polarity bit) is required. Note also that the
least significant bit (bit 16) is tied high for DAC 1 and low for

3-54
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DAC 2. In DAC1l the LSB is tied to +5V, providing an LSB offset
to compensate for the difference between the offset binary and
two's complement coding.

The DAC's have their own internal reference voltage, a settling
time of 20 usec to half LSB value, and a gain accuracy within
0.1%.

Ground Buffer

It is important +that the reference common (RC) between boards
(and particularly between the system ground and the PMU board)
carry no significant amount of current, if it is to serve as a
reliable 0 volt standard. DAC 1 and DAC 2, however, deliver up
to 70mA each to their ground. For this reason, the ground buffer
circuit is included, to provide a current return path and isolate
the ground current from the RC, while maintaining a high
impedance to the RC line itself.

This Dbuffer circuit consists of a general purpose op amp (A8) in
a voltage follower connection, with a high current capability
discrete current buffer (Q2, Q3, Q4) in the output. The voltage
gain is equal to unity with an output current capability of
200mA. :

Because of this ground buffer, the DAC analog ground always
maintains the same potential as RC, regardless of the bit
configuration at the DAC inputs. This assures accuracy of the
PMU forcing and measuring functions.

Current Range Relays

Since the PMU output voltages can be as high as +40 volts,
mercury film relays are used in the current range relay circuits
K1 - K5. The mercury film relays used in this circuit provide a
mean time to first failure of about 250 million operations.
Moreover, these relays have a very clean closure characteristic,
free from relay contact bounce and contact noise. Thermal noise
across the contact junction is also much less than with reed
relays.

This type of relay is driven by a pulse with 3 milliseconds
minimum pulse width (supplied by a one-shot on the PMU control
board). The relay itself contains two coils and a ring shaped
ferrite magnet. A pulse applied to the set coil transfers the
moving contact, which then latches in position, without the need
for a holding current. A pulse applied to the reset coil returns
the moving contact to its original position.

3-55
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Relays K1, K2, and K3 switch, in a mutually exclusive manner (for
example, when K1 is closed K2, K3 are open), the current range
resistors for the 100uA, 10mA, and 100mA scales, respectively.
Relays K4 and K5 also switch at the same time as K3. The purpose
of K4 is to bypass the contact resistance of K3, allowing a more
accurate current forcing and measuring on the 100mA range. For
the same reason, relay K5 is used to bypass the resistance of the
force and sense lines to the DUT.

Analog #2A Board (Refer to schematic 97341604-04)
40 Volt Follower

This circuit is shown extending from the PMU sense line to the
point marked Vo', The purpose of this circuit is to. provide a
unity gain amplifier with voltage follower configuration in the
PMU sensing line, by using an op amp with a very high input
impedance. This enables an accurate measurement of the voltage
on the PMU sense line coming from the DUT, free from errors
introduced by the loading effects which would be present if the
sensing circuitry drew any significant amount of input current.
This is particularly important when the PMU is used in the
voltage forcing/current measuring mode. The high input impedance
in this case assures that the measured current through R3 (Figure
2) is equal to the current into the DUT.

Another purpose of this circuit is to provide a low impedance
source to drive the shield on the PMU force/sense 1lines. = This
assures that the PMU shield has the same potential as the PMU
force/sense lines, and thus reduces the effect of capacitive
loading.

Figure 3-16 below, shows a simplified equivalent circuit for this
40 follower.

The FET input operational amplifier A1026 is used with a floating
power supply composed of two 15 volt zener diodes. The output is
taken from the zener center tap, connected as a voltage follower.
Under these conditions, the input impedance is the product of the
A1026 input impedance and the 40V follower open 1loop gain
(approximately 1015 ohms). 1In practice, however, the common-mode
impedance _gf the A1026 itself, about 1012 ohms, is predominant,
so that 1012 ohms is the effective loading on the PMU sense 1line
itself.
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Voltage Clamp Circuit

The basic voltage clamp operation is described in the analog
circuit operation section above. This section discusses the
function of some of the major components.

R212 is used in connection with the zener diodes CR201 and CR202,
to assure that enough current is drawn through the zeners to give
a square characteristic. R212 also provides a path for the
leakage current of CR201 and CR202, to maintain the accuracy of
the programmed voltage when the programmed value is near the
clamped value. The relatively low resistance of R212
necessitates further decoupling of +this load from the summing
junction of Al, in order to maintain accuracy. For this reason,
the diodes CR203 and CR204 are included. The forward bias
voltage of these diodes is about 0.3 volts. Thus when the clamp
voltage 1is not exceeded, the diodes are both reverse biased and
present essentially an open circuit. When the clamp voltage is
exceeded, that is, when the programmed voltage exceeds the clamp
voltage, then the output of A201-B will exceed about +6 volts
(greater than +6 or less than -6 volts). The zeners will then
conduct, and current will flow through R212. When the voltage
drop across R212 exceeds +0.3 volts, current will flow through
CR203 or CR204.

For a positive clamp, CR203 conducts, CR201 is zenered, and CR202
is forward biased, while for a negative clamp, CR204 conducts,
CR201 is forward biased, and CR202 is zenered.

Capacitor C205 increases the stability (preventing oscillation)
at low values of current through the zeners. This occurs when
the programmed voltage and the clamp voltage are approximately
equal.

Capacitor C202 prevents oscillation of A201-B. It is selected as
small as possible while still stopping oscillation. In this way
the high speed of the clamp feedback circuit is maintained.

Capacitor C201 also speeds up the operation of the clamp feedback
circuit, thus preventing a spike into the DUT when the programmed
output voltage exceeds the clamp value.

Miscellaneous Relays

Six reed relays are used on this board, driven by the three (944)
dual four-input NAND gates QA2, QA3, and QA4. The respective
functions of these relays are described below.
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K13 1is the voltage clamp enable. It is controlled by bit 4
(VLT5) of the PSL register (described under Control Circuits
above). When bit 4=1, relay K13 1is closed, connecting the

voltage clamp circuit (through diodes CR203 & CR204 and resistor
R214) into the feedback loop at the summing junction of Al (PMU
Analog #l1A board).

K11 and K10 implement the positive, negative and symmetrical
clamp options (see Analog Circuits above). These relays are
controlled by bits 6 and 7 of the PSL register. When positive
clamp is programmed, K10 is closed, K11 open; when negative clamp
is programmed, K11 is <closed, K10 open. Symmetrical clamp
corresponds to both K11 and K10 open.

K9 connects resistor R30 as a load for the PMU, when the PMU is
not connected to any DUT pin or when the system is 1in reset
condition. K9 is closed when the PMU is in current forcing mode,
and open when the PMU is in voltage forcing mode, such that there
is no load when voltage is forced. PR30 has a very low value (10
ohms), and its purpose is to prevent voltage saturation of the
PMU output, in case of programming errors.

K12 is closed when +the PMU 1is wused for internal node
measurements. It is controlled by bit 7 of the PA register, such
that when Dbit 7=1, relay K12 is closed. This connects the PMU
sense circuitry to '"MPMUSNSE", which is in +turn switched to
various internal nodes under the control of PA register bits 0-6.

PMU Control Board (Refer to schematic 97230104-04)
PPS Register

This register has 14 bits (named PPSLDO-9, PPSPOL, PPSRNGO,
PPSRNG1, and PPSV/I), which are held in the 9308 dual four-bit
latches E5 and A5. The PPSLD3 bit, as an example, is "written"
into the PPS register from the long register data buss, or '"read"
out of the PPS register onto the long register data buss, in the
following manner.

In the write operation, the data for PPS bit 3 first appears as
LRDO3/ on the long register data buss. After being inverted by
the 9016 inverter D2-2, it appears at pin 4 of E5, the input of
the latch for bit 3. When pins 2 and 3 of E5 are both low, this
data is transferred to the output, and appears as PPSLD3 at pin 5
of E5. This occurs when PPSA is high, and WRITE/ and CPS/ are
both low, to enable the read operation.

The read operation occurs as a transfer of the PPSLD3 data from
pin 6 to pin 1 of the MSI 9309 dual four-input multiplexer F3.



e ———
FAIRCHILD

SYSTEMS TECHNOLOGY

This occurs when SO is low and S1 is high--i.e., when PSLA is low
and PPSA is high. The data is then inverted by F2-6 and passed
onto the long register data buss as LRDO3/, provided that F2-2 is
high--i.e., READ/ is low (note that F2-1 is automatically high
since PPSA is high), to enable the read operation.

DCT Register

This register has 15 bits (named DCTO0-9, DCTPOL, PSLRNGO,
PSLRNG1l, DCTG/LT, and DC STROBE/DC FAIL). DCTO0~9, DCTPOL, - and
DCTG/LT are held in the 9308 latches F5-A, B5-B, and D5-B (the
suffix A refers to pins 1-11 of the 9308, while B refers to pins
13-23). Bits 11 and 12 (RNGO and RNGl) of the DCT register have
no provision for a write operating, since they are identical with
those of the PSL register. Thus separate latches need not be
used. Proper response to the DCT register "read instruction is
insured by the connection of pins 4 and 5 of F4, and pins 11 and
12 of A4. Bit 14 serves a dual function of DC STROBE when
written and DC FAIL when read. This will be discussed in more
detail later in this section.

The DCT2 write and read operations between the long register data
buss and the DCT register can be traced as follows: In the write
operation, the data for DCT bit 2 first appears as LRD0O2/ on the
long register data buss. After being inverted by D2-4, it
appears at pin 6 of F5, the input of the latch for bit 2. When
pins 2 and 3 of F5 are both low, this data is transferred to the
output, and appears as DCT 2 at pin 7 of F5. This occurs when
LRD14/ and DCTA are both high, and WRITE/ and CPS/ are both low.

The read operation occurs as a transfer of the DCT2 data from pin
12 to pin 15 of F3. This occurs when SO and S1 are both low--
i.e., when PSLA and PPSA are both low. The data is then inverted
by F2-8 and passed onto the long register data buss as LRDO2/,
provided that F2-12 is high (READ/ is low) and that F2-13 is high
(DCTA is high).

Bit 14 serves a number of functions. During a write operation
(WRITE/ and CPS/ low), when DCTA is high, LRD14/ in the high
state gates data into the 9308 latches in the DCT register. When
LRD14/ goes low (DCTA still high), C2-2 goes high and D3-12 goes
low, which brings C3-11 high and produces the DC STROBE. This
gates PASS/FAIL data from D1-6 into the DC FAIL flip-flop. DC
STROBE 1is also produced when Al1-9 and Al1-10 are both high--i.e.,
when READ/ is low and DCTA is high.

The output of the DC FAIL flip-flop is inverted by A3-6 and gated
onto the long register data buss as LRD14/, when READ/ is low and
DCTA is high. This explains why bit 14 of the DCT register is
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said to be the DC FAIL signal when read, and DC STROBE when
written.

PSL Register

This register has 14 bits (named VLT1-5, VLT40V, POSCLP, NEGCLP,
SPARE 1, SPARE 2, PSLRGN, PSLRNGO, PSLRNGl, and PSLV/I). The
function of each bit is explained in the "Operation'" section
above. The first 8 bits (0-7, through NEGCLP) are held in the
9308 1latches F5-B and B5-A. Bit 8, SPARE 1 (TA4), tied to
ground, is read only. Bit 9, SPARE 2, though presently not used,
is held in D5-A. RANGE ENABLE (PSLRGN), PSLRNGO, and PSLRNGl are
also held in D5-A. PSLRGN, bit 10, is write only, but the PSL
read operation brings out TA4 onto LRD10, which is therefore
always read low. Bits 11 and 12 are PSLRNGO and PSLRNG1,
respectively. Bit 13, PSL V/I, does not have a separate latch,
but is taken from bit 13 of the PPS register and inverted by Cl1-6
(i.e.--PSL bit 13 is the complement of PPS bit 13). Thus bit 13
in the PSL register is not affected during PSL write operations.

The VLTS5 bit (PSL bit 4) write and read orerations between the
long register data buss and the PSL register can be traced as
follows: 1In the write operation, the data for VLTS first appears
as LRDO4/ on the long register data buss. After being inverted
by C€$62-10, it appears at pin 6 of B5, the input of the latch for
bit 4. When pin 2 and 3 of B5 are both 1low, this data is
transferred to the output, and appears as VLTS5 at pin 7 of BS.
This occurs when PSLA is high, and WRITE/ and CPS/ are both 1low.

The read operation occurs as a transfer of the VLTS5 data from pin
11 to pin 15 of B3. This occurs when S1 is low and SO is high--
i.e., when PPSA is 1low and PSLA is high. The data is then
inverted by B2-8 and passed onto the long register data buss as
LRDO4/, provided that B2-12 1is high--i.e., that READ/ is low
(note that B2-13 is automatically high since PSLA is high).

Current Range Relay Drivers

The functions of the current range relays are described above
under Analog #1 board. Signals for switching these relays are
generated on the PMU Control board by the circuitry shown on page
2 of the PMU Control schematic. The logic shown is mainly for
the purpose of decoding bits 11, 12, and 13 of the PPS register
(PPSRNGO, PPSRNGl, and PPSV/I), and bits 11, 12, and 13 of the
PSL register (PSLRNGO, PSLRNGl, and PSL V/I).

When PPSV/I is high, PSLV/I is automatically low, and the PMU
operates in voltage forcing/current measuring mode. The current
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range information from PSLRNGO and PSLRNGl is then gated through
C6-6 (range 3) to set flip-flop C7-B to operate relays K3, K4,
and K5; through D6-6 (range 2) to set C7-A to close relay K2;
through C6-8 (range 1) to set E7-B to close relay K1; or (in the
case of range 0), no relays are closed.

Similarly, when PPSV/I is low, PSL V/I is automatically high, and
the PMU operates in current forcing/voltage measuring mode. In
this case the current range information from PPSRNGO and PPSRNG1l
is decoded and used to close relays K1-5 accordingly.

The coincidence gates D-7 and F-7 are connected to the flip-flops
in such a way as to detect when a relay change occurs, 1in which
case one of the 3 points F7-6, D7-8, or D7-6 will make a high-
low-high transistion. This causes B7-6 to go low-high-low, and
starts the one-shot A7, which generates a pulse of 4.2
milliseconds (typical) width. While the one-shot is on, A7-8 is
high and A7-6 is 1low. This brings A3-8 low, and generates a
tester busy signal TBSY/. B7-8 is brought high, which enables
the entire set of relay drivers for 4.2 msec, thereby generating
the 4.2 msec pulses into the relays--set or reset according to
the outputs of the flip-flops E7 and C7.

Also shown on this page is the comparator interface logic. The
A/D COMP signal comes from the comparator on the Analog #1A
board, while the DCTG/LT is from bit 13 of the DCT register. The
circuit composed of D4-2, F6-2, A6-6, A6-8, and A6-3 1is an
exclusive OR function, which generates a PASS signal according to
the truth table shown. This PASS signal then goes to pin D1-5
(page 1), and is wused in conjunction with the DCSTROBE to
generate the DC FAIL data for DCT bit 14.
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