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Introduction

This document provides user information necessary for proper use of the
Z-BOX, such as input and output signal specifications and control of the
Z-BOX via the serial data port.

The Z-BOX generates the two electrode voltages (+Z and -Z) for a piezo-
electric crystal for moving the tip of a scanning tunneling microscope, STM.
Several externally supplied analog signals and a digital control word received
over a serial data link control the generation of the voltages. Fig. 1 shows
a simplified diagram of the Z-BOX components and their interconnections.
Fig. 2 shows the format of the 30 bit digital control word.

Two CPLD’s (not shown) are used to implement the serial interface that
interprets the digital control word and to perform the integration function.
Three LCD displays (also not shown) display the input from the preamp and
the +Z and -Z output voltages.

The +Z Signal

The +Z voltage is formed by summing the voltage from a 16 bit DAC, driven
by 16 bits of the digital control word, and an externally supplied analog input
voltage called PLUS Z. The PLUS Z input passes through a low-pass filter
having a front panel selectable time constant of 50µsecs to 100 msecs before
being summed with the output from the DAC, DAC #1 in Fig. 1.

Three other bits of the control word, B1, B2, and B3, set the gain of the
PLUS Z signal, +Z Gain Control in Fig. 1, so as to limit the range of the
+Z output from HV Amplifier #2 to the values shown in Fig. 2. However,
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this gain control only affects the PLUS Z input; DAC #2 can in theory still
set +Z out to as much as ±500V. Note, though, that the power supplies to
HV Amplifier #2 limit the actual +Z output to a range of +450V to -50V.

The -Z signal

The -Z voltage is used as a closed loop feedback signal to maintain a certain
value of probe tip current, which also means a certain value of tip spacing
from the sample. The -Z signal is derived from the output of an Ithaco cur-
rent meter that measures the STM tip current. However, the tip current
is an exponential function of tip spacing, whereas the tip spacing is a lin-
ear function of -Z, so the tip current must first be linearized by taking its
logarithm to keep the loop gain independent of tip spacing. Note in Fig.2
that there is a polarity switch, IN, in the digital control word, to make sure
that the input to the logarithm circuit is always positive, since logarithms of
negative signals aren’t allowed.

The difference between the logarithm of the tip current and a second ana-
log input signal, SET CURRENT, is integrated to generate the -Z feedback
signal. The SET CURRENT signal passes through a low pass filter identical
to that used for the PLUS Z input. The integrator consists of a bipolar V/F
converter followed by an UP/DOWN counter, as shown in Fig. 1. Since the
integrator is implemented as a counter, the count value (integral) must first
be converted to an analog signal using DAC #1 and then passed through
Low-Pass Filter #3 to reduce digital noise before going to the -Z Gain Con-
trol circuit. The -Z output range from HV Amplifier #1 can be adjusted
between ±50V and ±400V using two bits, R1 and R2, of the digital control
word as shown in Fig. 2.

Stability of the feedback loop is controlled by four bits of the digital
control word, A1–A4, that adjust the gain of the integrator.

In addition to generating the +Z and -Z output signals, the Z-BOX also
outputs the difference voltage ∆Z between +Z and -Z as a correction signal
for use by the X/Y-BOX.
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Input and Output Signals

Below are listed the various input and output signals of the Z-BOX along
with their ranges and uses.

1. Ithaco input. This is a differential ±11V signal from an Ithaco model
1211 current preamplifier measuring the STM tip current. The Ithaco
has a manually selectable current range of 10−3 to 10−11 A/V, allowing
the Z-BOX to control the STM over a wide range of tip currents. Since
the polarity of the tip current is a function of the polarity of the tip
bias, but the control loop requires a positive input for proper operation,
it may be necessary to invert the input signal by setting the invert bit
of the digital control word.

2. Ithaco output. This is the Ithaco input signal as seen at the output
of the differential input amplifier in the Z-BOX. This signal is also
displayed on the front panel using a 4 digit LCD display. It is output
via a BNC connector.

3. CURRENT input. This is a differential ±10V input signal received via
a dual BNC connector. It sets the level of the tip current (or more
precisely the tip spacing) when the Z-BOX is in its closed loop mode.
Associated with this input is an 11 position manually selectable low-
pass filter having time constants from 50µs to 100ms. The filter serves
to reduce any noise that might be present on the input signal. Normally,
the filter is set to the shortest time constant that gives adequate noise
reduction.

4. PLUS Z input. This is another differential ±10V input signal using a
dual BNC connector and having a noise filter identical to that used with
the CURRENT input signal. This signal constitutes one component of
the +Z output voltage with its magnitude scalable as shown in Fig. 2.

5. ∆Z output. The difference between the +Z and -Z output voltages is
provided as a ∆Z output signal having a range of ±10V corresponding
to a difference of ±200V. This signal is intended to be used by the X/Y-
BOX for slope correction. The digital component of the +Z output is
not included in this difference signal.
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6. -Z output. The -Z output is a ±400V signal for driving the negative
input of the tip-positioning piezoelectric crystal. It is output via a BNC
connector with the voltage displayed on a three digit LCD front panel
display.

7. +Z output. The +Z output has a range of -50V to +450V. It drives
the positive input of the tip-positioning crystal. The voltage is shown
on a three digit LCD display mounted on the front panel.

8. Monitor output. The monitor output is the -Z output voltage scaled
by factors of 0.025, 0.05, 0.2 or 1.0 as selected by the monitor gain bits
C1 and C2 in the control word. This output uses a BNC connector.

9. D-SUB9 Serial Port. This connector provides the serial port connec-
tions to a PC for receiving the Z-BOX control word. This is a unique
serial interface using isolated TTL signals; it is not an RS-232 interface.
The pin assignments for the interface are as follows:

Pin Number Signal
2 CLOCK
3 DATA (to Z-BOX)
4 +5V
5 LATCH
6 DATA (from Z-BOX)
7 AD1
8 AD2
9 GROUND

AD1 and AD2 are two address bits used to select one of four devices
connected to the interface. For the Z-BOX, AD1 should be low and
AD2 should be high.

Data is sent serially to the Z-BOX via pin 3, each bit being clocked
into a shift register in the interface by pulsing pin 2 high. After the
required 28 data bits have been clocked, pin 5 is pulsed high to transfer
the contents of the shift register to the final control register.

The digital value of the -Z voltage may also be read serially from the
Z-BOX via pin 6 if the latch signal, pin 5 is held high. In this case a
new data bit is shifted to pin 6 each time pin 2 is pulsed high.
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1 Sending Data to the Z-BOX

The sequence for sending a data word to the Z-BOX is:

1. Select the Z-BOX by setting AD1 low and AD2 high.

2. Output the first data bit to pin 3 of the serial port connector.

3. Pulse CLOCK high (one pulse only).

4. Output the next data bit.

5. Pulse CLOCK.

6. Repeat steps 3 and 4 until all 28 data bits have been output.

7. Pulse LATCH high to cause the serial data bits to be parallel-latched
into the actual control register of the Z-BOX. Only when LATCH is
pulsed high, does the serial data word has become effective in control-
ling the Z-BOX.

Fig.2 defines the 30 bits of the data word.

Reading Integrator data

Using the same serial port, the most significant 20 bits of the integrator data
may be read via pin 6 of the serial port connector. The procedure is:

1. Select the Z-BOX (if not already selected) by setting AD1 low and AD2
high.

2. Set LATCH high. This prevents further updating of a shift register
that holds the integrator data. When LATCH is low, this register is
updated 625,000 times per second from the integrator.

3. Read the data bit from pin 6. This is the MSB of the 20 bit data word.

4. Pulse CLOCK high (one pulse only). This causes the next data bit to
appear at pin 6.

5. Read the data bit.
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6. Repeat steps 3 and 4 until all 20 data bits have been read.

7. Set LATCH low again. (If LATCH is left high, serial input of new data
words is disabled.)

Current Input Versus Ithaco Output

When the Z-BOX is operating in a closed control loop, the CURRENT input
voltage is related to the voltage from the Ithaco by the expression:

VCURRENT = 4.3429 lnVIthaco

or
VIthaco = ǫ

VCURRENT

4.3429

.
Thus, for an Ithaco output of 10 volts, the CURRENT signal would be

10 volts, but for an Ithaco output of 0.1 volts, the CURRENT signal would
be -10 volts. Since this is the full range of the CURRENT signal, then the
Ithaco output must lie in the range of 0.1 to 10 volts for closed loop tip
control.

∆ Z Output

The ∆ Z connector on the front panel outputs the difference voltage between
the -Z and +Z outputs, less the +Z output voltage from the DAC.

Integrator Gain

The integrator gain parameter has a range of 0 to 15, but since this is used
as a binary exponent, the actual gain range is 215 = 32, 768. Using K as the
gain parameter, the gain espression is:

G = G02
15−K

Normally K would be set as low as possible without resulting in oscillation
in order to get the fastest response time. When using the exponential test
box, K should be at least 2 or oscillation will occur. With the actual STM, K
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may need to be even higher because of bandwidth limitations in the Ithaco
or because of mechanical resonances. On the other hand, if the tunneling
current expression has an exponential factor less than the nominal 10, it
may be possible to use a K of 0 or 1.

Integrator Control Bits

Bits CL, RN and IN control the operation of the integrator. IN is an invert
bit that should only be set if the input signal from the Ithaco is negative. It
should not be set when using the exponential test box.

RN controls integration. When this bit is set, the integrator operates
normally, but when reset the integrator holds its current value.

CL is a clear bit that zeros the integrator when set. This bit must be
cleared for integration to occur. The normal procedure for using this clear bit
would be to first clear the RN bit (stopping the integration) and to then set
and then reset the CL bit. Integration will resume (with a zeroed integrator
value) when RN is set again.

Control Word Generator

To facilitate checkout of the Z-BOX when a PC is not available, a stand-alone
control word generator has been developed using a Nexsys 2 FPGA board.
This board, manufactured by Digilent,Inc., contains a Spartan 3E FPGA
that has been programmed to act as a control word generator. Document
z control.pdf describes how to use the Nexsys 2 board to generate the serial
control words used by the Z-BOX. The VHDL code for the Nexsys 2 board
is contained in the ISE9.2i project file control z 8 21 08.zip. The bit pattern
stored in the Nexsys FPGA is called control z.mcs.

Miscellaneous

The schematics for the Z-BOX are available in the file stm z main schematic.pdf.
The VHDL code that specifies the operation of U31, the CPLD that

does the interpretation of the serial control word, is available in the ISE9.2i
project file zbox U31.zip. The bit pattern that is stored in the CPLD is
called serial.jed.
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The VHDL code that specifies the operation of U10, the CPLD that per-
forms the digital integration, is available in the ISE9.2i project file zbox U10.zip.
The bit pattern stored in the CPLD is called misc.jed.

A file called checkout.pdf describes the procedure for checking proper
operation of the Z-BOX using the exponential test module.
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