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ABSTRACT

The Tektronix™ solid ink ink jet color printer dealt with in this project is designed for the
office environment. The cost of the print head drive board, which supplies the high
voltage print waveforms to the print head, was reduced by replacing the custom high
voltage driver chips with standard NEC™ high voltage drivers, NEC™ uPD16306. Each
NEC™ chip has twice the number of high voltage outputs of the original chips, thus only
half the number of high voltage driver chips are required on the new board. In order to
use the new board as a drop in replacement for the old board a PAL based control logic
interface was designed. Level shifting circuits were designed in order to use the NEC™
chips with the high voltage print waveforms. At the time of this paper, the new print
head drive board is being evaluated at Tektronix™ for robustness and cost savings.
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Overview

1.1 Introduction

The Tektronix solid ink ink jet printer dealt with in this project is designed for the
office environment. Since the printer began production in 1995, most of the major
manufacturing problems have been solved, and the emphasis of manufacturing
engineering has switched from problem solving to cost reduction. The cost
reduction effort was the main driving force behind this project.

The print head on the printer uses several hundred ink jets to distribute four colors
(black, yellow, cyan, and magenta) onto the printed page. Driven by individual
piezo-electric pumps, these jets must be connected to a very specific voltage
waveform, which is generated by the power electronics of the printer and supplied to
the print head drive board. This waveform determines how much ink is deposited
with each firing of the ink jet. All jets being fired are connected to the print
waveform while the unused jets remain at zero volts.

The current head drive board uses ASICs custom made by Motorola™ for
Tektronix™ to control each of the ink jets. Each of these ASICs is capable of
driving 33 ink jets, hence each head drive board requires the use of about ten of these
chips.

The cost reduction project involved replacing these custom ASICs with a
standardized chip currently produced by NEC™. This part, NEC™ uPD16306, has
64 high-voltage outputs thus only half chips are required per board. The per-chip
price of this part is approximately equal to that of the Motorola™ part, but only half
the number of parts are required. Since the high voltage driver chips comprise a
major portion of the cost of the head drive board, the new head drive board will be

considerably less expensive.



1.2 Background of Printer Control Electronics

A block diagram showing the organization of the printer as it pertains to the head

drive board is shown in figure 1.1.

Head
. Power Control Drive
Main Board Board Board
Waveforms e
Control
Figure 1.1

The DMC (Digital Motion Controller) is responsible for generating the print
voltage waveform and providing the control signals for the head drive board. The
MCA (Memory Control ASIC) supplies the actual print data to the head drive board
where the data is routed through the HDAs (Head Drive ASICs). The HDAs directly
drive the individual ink jets on the print head.

As mentioned, each ink jet must be driven by a very specific voltage signal in
order to achieve the correct drop mass and velocity. The microprocessor uses
information about the waveform and generates a digital version. The DMC then
takes this information and sends it to an analog filter where the waveform is
reconstructed. This waveform is amplified and sent to the head drive board. The
high voltage waveform is repeated for each firing of the ink jets. A typical print

waveform is shown in figure 1.2.



Typical Ink Jet Drive Waveform
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Figure 1.2

This waveform is divided into two independent signals. V,,,, the positive pulse,
and Vg, the negative pulse, are generated and amplified independently. When

viewed separately, the waveforms appear as shown in figure 1.3.

Ink Jet Drive Waveform
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Figure 1.3

The original Head Drive ASIC (HDA) receives logic level (0 to 5.0 V)inputs to
control the high voltage (0 to + or - 60 V) PZT drive outputs. The function of the
HDA is to switch its outputs between the three states of Vg, V,,, and open (high
impedance) at the appropriate times. The HDA receives data serially and outputs it
in parallel to all 33 high voltage outputs.

The NEC™ uPD16306 is similar to the HDA with several important differences.
This CMOS device is controlled by three logic level inputs to control the high
voltage outputs. Where the HDA is capable of switching between V, V,,, and

open, the NEC™ part can only switch its outputs between its high voltage source



and ground. As with the HDA, data is received serially and output in parallel to its
high voltage outputs. However, each chip has 64 high voltage outputs to the 32
outputs of the HDA.

1.3 Difficulties and Main Areas of Design

There are two main issues that had to be addressed in order to adapt the head drive
board to the uPD16306. First, the control signals for the HDA and the uPD16306
are different. In order to make a print head board that can be used as a drop in
replacement for the current print head board, it was necessary to design an on-board
interface that takes the control signals for the HDA as inputs and outputs the
corresponding control signals for the uPD16306. Additionally, data shifting is run
differently for each of the chips. The shift register in the HDA shifts at the positive
edge of the clock signal and only when the SHIFT control line is high. The shift
register in the uPD16306 shifts on every negative clock edge. Thus the uPD16306°s
shift register will shift data at times when the shift register in the HDA would not.
Therefore the data should be latched as soon as it is in position. The selected
solution to these problems was to use a PAL as an interface to translate the signals.
The second design issue was due to the lack of two high voltage inputs on the
uPD16306. When printing it is necessary to connect the jets being fired to the V,,
waveform for the first half of the print cycle and then the V waveform for the
second half. During the first half, when the V,, waveform pulses positive, ink is
sucked into the jet from the ink reservoir. As the V,,, waveform returns to zero volts,
the ink is pushed out of the jet. Then the jet is connected to the Vi waveform which
pulses negative at this time to push more ink out of the jet and on to the paper. The
uPD16306’s output voltage range is 0 to 80 volts with respect to ground. Since the
outputs can only be switched between one positive high voltage output and ground,
it is necessary to connect the V,, waveform to the high voltage input and V to the
ground input. During the print cycle, when the V,, waveform pulses, the Vi
waveform is at zero volts. The jets being driven are connect to V,, during this
period while the unused jets are connected to V. After the V, pulse is complete, it

remains at zero volts and the V signal pulses negative. At this point the jets being
8



driven are connected to the V¢ waveform and the non-firing jets are connected to
Vpp- This sequence results in the jets used during that print cycle being connected to
the print voltage waveform and the unused jets remaining at zero volts throughout
the print cycle. Because the voltage at the ground pin on the uPD16306 is always
equal to or below that at the V ,, pin, the chip will function correctly. The difficulty
with this idea lies with the CMOS level inputs. The digital voltage supply and the
control signals cannot be more than six volts above the voltage at the ground pin.
When V pulses negative, the digital voltage supply and the control signals must
follow this waveform negative in order to avoid burning out the chip by having more
than six volts across the digital inputs. In order to accomplish this, V4 and the
control signals arelevel-shifted to ride above the Vi waveform. Vg g, the level
shifted version of Vg, is connected to the digital voltage supply pin of all of the
CMOS chips that have their ground pins connected to V. The shifted V4

waveform, V4 ¢, appears as shown in figure 1.5.

Vdd_s and Ink Jet Drive Waveforms
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Figure 1.5

In addition to these two main design issues, a simple test fixture was designed to

facilitate testing the head drive board’s functionality.



Interface PAL

2.1 HDA

The HDA is controlled with four control signals (shift, cnten, polarity, select) and a
clock. SHIFT is a positive true shift enable for the 33 bit long data shift register.
Shifting starts one clock pulse after asserting SHIFT and stops one clock pulse after
de-asserting SHIFT. One of the data or calibration latches may be loaded one clock
after the de-assertion of SHIFT based on the levels of the three other control lines at
the time that Shift is de-asserted. Table 2.1 shows the truth table for the HDA’s

control logic.

CNTEN SELECT POLARITY  LATCH LOADED

0 0 X Data
0 1 X None
1 0 0 Calibration Bit 0
1 0 1 Calibration Bit 1
1 1 0 Calibration Bit 2
1 1 1 Calibration Bit 3

Table 2.1

CNTEN, POLARITY, and SELECT along with the data latched at each output,
V,,or

control the high voltage outputs. Each output can be connected to either V, V,

ground. The truth table follows for the high voltage outputs is shown in table 1.2.
“Open” after an output state indicates that it will be open after the calibration counter
reaches the value stored in the calibration latch for that output. The rising edge
triggered clock input is used for shifting serial data, incrementing the calibration

counter, and synchronizing the other control input pins.
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CNTEN SELECT POLARITY DATA OUTPUT

LATCH
0 0 0 X Vss
0 0 1 X Vpp
0 1 0 0 Vss
0 1 0 1 Vpp
0 1 1 0 Vpp
0 1 1 1 Vss
1 0 0 0 Vss(open)
1 0 0 1 Vpp
1 0 1 0 Vpp(open)
1 0 1 1 Vss
1 1 0 0 Vss
1 1 0 1 Vpp(open)
1 1 1 0 Vpp
1 1 1 1 Vss(open)
Table 2.2

2.2 UPD16306

The uPD16306 is controlled with three control signals (/PC, /STB, BLK) and a
clock. Data is shifted in on the falling edge of the clock signal. The three control
lines are not registered at the inputs. Table 2.3 shows the truth table for the control

logic of the uPD16306.

DATA /STB BLK /PC OUTPUT
X X 1 1 All High
X X 1 0 All Low
1 0 0 1 High
1 0 0 0 Low
0 0 0 1 Low
0 0 0 0 High
X 1 0 1 Latch's Data Output
X 1 0 0 Latch's Data Output (inv)

Table 1.3

11



2.3 Interface PAL Implementation

The interface PAL must accept the control signals intended for the HDA and
translate them in order to correctly drive the uPD16306. Since the HDA shifts on the
rising edge of the clock and the uPD16306 works on the falling edge of the clock.
The control lines can be latched into the PAL on the rising edge of the shift clock
and propagate through quickly enough to meet the setup times for the uPD16306.
The control signals coming onto the board are latched into the PAL at the rising edge
of the clock. Then there is a propagation delay before the output signals reach the
uPD16306. If the uPD16306s are clocked with the same signal that clocks the PAL,
then the set-up and hold times of the control signals to the inputs of the uPD16306
will not be symmetrical. The set-up times will be much smaller than the hold times.
In order to alleviate this problem, the clock signal is routed through the PAL before
it reaches the uPD16306. This delays the clock and makes the set-up and hold times
more symmetrical. Since all of the inputs to the uPD16306 pass through the
interface PAL, the speed of the PAL is not important. The PAL selected for the
design, AMD™ PALCE16v8Q-15, was the best value based on the part’s cost,
power usage, and speed. This device costs less than one dollar each, uses 55mA
when the clock is pulsed at 55 mA, and has a propagation delay of 15ns. The
available parts with lower power usage and a slower propagation delay were
considerably more expensive.

There are two main sections to the interface PAL. A state machine controls the
shift register and combinational logic determines the high voltage output state. After
the last data bit is shifted in the shift registers of the uPD16306s it needs to be
latched into the outputs before the next clock cycle. Otherwise the data will be
shifted too far. The HDA’s shift register is enabled and disabled through the use of
the SHIFT signal. Thus, when all of the data is shifted to the correct location,
SHIFT goes low. Then on the next clock cycle, the data is latched. Further clock
transitions do not affect the shift register, but are required because all of the control
line inputs are registered. A simple state machine was designed that uses the clock
and the SHIFT signal to determine when to latch the data from the shift register to
the output latches. The uPD16306 cannot disable its shift register. The data is

12



shifted at every negative edge of the clock. Therefore, once the data is in the correct
location, it must be strobed to the output. The output latches are data through when
the /STB signal is low. To latch the correct data and not be affected by future clock
edges. The /STB signal must be forced low to send the data to the output latches.
Then it must go high before the shift register shifts again. Figure 2.1 shows a state

diagram for this section of the interface PAL.

/SHIFT

Ve SHIFT

/STB * /A /SHIFT STB * /A

SHIFT

Figure 2.1

Table 2.4 shows how the remaining control signals were translated:

INPUTS OUTPUTS
SHIFT CNTEN SELECT POLARIT /PC BLK
Y
X 0 0 0 0 1
X 0 0 1 1 1
X 0 1 0 1 0
X 0 1 1 0 0
X 1 0 0 1 0
X 1 0 1 0 0
X 1 1 0 1 0
X 1 1 1 0 0
1 X X X X X
Table 2.4

13



Verilog Simulation of Interface PAL

3.1 System Module

In order to verify that all of the set-up and hold times for the uPD16306 would be
met and that the correct data would be shifted in, a verilog simulation was
completed that modeled the PAL, uPD16306, and the system inputs to these
devices. Figure 3.1 shows a block diagram of the components of the verilog system

module.

Microprocessor
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A model of the ASIC that sends the control signals to the board (DMC) and the
printers main processor was already in existence and being used at Tektronix™. The
microprocessor model involves the use of software that allows it to be programmed
using PCL (Postscript Command Language) code. The model for the PAL was
created automatically from the JEDEC code and a standardized model of a particular
PAL device. The existing models were used along with the created models to
simulate the system. The verilog code for the system module and the models for
each of the subcomponents except the DMC and the microprocessor is included in

the appendix.

3.2 Microprocessor and DMC

The print process in the Phaser 340 is controlled by a print engine microprocessor.
The microprocessor controls the DMC (Digital Motion Control) which in turn
controls the print head driver board. A complete model of the microprocessor is in
general use at Tektronix. This model is programmed by creating PCL files. Files
containing the microprocessor command code to model the print process of the
printer were already in existence for another type of simulator. These simulations
were converted into PCL code and then used to test the system for proper

performance.

3.3 MCA

Although a verilog model for the MCA(Memory Control Asic) was also readily
available, this simulation was only concerned with a small portion of the MCA’s
functionality. It was easier to create a simplified model of the MCA to simulate its
communication with the head drive board than to set up the complete model. The
MCA supplies the print data to the head drive board from the RAM in serial form.
The DMC tells the MCA when to supply the next data bit with the pe_clk_en control

14



line. Thus a sequence of data bits can be simulated cycling a variable using

pe_clk_en as the clock signal.

3.4 Interface PAL

The verilog simulation of the interface PAL was created using a standard model

for the Intel I85C220 PAL. Verilog uses this standard model and the JEDEC
command file used to program the PAL to model the device. The original
development of the interface PAL was carried out using design software for an
INTEL™ part. The actual PAL used in the design is the AMD™ PALCE16V8Q-15.

Functionally, they are equivalent parts.

3.5 Delay

For the purposes of this simulation, the particular PAL used is not important.

What is important is the propagation delay through the device. Instead of creating
separate verilog models to try PALs with different propagation times, a delay block
was created. The signals passing through the delay block are delayed to simulate

different clock to Q times of various PALs.

3.6 UPD16306

The purpose of these simulations is to insure that all of the setup and hold times of
the UPG16306 high voltage driver ICs are met. Thus, the model for this chip does
not have to simulate the device’s functionality. Instead the model must check the

setup and hold times for all of the control signals and the data line.
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3.7 System

The previously described modules are integrated at the top layer with the system
verilog file. Each of the modules are instantiated in this file, and the timing format is
set. When the system module is run, a plot file showing the activity of all of the
signals is generated and the setup and hold times of the uPD16306 are verified. No
timing violations were discovered when the simulation was run. The plots generated

by the simulation were useful for debugging the design.

16



Digital Supply Level Shifting

The digital supply voltage of the CMOS chips with their ground pins connected to
V,, must be held at five volts above V; to prevent the chips from being damaged.
This i1s accomplished by level shifting the supply voltage relative to V. This
shifted voltage supply is used to drive the uPD16306s and one CMOS octal buffer.

The frequency of the V¢ pulse during printing never rises above 11kHz.
Although, the frequency components of the corners of the V, pulse are much higher
than 11kHz, the design does not have to follow the corners of the pulse exactly to
protect the CMOS parts. Since a voltage difference of greater than six volts is
required to damage the chips, the corners of the shifted waveform can be rounded
provided the shifted waveform does not reach more than six volts above the voltage
at the ground pin of the chips (V,,). There for the transistor chosen for this level
shifting circuit does not need to be a high speed part.

Power dissipation is a major design factor. The digital supply level shifting
circuit must be able to supply all of the uPD16306s and a CMOS octal buffer used in
the signal level shifting circuit with current. This results in a current load of
approximately 40mA. In order to save board space and minimize cost, surface
mount components would be ideal. However, the SOT-23 packages common for
most surface mount transistors can only dissipate .225W of continuous power. Since
V,, may drop as low as -30V . The amount of current that can be driven through a
surface mount transistor used to accomplish the level shifting is very limited.
Therefore a high voltage transistor capable of dissipating .5W of was chosen

The design of this level shifting circuit (Figure 4.1) involves the use of a pnp
transistor as a current source driving a zener diode with a breakdown voltage of 5.1V
This circuit is both simple and inexpensive. As long as the zener is constantly
biased on, noise from the diode should not be an issue. Additionally, the zener is
relatively insensitive to current variations. Thus different current loads will not
effect the regulation of the zener as long as it remains biased. Since the only

system parameter that changes is V_, the only speed limitation will be the rate at
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which the collector voltage can change. This is limited by the output capacitance of
the transistor. At this current level and transition speeds, the effect of this

capacitance is minimal relative to the frequency of the V, signal.

C) v, § R

—{) «

-

ss

Figure 4.1

In order to keep Q, in the forward active region, V, must be greater than V,, by at
least .4V. When V is at zero volts the emitter of Q, must be at least V,, (collector
to emitter saturation voltage) above the zener breakdown voltage of the diode for the
transistor to function correctly as a current source. V, is the. Additionally, it is
desirable to make V, high enough to minimize the changes in I, caused by variations
in the characteristic V,, of individual transistors.

A couple of factors preclude using this design for level shifting the digital voltage
supply line to shift the logic control lines. First, when a zener’s breakdown voltage
is reached, the diode creates a significant amount of noise. This, plus their turn on
time, makes zener diodes undesirable for high speed switching applications.

Second, this design requires a dc to dc converter in order to supply V,, which must
be higher than V;, as mentioned in the previous paragraph. Since V4  is only
driving a few CMOS parts and the zener does not require much current

to remain biased on, the converter does not need to supply more than about 30mA.
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However there are three control lines, a data line, and a clock signal to be level
shifted. Ifthe dc to dc converter were asked to supply current to five more level
shifting circuits that use this transistor-zener design, then the current load would be

greatly increased.
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DC-DC Converter

5.1 Converter Design

Because V , 1s the highest DC voltage supplied to the head drive board by the
printer, it is necessary to convert V4, to a higher voltage on the board in to support
the V4, level shifting circuit. This was accomplished by using a monolithic DC-DC
converter. The Motorola MC34063 was selected as an inexpensive and simple to use
choice. Figure 5.1shows the schematic for the circuit used to convert SVDC to
9VDC. The internal subsystems of the MC34063 are drawn inside the outline of the
chip to give a clearer picture of how the circuit functions.

The converter works by dumping energy into the inductor when the driving
transistor is on and then dumping this energy into the output capacitor in series with

V., when the driving transistor is turned off. Thus V, can be any value greater than

out

V., as determined by the duty cycle of the transistor.

ton
out = Vin( j + Vin

toff

The manufacturer provides the following equations to determine the values of the

external components based on the desired performance.

ton Vout + Ve - Vin

toft B Vin - Vsat
fon + toff = ]
Ct=4%10"ton

ton
ka = 2Iout( + 1]

off

(Vin - Vsatj
Louin=| ——— ton

ka

, Vin - Vsat
I'ik= K ton
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I' pk
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I
Co ~ VOUt ton
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R>
Vou = 1.25(1 + —)

1
B |
CBr

Ve

170
Vise = Rsprk

Vin - Vsat - Vrsc
Iv + Ti7o

Iv

Ti7o =

Rariver =

5.2 Convertor component selection

The previous equations were entered into an Excel spreadsheet to determine the best
values to use for the external components. After examining the current requirements
for the components that would draw from the shifted Vdd signal, the converter was
designed to supply 40mA at 9V. The results of these calculations are shown in

table 5.1

R, 2,200Q
R, 13,640Q
C,  222pF
L., 173uH
R, 1.8Q
R,  484Q
C, 15uF
Table 5.1
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Signal Level-Translation

6.1 Introduction

The same design constraints exist for the signal level shifting that exist for the digital
voltage supply level shifting. However speed is much more of an issue because
these signals change states. Not only must the output ride above V, but it must
change quickly to follow the input. This need for speed is driven by two factors.
First of all, the control signals to the uPD16306 are combinational while the control
line inputs on the HDA are registered. The slower the rise and fall times are for the
level shifting, then the more variation is to be expected. Currently, there is enough
delay between different signal changes, that race conditions are not a concern.
However, a problem may arise if one of the level shifter circuits is significantly
faster than the others. Second, the shift register is driven at 8 MHz. Due to the
nature of the proposed interface PAL (as will be described later) only 1/2 of this
clock signal is available to make setup times. This leaves the system with only 60ns
to work with. In order to insure a stable signal at the clock edge, the target rise time
of the level shifting is 6ns (10% of 60ns). Due to the compounded effects of
parasitics, the design should be as simple and use as few parts as possible. The
circuit shown in figure 6.1 was selected because of its simplicity and inexpensive
cost. The buffers used in this circuit are ACT devices. ACT logic chips have TTL
level inputs and CMOS level outputs. By using output buffers with TTL level
inputs, the collector of the pnp transistor only needs to be above 2V to make the
output buffer (B,) go high. To make the buffer’s output go low, the collector of the
pnp transistor only needs to go below .8V. This allows the signal level shifting
circuit to use V, instead of requiring a higher voltage. The base voltage was chosen
to be 3.3V in order to keep the transistor in the active region. The base voltage is
created with the use of a 3.3V zener diode. The important voltages for this circuit

during one print cycle with a high input are shown in figure 6.2.
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This circuit cannot be used for the digital voltage supply level shifting because

the output buffer, B2, must have a shifted digital voltage supply in order to use

Vs as ground and not be damaged.
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Figure 6.1
Signal Level Shifting Waveforms
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Figure 6.2
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Not only do the input attributes of the buffer eliminate the need for a voltage greater
than V,, the TTL input levels provide better noise immunity. Noise may cause a
CMOS buffer to trigger several times as its input changes because CMOS logic
triggers at 2.5V. However, provided the noise on the signal is smaller than about
1.2V the TTL inputs should protect from any instability problems.

The rise and fall times of the transistor are the speed limiting factors in this
circuit. The buffers have rise and fall times on the order of 1 to 3 ns. The junction
capacitances of the transistor make it necessary to use very small resistance values in
order to achieve a transition time on the order of 6ns. This is particularly true of R,.
The base to collector capacitance, input capacitance of the buffer, and R; make up
the largest portion of the time constant for the circuit. Small resistance values
require larger currents in order to produce the required voltage. Thus the resistor
size is limited by the power dissipated across the PNP transistor. This is the primary

trade off to be made in this circuit.
6.2 Mathematical Analysis of Level Shifting Circuitry

A simple linear model was used to determine the large signal values of the circuit.
Using iterative methods it is possible to incorporate nonlinearities caused by
variations in V_, and V,; however, these variations are no greater than those caused
by device variations. These variations will not cause more than a few tenths of a volt
which will not greatly affect the attributes of the system. Using the basic linear

model:

Ve= Vb + Ve
_ Vdd -Ve + Vin-Ve

R R>

€

Ic ~ Ie
Vou = IcR3+ Vs
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6.3 Power Consumption

Since the input buffer to the level-shifting circuit will always be either high or low
there are only two states to consider for power consumption. When V,, is low, the
transistor will be near cutoff, and very little current will be flowing through the

device. Thus our only concern is when V,, is high. When V,, is held high:

P = Veerle

The power dissipated across the transistor goes up linearly as V decreases. Thus

the worst case calculation for power dissipated in the transistor:

Pmax = Veemax+Ic
Since I, is directly dependant on the value of R;, the power dissipation of the Vdd

level shifting circuit can be plotted verses the value of R, as in figure 6.3.

Maximum Power Dissipation vs. Value of R3

Watts

Figure 6.3

Fortunately V does not spend most of its time at its minimum value. Vg drops

below OV only during printing in the 300dpi print mode. When printing, this
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waveform repeats periodically with a duty cycle of .22. Thus the actual amount of

power dissipated in the transistor is approximately:

Pprinting =22V cemax*le

In order to use the sot-23 surface mount package for the transistor, which is the most
inexpensive version, the power dissipated accross the device must be kept below

225W.

6.4 Small Signal Model

In order to calculate the rise and fall time of the signal level-shifting, the small
signal model must be evaluated. C,(the base to collector capacitance), C_, (the base
to emitter capacitance), and C,,(the input capacitance of the output buffer are the
three parasitic capacitances of concern.

Figure 6.4 shows the hybrid-pi model for the entire circuit

Figure 6.4

Due to the complexity of the circuit the method of open circuit time constants is
used here. First the resistance seen by Cy, is determined. The hybrid-pi model

reduces to:
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< rg

(R1+R2)||(rb+rpi)

Rebin = Ryf|(ro + (R1 + R2)||(1v + 12))) = Rs

Next, the resistance seen by C, is determined. The reduced hybrid-pi model is
\Y
@ In¥x Ry

Figure 6.5

shown in figure 6.5.

In order to simplify the calculations, the model can be redrawn as shown in figure

6.6 (Gray and Meyer 208).
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Figure 6.6
Ri=r1(1+gn*R3)
G = Fi“ﬂ{_}
Reu = nfRi+ R3 + Gn* Ra*no|Ra
Rou = mofro(1 + gu*r3) + Rs+ e :b J‘rr;mi(; _—

Finally, the resistance seen by C,; must be determined. The hybrid-pi model reduces

figure 6.7.

+ +
Vn rn It Vt g rnV?t R3
R R

Figure 6.7
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Vt=Vb—Va

Vi=i2*rs
Va = —i1 *Ry|R2 b

. t=13+12
Vb=1:*m o

. : Lk=gn*Vi+ii+1z
Vi=13%*mr+ i1 *RyR2

. Vi

Vi=1* (it — i2) + 11 * Ri|R2 lk=gn*Vi+ti+—

Ipi
Vt=rb*(it—'\£)+i1*R1”R2 ( 1) .
r L=V gm+r_ +11

.3

Vi
Vt—rb*(it——t)

i— I'z
= Ri[R:
Vi
1 Vt—rb*(lt—r_)
Izv*( n —) i
A L RIR:

1
(RiIR2) * 1t = (R{|R2) * V. *(gm + ;—j V- T* et Vo e

I~

1 Iv
(RiR2) * L+ 1 ¥ I = (RIJIRZ)*Vt*(gm+r—J + Vet Vixr—

Iz
1 I
Ro*| gm+—|+1+—
I'n Iz

I{Ri[R2 + 1) = Vi * [Rl

Vi RiRz+ 1
- = Rth = = Rczr
Ii 1 b
(R1I|Rz * (gm + —j +1+ *j
I~ Iz
. 1= *(Ri|R2 : 1)
(I’lr * Rl“RZ * [gm + _j + I+ I‘b)
Iz
e re*(RiR: + )
T L *RiRe* gn+ RIR2 + 17 + 1
(RI”Rl + rb)
chi =Tri T T
1 -+ gm * RII}RZ

These values can be used to approximate the -3dB point using the method of open
circuit time constants. This methods approximates the system using a single pole
that is equal to the sum of the R-C values calculated previously. Thus for this

circuit:
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1
2pl(Rc7rCIr + RauCnm + Rchb)

f.wB=~

It is possible to calculate the rise time on the circuit based upon the single pole

assumption. A single pole system has the following transfer function:

Vv
A=

1__
RC

Where V is the low-frequency gain and RC is the approximated single pole. Solving
for Vo:

1 1
SR
Vo(s)=V s s RC

The circuit response to a small voltage step:
Vo(t) = V* Vi(1-¢™)

This previous calculation assumes that the voltage step is small enough that the
system can be considered linear. Since this circuit will go from cutoff to well into
the linear region, this assumption is not strictly true. However, since the transistor
does not go into saturation, and we are interested in the 10%-90% rise and fall times,
this approximation should still result in a value that can be used to design the circuit.

Next we determine the relative time values:

IV*Vi=V*Vi(l-¢*")
IV *Vi=V*Vi(l-e )
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6.4 Nodal Analysis

| . .
|
CU
T C, G,V, ' < R,
V3
% R1

Figure 6.9

Further insight can be gained about the level shifting circuit by using nodal analysis.

By performing KCL at each of the labeled voltage nodes on the small signal model

in figure 6.9, we can determine the components of the following matrix equation:

(G+sQU=V
Gv + Gr -Gz
G= Gm Go +G3 -Gm-Go
-Gn-Gm -Go G2+Gﬂ+Gl+Gm+Go
C+C -Cu -Cs
C=| -C. GCut+tC O
-Cx 0 Cx
FCu + Cb L Cu + Cb
CiCo Go CuCo
C-l — L L i
- Co Co Co
Cu + Cb L CuCIr + CﬂCb + Cqu
L Cqu Co CuCoCr

v=[vi V2 Vi
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U=[0 0 VuG]

Using Cramer’s rule, we can determine the transfer function for V,, and V.

Gv+Gr+8(Goi+Ca) 0 -Gr-sCr
~Gm-5Ca 0 - G- Go
H) = Vou(s) _ Va(s) | -G-Gu-5Cx  Va(8)Gz G2+ Gr+Gi+GntGo+sCx
Vin(s)  Vin(s) (G +5C)|Vin(s)

The results of this nodal analysis can be transformed to a state-space form which

simplifies further analysis of the circuit.

sX=AX+BU
Where X=V, I=U, A=-C'G, and B=C"'.

These values can then be used to determine the natural frequencies of the circuit. In
the nodal equation formulation the natural frequencies are the values of s that make

G+sC=0. This equation can be rewritten as:

-A+s=0

The natural frequencies are the eigenvalues of A. The results from evaluating this
equation are too complex to list here. However, all of the poles turn out to be in the
left half plane. Thus the system is stable.

Once the models were completed, they were entered into an Excel® spreadsheet.
Potential values for R,, R,, and R, were then examined for their effects on the
performance of the circuit. By setting the required bias points for V,, only the value
of one of the resistors is independent. The values of the other two resistors follow
from the equations.

The following equations result from solving for R, and R, in terms of R;, V,, in

the high state, and V , in the low state:
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Rs

Ri= v (Von - Vo)
oh 5
R, = R0
Voh - Vo]

With V=3V and V ~0V and R;=150Q, R,=250Q, and R,=62.5Q2. Since the value
of R, has the greatest effect on the rise time of the circuit, it was selected first in
order to achieve a predicted rise time of about 6ns. The values for R, and R,
followed.

The transistor selection was based on its maximum collector to emitter voltage
and the values of its parasitic capacitances. In general, these two values are
inversely proportional. Based on these considerations, the Motorola BC856ALT1
was selected. According to the manufacture, it has a maximum collector to emitter
voltage is 60V. The maximum value for the output capacitance of the transistor is
given as 4.5pF.

With these resistor values the transistor’s bias current is approximately 18mA.
When Vss 1s at -30V, the power dissipated accross the transistor is .56W. However,
since the duty cycle of the Vss pulse is .22, the time averaged power dissipated
accross the transistor is about .12W. The estimate rise time using the method of
vopen circuit time constants is 6.2ns.

By plugging these values into the results of the nodal analysis, we can generate a

bode plot for the V, in terms of V,, as shown in figure 6.10.
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Figure 6.10

Thus the nodal analysis predicts a rise time of approximately Sns.

6.5 Prototyping

Once the models were completed, several prototype circuits were constructed using

different transistors in order to test the validity of the calculations. The first

prototypes were constructed using a breadboard and then tested. The following

=500,

component values were selected because they were readily available: R,

R,=180Q, R,

110Q. The measured circuit parameters for these prototypes

are shown in table 6.1.
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2.7
2
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2.6

5

3.3

MPS6523
2N5401

7

10
4.5
0.3

17
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2.7
2.7

2N3906

2.7

Table 6.1

MPSH69
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In order to minimize parasitic capacitances caused by using a bread board, the
first prototypes were built directly on to a copper plate that acted as the ground

plane. The circuit parameters measured for these prototypes are shown in table 6.2.

t(ns) t(ns)  Cu(pf) Ve Von
measured calculated measured calculated
2N5401 11 8 10 2.6 2.7
2N3906 8 4 4.5 2.6 2.7
MPSHG69 3 1 0.3 2.7 2.7
Table 6.2

These results were much closer to the predicted value.

Finally, to accurately model the use of surface mount parts, several prototypes
were built using different surface mount parts. The parts were glued directly to a
piece of fr-5. Copper tape was used to create a ground plane. A photograph of one

of these profotypes is included. Table 6.3 shows the results of these experiments.

tr(ns) tr(ns) ch(pf) Voh voh
measured calculated measured calculated
MMBT3906 4 4 4.5 2.7 2.7
BC856ALT1 6 4 45 2.7 2.7
Table 6.3

These results matched the calculations well. In general C, was provided as a graph
verses V. in the manufacturer’s specification. The worst case value for C, was used

in these calculations.
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Test Fixture

A simple test fixture was built to facilitate the testing of the head drive board (Figure
8.1). The fixture has a switch for each of the logic inputs and a DPDT spring back
switch for manual clock pulses. The clock switch uses a debounce circuit to prevent
multiple clock pulses from resulting from pressing the button once. The fixture uses
a self contained 9V AC to DC converter. The 9V is then lowered to 5V with a
National Semiconductor 7805 three terminal voltage regulator. The outputs are
connected to a connector with holes were wires from the board can be placed. The

wires are held in place with individual set screws.

Debounce

4
[N}
x
AAN—

Clock

T
|

-

z?
5v
3terminal o, AN Count Enable
regulator 10k K
Qv J7
L AAN Shift
10k \
L AAN Select
10k <\
Polari
L AAN/ olarity
10k &
LAAA Data
10k J\

Figure 8.1
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Schematic Capture and Board Layout

Once the initial design was completed, the circuit schematics were entered into the
Cadence™ design package using schematic capture. The schematics followed the
form of the original schematics as much as possible. Figure 9.1 shows the

components of the head drive board.

Head Drive Board

Interface PAL and _
Level-Shifting uPD16306 High
Voltage Drivers
Stage
50 Pin
Connector to
Phaser 340/
350 Power
Control Board
Proprietary
Circuits
Flex Cable
Connector to Print
Head
Proprietary Proprietary
Circuits Circuits
Figure 9.1

The head drive board is connected directly the power control board with a 50 pin
connector. All of the control signals from the main controller board pass through the

power control board on their way to the head drive board. Also, the high voltage
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print waveforms are amplified in the power control board.

The interface PAL and level shifting stage encompass most of the design for this
project. The control, clock, and data signals are translated and level shifted in this
stage. The digital supply voltage going to the high voltage drivers, V,, ,is also level
shifted here.

The flex connector connects the high voltage output pins on the head drive board
to the ink jets on the print head.

After drawing the schematic using the Cadence design tools several diagnostic
checks were run through the software package to check for errors. The software
runs several checks to insure that all ground and power nodes are connected
properly, all part attributes are specified, and no signal lines are shorted.

Once the design passed this stage a netlist was generated. This netlist was used
by a circuit board layout engineer to complete the board design. In order to insure
that the new head drive board is an exact replacement for the old board, the original
layout design was used as a basis for this design. The old parts were deleted and the
new parts were added automatically by the software using the netlist. Due to the
large number of connections, the layout software was unable to route the connections
automatically. Instead the layout engineer hand routed all of the connections.

The level shifting and dc to dc converter circuitry required special attention during
the layout process. In order to minimize the affects of parasitics, the components of
each of the five signal level shifting circuits were placed close together. The external
components of the dc to dc converter circuit were kept close to the MC34063 in
order to minimize noise problems and to keep the high current connections very
short to minimize emf noise. Most signal lines are 12 mils in width, all high current
signals, power, and ground lines are 24 mils in width. The only signal lines 24 mils
wide are the connections to the inductor used in the dc to dc conversion circuit.

In order to have room for all of the signal paths, the both versions of the head
drive board are composed of four layers. There are three signal layers and one
ground plane layer. A picture of each of the layers is included in the appendix.

Before outsourcing the board designs for prototype production, a buildability
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meeting was held with several manufacturing engineers to ensure that the design
did not have the potential for any manufacturing problems. Because the new board
is very similar to the old head drive board, the design was passed easily. The only
changes suggested by the manufacturing engineers involved the addition of test
points.

Once each of the current head drive boards are stuffed, they are tested using a
custom test fixture. The fixture uses a bed of nails to probe the outputs of the board
during the test. The functionality of every portion of the board is tested. Since the
fixture only deals with the inputs and outputs of the head drive board, this same test
fixture will be used to test the new boards. If a board fails, the incorporation of test
points connected to internal signals on the board makes it easier to determine the
location of the problem.

The board design files were outsourced to a board manufacture who produced
fourteen boards. The empty boards were then returned to Tektronix, where all the

parts were mounted to the board using high speed machinery.
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Results

10.1 Print Head Drive Board Debugging and Test Fixture Evaluation

The prototype boards were examined for visible flaws, and then the power
connections were checked for voltage shorts before powering up the board. Next the
board was powered up and the interface PAL was checked by manually changing the
control signals. Once a modification wire connecting the PAL’s output enable pin to
ground was added, the PAL functioned properly.

The work up to this point was completed at Tektronix’ printer manufacturing site
in Wilsonville, Oregon. The remaining characterization was completed at MIT.
Only one board was available for testing.

The test fixture previously mentioned was used to supply V4, and the control
signals to the board. The manual clock was used to check that the design worked
correctly.

The test fixture’s V,, was measured at 4.98V DC. 40mV of noise was measured
on the V,, line. When the high frequency noise was blocked out, the waveform

shown in figure 10.1 was evident on top of the digital voltage supply.

Vdd Noise

uSec

Figure 10.1

This noise signal propagated through much of the head drive board.
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10.2 Dc to Dc Conversion

The voltage step-up converter circuit was designed to provide 9V at 37mA.

The output voltage was measured to be 8.9V. This slight difference could be the
result of variation of several circuit paramaters such as switching frequency and
inductance value. The switching speed was measured by measuring the voltage
across the timing capacitor and the schottky diode. The voltage waveform shown in

figure 10.2 appeared accross the timing capacitor:

Voltage Across Timing Capacitor

uSec

Figure 10.2

The switching frequency was designed to be 90KHz during the design with the duty
cycle equal to .5. The measured frequency was 85KHz. This difference is most
likely caused by the timing capacitor’s 10% tolerance and a slightly higher output
current than expected. Figure 10.3 shows the waveform measured at pin 1 of the
MC34063.The duty cycle was .5 as designed. The ripple on the output voltage was
designed to be 50mV. It was measured at 45mV.
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Voltage at Pin 1 of MC34063

—e—Vd

uSec

Figure 10.3

10.3 Digital Supply Level Shift

The digital supply level shifting circuit was designed to provide a voltage 5.1V
above V. The output voltage was measured at 5.17V. This variation is solely due
to the diode’s zener breakdown voltage and is well within the specifications provided
by Motorola™. The base-emitter voltage of the level shifting transistor was
measured to be .8V. The noise signal measured from the V, supply was present on

V44 signal; however, the noise signal did not cause any problems for this circuit.

10.4 Signal Level Shift

The bias points of the signal level shift circuit are highly dependent on transistor
characteristics. This variation is inconsequential as long as V;<.8V and V_,>2V.
The circuit was designed to provide at least a 50% margin of error for both of these
requirements. V,, was designed to be near OV and V, was designed to equal 3V.
Not only does this provide margin of error to compensate for part tolerances, the rise
and fall times between the transition voltages is decreased if the circuit is designed to
go beyond these transition voltages. Assuming that the base to emitter voltage
equals .7V, the circuit values were selected so that V =0V and V_=3V. The values

measured are shown in table 10.1.
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Measured Designed

V, 3.27 3.3
V., 3.98 4
V, 3.91 4
V., 4.91 5
V., 0.15 0
V., 2.97 3.1
Vv, 0.26 0.0
Table 10.1

With the exception of the low state output voltage all of the values are within .1 volts
of the designed values. The errors can be easily explained. One source of error is
the output voltage of the CMOS buffers, which serves as the input for the level
shifting circuit. The buffers are not able to drive their output completely to the
supply rails. Thus the measured high value of the buffers was 4.91V and the low
value was .15V. This is within the specification provided by Motorola™. The other
source of error comes from the base to emitter voltage of the transistor used to
accomplish the level shifting. This value was assumed to equal .7V. However,
depending on the collector current, this value is specified by Motorola™ to range
from .6V to .9V. Often the relationship between the base to emitter voltage and the
collector current of a transistor is modeled with a logarithmic relationship. The

following equation is used:

Ic=Is[eTl - ]

Where I, is the reverse saturation current and V, is equal to .026V at 25°C. Instead
of providing I, Motorola™ supplies a chart showing V,_ vs. I.. This plot shows that
the relationship is almost logarithmic.

If the values of the model are changed to reflect the measured values of Vb, Vin,

and Vbe more accurate values result as shown in table 10.2
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Measured Designed

Vb 3.27 3.27
Veh 3.98 3.98
Vel 3.91 3.91
Vinh 4.91 4.91
Vinl 0.15 0.15
Voh 2.97 3
Vol 0.26 0.3
Table 10.2

10.5 Noise

10.6

The noise waveform present on V, is also present at the input to the level shifting
circuit. The circuit amplifies the noise at the output. The noise measured on V
was equal to 158mV. Thus the noise signal was amplified approximately by a factor
of three. This amplification was predicted by the Bode plot included in the
description of the signal level shifting design. This noise signal did not affect the
circuit’s performance. Because the head drive board was not tested while being used
on an actual printer, the board’s noise immunity may not be as good as measured.
The 158mV of noise that was generated as a result of the noise signal present on the
Vdd supplied by the test fixture did not cause any problems; however, if the noise
signal had been a factor of three larger, the circuit may not have performed
correctly. Further testing in conjunction with actual printers is underway at

Tektronix™.

Rise Times
A 1MHz clock pulse was used to examine the rise times of each of the elements of
the level shifting circuit. 1MHz was chosen because it was the highest frequency

square wave that could be produced by the available signal generator. Table 10.3

shows the measurements taken.
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Tie(ns) V10% V90% Overshoot

PAL 3.5 0.38 3.38 none
Input Buffer 2.62 0.49 4.41 0.75
Level shift 7.24 0.55 2.67 0.1

Output 3.4 0.51 4.6 0.45
Buffer
Table 10.3

The predicted rise time for the PAL was 6.15ns. This calculation did not take into
account the capacitance of the scope probe or the rise time of the oscilloscope. If
15pF is added to the input capacitance of the output buffer to compensate for the
capacitance of the oscilloscope probe, then the predicted rise time changes to 11.1ns.
This value is almost twice the measured value. The accuracy of the prediction is
seen to be even worse if the rise time of the oscilliscope is used to adjust the

measured rise time.

35

~—————~1 SOMIL, = 2.33ns

tr - scope —

tr - measured = \/ (tr - scope)2 + (tr - actual) ?

724ns = /5.43n8? + (t - sctar)”

tr - actal = 6.91018

Thus the calculated value for the rise time of the level shifting circuit is off by a
factor

of 2. This is to be expected due to the linear approximations used by the transistor
models and the values used. The transistor small signal model was designed to be
used as a linear small signal approximation. As the input signals leave the small
signal region, the nonlinear nature of the system becomes more evident.
Additionally, the parasitic values used in the model were worst case values provided
by the manufacturer. It is likely that these values are actually smaller than the worst

case. In any case, the transistor models did provide a rise time figure of merit that
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was important to the design process.

10.7 Conclusion

The head drive board tested met the design requirements established for the board. It
correctly functions as a drop in replacement for the original head drive board and
costs considerably less. However, further testing is necessary with a larger sample of
boards tested in printers. Although the noise present in the board tested, it is
unknown if noise will be a problem when the board is used in the printer because a
printer was not available when this board was tested. At the time of this paper,
engineers at Tektronix™ are evaluating this print head drive board design for its

reliability.
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APPENDIX A
PALASM Code and Simulation

TITLE INTERFACE PAL
REVISION 2

AUTHOR GARY GILL
COMPANY TEKTRONIX
DATE 9/4/96

OPTIONS TURBO=ON
SECURITY=OFF

CHIP HEAD INTERFACE I85C220

PIN CLK

PIN SHIFT

PIN CNTEN

PIN SELECT
PIN POLARITY
PIN PC

PIN BLK

PIN STB

PIN A

PIN DATA_IN
PIN DATA_OUT
PIN CLK _DELAY OUT

; State Machine Controlling STB

STATE
MOORE_MACHINE
DEFAULT BRANCH S1

; State Assignments
S1=/STB * /A ;mod 10-16
S2=STB * A

S3=STB * /A

S4=/STB * A

; State Transitions
S1:=VCC ->82
S2 := SHIFT > S3
+ /SHIFT -> S2
S3 :=/SHIFT -> S4
+ SHIFT -> S3
S4:=VCC ->S1
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EQUATIONS
CLK_DELAY OUT = CLk
PC.CLKF =CLK
BLK.CLKF =CLK
STB.CLKF =CLK
ACLKF =CLK
DATA_OUT.CLKF = CLK

T_TAB(SHIFT CNTEN SELECT POLARITY :>>PC.D BLK.D)

X000:01
X001:11
X010:10
X011:00
X100:10
X101:00
X110:10
X111:00
IXXX: XX

T_TAB(DATA_IN :>>DATA_OUT)

0:0
1:1

SIMULATION
SETF /CLK /SHIFT /POLARITY /CNTEN /SELECT /DATA_IN

PRLDF /STB /A /BLK /PC /DATA_OUT

TRACE_ON CLK CNTEN SELECT POLARITY SHIFT STB BLK A PC DATA_IN
DATA_OUT CLK_DELAY OUT

; First a simple check of the combinational logic

CLOCKF CLK
CLOCKF CLK

SETF /CNTEN /SELECT /POLARITY
CLOCKF CLK

SETF /CNTEN /SELECT POLARITY DATA IN
CLOCKF CLK

SETF /CNTEN SELECT /POLARITY /DATA_IN
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CLOCKF CLK

SETF /CNTEN SELECT POLARITY
CLOCKF CLK

SETF CNTEN /SELECT /POLARITY DATA_IN
CLOCKF CLK

SETF CNTEN /SELECT POLARITY /DATA_IN
CLOCKF CLK

SETF CNTEN SELECT /POLARITY
CLOCKF CLK

SETF CNTEN SELECT POLARITY DATA IN
CLOCKF CLK

SETF SHIFT /DATA_IN
CLOCKF CLK

SETF /SHIFT
CLOCKF CLK
CLOCKF CLK
TRACE_OFF
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APPENDIX B
Verilog Simulation Code

System.v
‘timescale 1 ns / 10 ps

/I define clock period
“define PERIOD 30
"define UNITDELAYLIB

‘define PALMODEL
file=/tools/complibData/Imc_r40b/special/cds/verilog/historic/i85¢220.v

‘uselib file=mc68330.v file=dmc_asic.v file=mca.v file=upd16306.v file=delay2.v
"'PALMODEL

module sys ;

tril pulled_high ;

tri0 pulled low ;

wire buf cpu68_clk;

buf #2(buf cpu68 clk, p_clk16);

wire [15:0] pin_data ;

wire [15:8] pin_dat ;

wire [19:0] pin_addr ;

reg [15:0] dead reg;

reg sys clk;

reg cpu clk;

wire pin_sys_clk_in =sys_clk;
reg sys rst n;

wire pin_trst = sys_rst n;

wire reset_68k_n;

buf (reset 68k n, sys rst n);
wire Iwe n;

wire uwe n;

wire as_n;

wire modck; pulldown ( modck );
wire bram_enable n; pulldown (bram_enable n );
wire avec; pullup ( avec );
wire berr; pullup ( berr );

wire halt; pullup ( halt );

wire irq1; pullup (1irql );

wire irq2; pullup ( irq2 );

wire irq3; pullup (irq3 );

wire irq4; pullup ( irg4 );

wire irq5; pullup ( irq5 );

wire irq7; pullup (irq7 );

wire pin_y_sin; pullup ( pin_y sin ),
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wire chucks 68k _rst; pullup ( chucks 68k rst);

wire p_ack0 68 n; pullup (p_ackO 68 n);
wire p_ackl 68 n; pullup (p_ackl 68 n);

// DMC Instantiation

dmc_asic dmc (
.p_ac_outl(p_ac outl),
.p_ac_out2(p_ac_out2),
.p_ac_out3(p_ac_out3),
.p_ac_outd(p_ac outd),
.p_ac_out5(p_ac_out5),
.p_ac_out6(p_ac_outb6),
.p_ac_out7(p_ac_out7),
.p_ac_out8(p_ac_out8),
.p_ac_out9(p_ac_out9),
.p_ack0 68 n(p_ackO 68 n),
.p_ackl 68 n(p_ackl 68 n),
.p_adc_muxO(p_adc_mux0),
.p_adc muxl(p_adc muxl),
.p_adc mux2(p_adc_mux?2),
.p_adc_muxen_n(p_adc _muxen n),
.p_auxt_dir(p_auxt dir),
.p_auxt pwm(p_auxt pwm),
.p_bram _cs_n(pin_bram_cs_n),
.p_cap_heat n(p_cap_heat n),
.p_cink heat n(p_cink_heat n),
p_clkl6(p_clk16),
.p_dfan_en(p_dfan_en),
.p_drum_heat n(p_drum_heat n),
.p_efan_en n(p_efan en n),
.p_hda cnten(p_hda cnten),
.p_hda pol(p_hda pol),
.p_hda sel(p_hda_ sel),
.p_hda shf clk(p _hda shf clk),
.p_hda shift(p_hda_shift),
.p_head heat n(p_head heat n),
.p_iic_nv_clk(p_iic_nv_clk),
.p_irq_n(p_irq_n),
.p_kink heat n(p_kink heat n),
.p_media heat n(p_media_heat n),
.p_mink heat n(p_mink heat n),
.p_pe_clk en(p pe clk en),
.p_phase(p_phase),
.p_proc_clst(p_proc_clst),
.p_proc_dir(p_proc_dir),
.p_proc_pwm(p_proc_pwm),
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p_pwm_p(p_pwm_p),
p_pwm_s(p_pwm_s),
p_pwr_Imt(p_pwr_Imt),
.p_pwr_waste_en(p_pwr_waste en),
.p_ra_heat n(p ra heat n),
p_ref(p_ref),

.p_resv_heat n(p_resv_heat n),
.p_sclk(p_sclk),
.p_spare_outl(p_spare outl),
.p_sram_oe n(p_sram_oe_n),
.p_tdo(p_tdo),
.p_wave_vpp(p_wave _vpp),
.p_wave_vss(p_wave_vss),
.p_wipeaotl(p_wipeaotl),
.p_wipeaot2(p_wipeaot2),
.p_wipebotl(p_wipebotl),
.p_wipebot2(p_wipebot2),
.p_xaoutl(p_xaoutl),
.p_xaout2(p_xaout2),
.p_xapwm(p_xapwm),
.p_xboutl(p_xboutl),
.p_xbout2(p_xbout2),
.p_xbpwm(p_xbpwm),
.p_xslopeco(p_xslopeco),
p_ydir(p_ydir),

.p_yink heat n(p_yink heat n),
p_ypwm(p_ypwm),

p_d 68 15(pin_data[15]),
p_d_68 14(pin_data[14]),
p_d 68 13(pin_data[13]),
p_d 68 12(pin_data[12]),
p_d 68 11(pin_data[11]),
p_d 68 10(pin_data[10]),
p_d_68 9(pin_data[9]),
p_d_68 8(pin_data[8]),
.p_d 68 7(pin_data[7]),
p_d 68 6(pin_data[6]),
p_d 68 S(pin_data[5]),
p_d 68 4(pin_data[4]),
p_d 68 3(pin_data[3]),
p_d 68 2(pin_data[2]),
p_d 68 1(pin_data[l]),
p_d 68 O(pin_data[0]),
.p_iic_nv_dio(p_iic_nv_dio),
.p_sda(p_sda),
.aw_13(pin_addr[13]),
.aw_12(pin_addr{12]),
.aw_11(pin_addr[11]),
.aw_10(pin_addr[10]),
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.aw_9(pin_addr[9]),
.aw_8(pin_addr[8]),
.aw_7(pin_addr[7]),
.aw_6(pin_addr[6]),
.aw_5(pin_addr[5]),
.aw_4(pin_addr[4]),
.aw_3(pin_addr[3]),
.aw_2(pin_addr[2]),
.aw_1(pin_addr{1]),
.p_ac_inl(p_ac_inl),
.p_ac_in2(p_ac_in2),
.p_ac_in3(p_ac_in3),
.p_ac_ind(p_ac in4),
.p_ac_in5(p_ac_in5),
.p_ac_in6(p_ac_in6),
.p_ac_in7(p_ac_in7),
.p_ac_in8(p_ac_in8),
.p_ac_in9(p_ac_in9),

.p_aux_climit(p_aux_climit),

.p_aux_opt(pin_auxt_opt),

.p_aux_pout(pin_auxt paper out),
p_auxttypl(pin_auxt_typel),
.p_auxttyp2(pin_auxt type2),
.p_cl_misc(pin_misc_cl n),

.p_clk32(pin_sys _clk in),
.p_cs 68 n(p_cs 68 n),
.p_fbem(p_fbem),
p_foyk(p_tbyk),

.p_l sense(p_1 sense),

.p_proc_cl n(pin_proc_cl n),
.p_proc_cos(pin_proc_cos),
.p_proc_sin(pin_proc_sin),

.p_rst_in_n(pin_trst),

.p_spare_flaginl(pin_spare flaginl),
.p_spare_flagin2(pin_spare flagin2),

.p_sz0_68(p_sz0_68),
.p_szl _68(p_szl 68),
.p_tck(pin_tck),
p_tdi(pin_tdi),
.p_tms(pin_tms),
.p_trst(pin_trst),
p_wr_68 n(p wr 68 n),
.p_xainl(p_xa_inl),
.p_xain2(p_xa_in2),
.p_xbml(p_xb inl),
p_xbin2(p_xb_in2),
.p_ycl n(pin_y cl n),
.p_ycos(pin_y_cos),
.p_ysin(pin_y_sin)
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bufif0 ( pin_data[7], 1'b0, chucks 68k rst);

microprocessor mot(
.clkout(),
W_(p_wr_68 n),
.uwe_(uwe_n),
Iwe_(Iwe n),
.csl_(),
.cs2_(p_cs_68 n),
.data(pin_data),
.addr(pin_addr),
halt (),
irq6_(p_irq_n),
.reset_(reset 68k n),
.modclk(modck),
51z0(p_sz0_68),
.sizl(p_szl 68),
.dsackl (p_ackl 68 n),
.dsack0_(p_ackO 68 n),
.extal(buf cpu68 clk),
Jberr ()

);

185C220 pal (
INP1 (p_hda shf clk), //clk
INP2 (p_hda_shf clk), // clk combinatorial
INP3 (pal_din), // data from MCA
INP4 (p_hda pol), // polarity
INPS5 (p_hda_sel), // select
INPO6 (p_hda_cnten), // cnten
INP7 (p_hda_shift), // shift
NP7 (),
INP8 (),
NP9 (),
INP10 (),
101 (),
102 (),
103 (clk_delay pal),
104 (pal_dout),
JOS (pc_pal),
J06 (blk_pal),
J07 (stb_pal),
JO8 (a)
);
/* parameters for the pal model */
defparam pa. COMPONENT = "I85C220-7"; // timing version of part
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defparam pal. JEDECFILE = "head.jed"; // name of jedec file

reg print_data;

delay? delay1 (

.clk_in (clk_delay pal),
.stb_in (stb_pal),

.blk_in (blk pal),

.pc_in (pc_pal),
.print_data_in (pal_dout),
.stb_out (stb),

.blk out (blk),

.pc_out (pc),
.print_data_out (pal_dout),
.clk_out (shift_clk)

);
upd16306 necpart (
.stb (stb),
blk (blk),
-pe (po),
.s_clk (shift_clk),
.print_data (pal_dout)
);
mca mca (
.pe_clk _en (p_pe clk en),
.mca_dout (pal din)
);
initial begin
sys_clk=0;
forever #(' PERIOD/2) sys clk = ~sys clk ;
end
initial

*/

force sys.dmc.cpu_io.reset_cntr tmp 0 =1b0;

#100

release sys.dme.cpu_io.reset_cntr_tmp O ;

/* set the format for timing data in the simulator */
initial $timeformat( -9, 1, " ns", 9);
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initial begin
sys_rst n=0;
#(PERIOD*5) sys rst n=1'bl;
#(PERIOD*5) sys_rst n=1'b0;
#(PERIOD*10) sys rst n=1'b1;
end

always @(sys_rst nor pin_addr[19:12] or p_wr_68 n) begin
@(posedge buf cpu68 clk) if (~sys_rst_n)
dead reg=16"h0;
else if ((pin_addr[19:12] == 8'hab) & (p_wr_68 n == 1'00))
@(posedge buf cpu68 clk) dead reg =pin_data ;
end

always @(dead_reg) begin
@(posedge sys_clk) if (dead reg = 16'hdead) begin
$display ( "Processor halted by dead reg == dead" );
$stop ;
end
end

/* watchdog, to stop simulator from running forever */
initial #1000000 $stop;

endmodule

Plot.v
module plotfilegen,;

initial begin
$dumpfile ( "verilog.ved" );
$vtDump;
$dumpvars (1, sys );
$dumpvars ( 1, sys.dmc );
$dumpvars ( 0, sys.mot );
$dumpvars ( 1, sys.mca);
$dumpvars ( 1, sys.necpart);
$dumpvars ( 1, sys.pal);
$dumpvars ( 1, sys.delayl);
end

endmodule

uPD16306
module upd16306 ( stb, blk, pc, s_clk, print_data );
input stb, blk, pc, s_clk, print_data;

59



reg flag;

specify
specparam tSU=10, tHLD=10, tCLK_STB=50, clkw=20, stbw=20, blkw=200,

pcw=200;

$setup(print_data, negedge s _clk, tSU, flag);
$hold(print_data, negedge s_clk, tHLD, flag);
$setup(negedge s_clk, posedge stb, tCLK_STB, flag);
$width(negedge s_clk, clkw, 0, flag);
$width(negedge stb, stbw, 0, flag);
$width(negedge blk, blkw, 0, flag);
$width(negedge pc, pcw, 0, flag);

endspecify

/* dummy module for the NEC part */
endmodule

MCA.v

module mca (pe_clk _en, mca_dout),
input pe_clk_en;
output mca_dout;

wire pe_clk_en;
reg mca_dout;

initial begin
mca_dout =0;
end

always @(posedge pe_clk_en)
mca_dout =~mca_dout;

endmodule
Delay.v

module delay2 (stb_in, blk_in, pc_in, print_data_in, clk in, stb_out, blk_out,
pc_out, print_data out, clk_out);
input stb_in, blk_in, pc_in, print_data _in, clk in;
output stb_out, blk_out, pc_out, print_data out, clk_out;

buf #18 bl (stb_out, stb_in),
b2 (blk out, blk_in),
b3 (pc_out, pc_in),
b4 (print_data out, print_data_in),
b5 (clk_out, clk_in);

endmodule
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) - DATA SHEET (Preliminary)

"NEC MOS INTEGRATED CIRCUIT
ELECTRON DEYICE )
. «PD16306

HIGH VOLTAGE CMOS DRIVER FOR PDP,EL,VFD

DESCRIPTION :
rPD16306 is high voltage driver for PDP, EL or VFD graphic panel structured by CMOS process. Logic power
supply is 5 V connecting direct to control logic. Maximum output voltage is 80 V and maximem current is 50 mA,

FEATURES
¢ 80 V Output Volitage Swing Capability
6 ¢ 50 mA Qutput Sink and Source Current Capability
® 64 bit Shiftregister and Latch
® High Speed Serial DATA Transferring {fmg, = 20 MHz
¢ Low Standby Current 100 2A

ORDERING INFORMATION

PART No. Package
t( uPD16306GF-3BA 100 pin Plastic QFP (14 x 20)

T

NEC cannot assume any resoonsibility far any circuits shown or represent tat
they are free from patent infringemaent,
NEC reterves the right 1o make changes at any time without notice in order to
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«PD16306 NEC secraon oevice

PIN CONNECTION DIAGRAM (Top View)

2SS BI5E3 5558855855
VDDZO__}?_%%SS‘QESS‘»58%8883%8%580_0\,002
Voo2 0— 2 79 }—0 VoD2
NC o—3 O 78 }—o0 NC
NC o— 4 77 }—0 NC
Vss2 0— 5 76 —0 Vss2
NC o— 8 75 }—0 NC
NC o 7 74 —0 NC
042 o 8 73p—0 023
043 o 9 72+—0 022
Oas o—10 71 p—o0 021
045 o—11 70 —0 020
Oss O—f12 69— O19
047 ©o—{13 68 }—o Ois
Oag O—14 670 017
O49 O0—15 66 0 Ois
Osg o—16 65 —o O15
Os1 o—i17 84 }—0 O14
052 o—{18 83 t—0 C13
0s3 o—f19 62+—0 012 .
Os4a o—q20 81 f—0 On
0s5 o—j21 GOF_O O10
Os¢ o—{22 59 b—0 O9
Os7 o—]23 58 }—o Os8
Osg o—]24 57— 07
Osg oJ25 s5l—o Os
60 o]26 55t o Os
O1 o_J27 54l o Oa
Os2 o|28 s3alo O3
083 o— 29 s2}—o0 02
% % v 53835882393 esseag | O

LY LEL L bt

8 7 LB 5 g

Sggfy, Hoys8eeigfyys

Note:

The 40 pin (NC) should be open.

Alt the power supply terminais should be used.

Vss1 and Vgg2 should be respectively connected with themseives outside,
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- NEC aectron ogvice

2PD16306

BLOCK DIAGRAM

o e o—{>

»|

A O—r————ea(]

TR o—D>—{ Lk

o S

|

8 Oo+————Q

Se4

st | ‘—‘DD_:)D—D—-O o

L

L —_-D__:) D—D;_O e

64 bit

. Shift Register

o

64 bit Latch
+ High Voltage OMOS Driver

80 V £50 mA max.



uPD16306

NEC ELECTRON DEVICE

PIN CONFIGURATION

SYMBOL PIN NAME PIN No. FUNCTION
PC Polarity Change input 44 All driver outputs’ level are inverted
while PCis L.
BLK Ptank input 45 All driver outputs are H while BLK is H
and PCis H.
378 Latch Strobe input 43 Latch’s status is data through while ST8
is L.
A Right Data input/output 37 R/IL=H:A=IN,8=0UT
R/L=L:A=0UT,B=IN
8 Left Data input/output 36
K Clock input 8 . ~ Data of shift-register is shifted while
CLK is going H to L. (Negative edge is
active.)
R/C Shift Direction Control input 41 H : Right Shift Mode
A~>0y-Og4 =+ B
L : Left Shift Mode
B = Og4~-01 - A
01-0g4 Driver Qutputs 8-30,51-73 High voltage output 80 V, 50 mA
§2-99
Vooi Logic Power Supply 42 5V:10%
Voo2 Driver Power Supply 1,2,31,50,79,80 | 10-70V
Vssi Ground (for Logic) 39
Vss2 Ground (for Driver) 5,34,47,76
NC No Connect 3.4,6,7,32,33, No. 4Q pin should be open.
35,40,46,48, 49,
74,75,77,78,
81, 100
4

66




- NECucnonms

«PD16306

TRUTH TABLE 1 (Shift-Register part)

WPUT IN/OUT )
p— - SHIFT-REGISTER
R/L CLK A B
H { IN ouT DATA is shifted.
H Horl IN ouT No Change
L 4 ouT IN DATA is shifted.
L Hor L ouT IN No Change

TRUTH TABLE 2 (Latch, Driver part)

DATA | §T8 | BLK [+ DRIVER OUTPUT

X X H H ALLH
. X X H L ALL L

H L L H H

H L L L L

L L - L H L

L L L L H

X H L H Latch’s data output

X H L L Latch’s data output {inverting)
. DATA are contents of shift register. (S1-Sgq)

L
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#PD16306 NEC suecraon oence

-

ABSOLUTE MAXIMUM RATINGS (T,=25°C, Vss =0 V)

Logic Power Supply Voo1 —05t0+7.0 v )
Input Voltage v, ~0.5 to Vgpt +0.5 v ;
Logic Output Voltage Voi -0.5to Vgpt +0.5 \'

Driver Power Supply Vbo2 -0.51t080 v

Driver Output Voltage Vo2 —0.5to Vppz +0.5 \

Driver Maximum Current lo2 - 250 mA

Power Dissipation/Package Pp 1000 mw

Operating Temperature Topt —40 to +85 °c

Storage Temperature Tseg —65t0 +150 . °c

RECOMMENDED OPERATING CONDITIONS (T, =25°C, Vss =0 V)

ITEM symaoL MIN, TYP, MAX, UNIT

Logic Power Supply Vpot 45 S 55 \'4
High Level Input Voitage ViH 0.7 - Vpo1 Voot v
Low Level Input Voitage ViL [} 02-Vppt v
Oriver Power Supply Vpo2 10 70 v
Driver Qutput Current low2 hhad ~

loH2 -40 mA

hY

-~
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¥ NEC aecraon nevice

#PD16306

DC CHARACTERISTICS
(Ta=25°C, Vpp1 =45V 1055V, Vpp2 =70V, Vss =0V)

ITEM SYMBOL MIN. TYP, MAX, UNIT CONDITIONS
High Level Output Voltage VoH1 03-Vpp1 \" Logic, IoH1=—1 mA
Low Lavel Qutput Voltage Vou1 0.1Vpo1 v Logic, lgL1=1 mA
VOH21 69 v 01-0g4., loH2=—1 MmA
High Level Qutput Voltage
VOoH22 &5 v 01~0g4,l0H2=—10 mA
VoLa1 1 v 01-0s4.10L2*5 mA
Low Level Qutput Voltage
VoL22 10 v 01-0s4.l01L2=40 mA
High Level input Current IH 1 BA Vi=Vpot
Low Level Input Current TR -1 HBA V=0V
High Level Input Voitage Vin 0.7Vpo1 v
Low Levs! input Volitage ViL 02-Vpp1 v
for Vpp1,
| 1.0 mA
oot T4=—40 10 485 °C
1001 10 RA for Vpp1, Ta=25 °C
Stand by Current \ 10 A for Vop2.
oD2 E T,=—40 to +85 °C
loo2 100 BA for Vppa, Ta=25°C

AC CHARACTERISTICS
(Ta=25°C, Vpp1 =5V, Vpp2 =70V, Logic C_ =15 pF

Driver Cy =50 pF)

ITEM SYMBOL MIN, TYP. MAX, UNIT CONDITIONS
PHLI 50 ns
CK-a/B
- bteLHt - - 50 ns ~
tPHL2 160 ns —
CiK=01-0g4
PLH2 160 ng
tPHL3 150 ns .
Delay Time STB - 01-Og4
PPLH3 150 ns
PHLY 148 ns
BLK = 01-0gg
tPLH4 14§ ns
tPHLS 140 ns
PC- 01-0g4
PLHS 140 ns
Rise Time tTTLH . 70 ns 01-0g4
Fall Time TTHL 70 ns 01084
Maximum Frequancy frmax 20 30 MHz | Duty=50 %, for CLK
Input Capacitance Ci 10 15 pF
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. 4PD16306

NEC ELECTRON DEVICE

AC TIMING REQUIREMENT (T, =—40t080°C, Vppt =4.5t0 55 V)

ITEM SYM80L MIN. TYP. MAX. UNIT CONDITIONS
Clock Pulse Width PWETK 20 ns
Strobe Puise Width PWSTS 20 ng
Blank Pulss Width . PWgLK 200 ns
Polarity Change Pulse Width PWpE 200 ns
Data Setup Time tSETUP 10 ng
Data Hold Time tHOLD 10 ns
Setup Time t5(%-3T8 50 ns for CLK 1 10STB t
8

70




[ NEC euecrron oevice ’ zPD16306

AC CHARACTERISTICS WAVEFORM

. 1/ TLK

PWELKIL) ,  PWCLK(H)
CLK -——-—————a\ Voo1
50% 50 % 50%
vss
| 'SETUP tHOLD |
Voo1
A/8 50 % 50% ><@x '
vss
PHLT tPLHY
. VOH1
B/A ] 50% 50 %
VoLt
) VoH2
90% 90 %
o] ) \
. n 0% 10%
VoL
YR I L
Vo1
4 50 %
Vss

\ [ vVoo1
31} - 50 % ﬂ 50%

Vss
PHL3 |
VoH2
90 %

On
- tpL-Hg' - Vo2
VoH2

On
10% vVowz
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PD16306 N C euecrron oevice
g

PWgLK

Vpo!
BLK /’
5Q %
~ Vss

- PHLS | ’ '
‘ VoH2
90 %
o : 10% vouz

PWEC |

vVoo1

\ - ¢

PLHS

tPHLS
VOH2
90 %
o '
) 10%

Vo2

10
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MC34063A MC33063A

Motoroia reserves the right to make changes without further notice to any products herein. Motorola makes no warranty, representation of guarantee regarding
the suitadility of its products for any particular purpose, nor does Motorola assume any liability anising out of the application or use of any product of circuit, and
specifically disclaims any and all liabdity, including without limitation consequential or incidental damages. “Typical” parameters which may be provided in Motorola
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others. Motorola products are not designed, intended, or authorized for use as components in systems intended for surgical implant into the body, or other
applications intended to support or sustain life, or for any other application in which the failure of the Motorola product couid create a sitiation where personal injury
ordeathmay occur. Should Buyer purchase or use Motorola products for any such unintended or unauthorized application, Buyer shall ingemnify and hoid Motorola
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arising out of, directly or indirectly, any ciaim of personal injury or death associated with such unintended or unauthorized use, even ¥ such claim alleges that
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Opportunity/Affirmative Action Empioyer.

How to reach us:
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M) mororora MC74AC244
MC74ACT244
Octal Buffer/Line Driver OCTAL BUFFER/LINE
. DRIVER WITH
with 3-State Outputs 3-STATE OUTPUTS
The MC74AC244/74ACT244 is an octal butfer and line driver designed to be
employed as a memory address driver, clock driver and bus oriented transmitter/
receiver which provides improved PC board density.
+ 3-State Outputs Drive Bus Lines or Buffer Memory Address Reg:sters
o Outputs Source/Sink 24 mA ' . )
» ‘ACT244 Has TTL Compatiie Inputs
— N SUFFIX
Vec OFz CASE 738-03
[0] [1s] [re] [17] [v] [1s] [a] [13] [2] [] PLASTIC
RGN >
> > > ~k~
Sl S el el el el ow surmx
Ll le La] Led L) Le] L) Lo La] Lo CASE 7510-04
% aND PLASTIC
TRUTH TABLE TRUTH TABLE
Inputs Outputs Inputs Outputs
OEy | D | (Pins 12,14, 16,18) OEz| D (Pins 3, 5,7, 9)
L L L L L L
L |H H L | H H
H X Z H X z
H = HIGH Vorage Levei H = HIGH Votage Level
L = LOW Voitage Level L = LOW Voitage Level
X = immaterial X = Immaterial
Z = High Impedance 2 = High Impedance
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MC74AC244 MC74ACT244

MAXIMUM RATINGS*

Symbol Parameter Vaiue Unit
vee DC Supgply Vottage (Referenced to GND) <0.5t0 +7.0 v
Vi DC Input Voltage (Referenced to GND) =05t Voo +0.5 \'}
Vout DC Output Voitage (Referenced to GND) =051t Voo +0.5 v
n DC Input Current, per Pin +20 mA
lout DC Output Sink/Source Current, per Pin +50 mA
lcc DC Vg or GND Current per Output Pin 50 mA
Tstg Storage Temperature -65 10 +150 °c

* Maximum Ratings are those values beyond which damage to the device may occur. Functional operation should be restricted to the Recommended
Operating Conditions.

RECOMMENDED OPERATING CONDITIONS

Symbol Parameter Min Typ Max Unit
Vee Supply Votage "AC 20 5.0 6.0 v
‘ACT 45 5.0 5.5
Vi Vout | DC input Voitage, Output Voltage (Ref. to GND) 0 vee v
: Vec 3.0V 150
e !@&T&me& Veg © 45V 40 sV
- Vec @55V 5 25
oy Input Rise and Fal Time (Note 2) Vegc @ 45V 10 sV
' ACT Devices except Schmitt inputs Vec @ 55V 8.0
Ty Junction Temperature (POIP) 140 C
TA Qperating Ambient Temperature Range ~40 25 85 °c
IoH Output Current — High -24 mA
oL Output Current — Low 24 mA

1. Vi from 30% © 70% Vi see individual Data Sheets for devices that differ from the typical input rise and fall times.

2 Vip from 0.8 V10 2.0 V; see individual Data Sheets for devices that ciffer from the typical input rise and fall times.
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MC74AC244 MC74ACT244

DC CHARACTERISTICS
T4AC 74AC
Yee TA= .
Symbol Parameter V) Ta=+25°C —40°C 10 +85°C Unit Conditions
Typ Guaranteed Limits
ViH Minimum High Level 30 | 15 | 21 21 Vout=0.1V
Input Voltage 45 | 225 | 315 a.1s v orVeg -0V
55 275 | 3.85 3.85
viL Maximum Low Level 30 |15 o9 |- o9 VouT=041V
Input Voltage 45 | 225 | 1.35 1.35 v Ve =01V
55 275 | 1.65 1.65
VoH Minimum High Level 30 [299 ] 29 2.9 louT = ~50 A
Output Voltage 45 | 449 | 44 44 v
55 549 | 54 5.4
‘ ' ViN = Vi o Vi
3.0 2.56 246 Vv -12mA
45 3.86 3.76 IoH  -24mA
55 4.86 4.76 =24 mA
Vou Maximum Low Level 3.0 0002 01 0.1 louT = S0 pA
Output Voltage 45 0.001 0.1 0.1 v
5.5 0.001 | 0.1 0.1
VIN=Vi_or Vi
3.0 0.36 0.44 v 12mA
4.5 0.36 0.44 oL 24 mA
55 0.36 0.44 24 mA
Y] Maximum Input
Leakage Current 5.5 0.1 *1.0 RA Vi =Vgg. GND
loz Maximumn Vi (OE) = Vi, Vi
3-State ] 585 205 350, | _pA - |V=VcE.GND -
Current ) h Vo =Vge. GND
low tMinimum Dynamic 5.5 75 mA VoLD = 1.65 V Max
loHD Output Current 55 75 mA | VOHD = 3.85 V Min
Maximurn Quiescent
lec Supply Cumert ® 55 8.0 80 pA  |ViN=Vee or GND

* All outputs loaded; thresholds on input associated with output under test.
TMaximum test quration 2.0 ms, one output icaded at a time.
Ncu:lmlndlcc010V|rlgunmnmtobclessmnouquammcmpmlitmOs.svvcc.

=

FACT DATA

7




MC74AC244 MC74ACT244

AC CHARACTERISTICS (For Figures and Waveforms — See Section 3)

74AC 74AC
3 TA = —“’c
Symbol Parameter Vg;); 1‘;:.: ;gs'g to +85°C Unit F'N:
P CL=50pF
Min | Typ | Max | Min | Max
Propagation Delay 3.3 2.0 6.5 9.0 1.5 10.0
PLH Data to Output 50 | 15 [s0 |70 |10 [7s | ™ | %5
Propagation Delay 33 | 20 | 65 | 9.0 | 20 { 100
PHL Data to Output 50 | 15 |50 |70 |10 ]ss| ™ |
33 | 20 | 60 | 105 | 15 | 110
wZH Output Enable Time 50 |15 | s0 |70 |15 80| ™ | ¥
33 |25 | 75 J100 | 20 | 110
¥z, |OutputEnable Time 50 | 15 | 55 |80 |15 |es| ™ | %
) 33 [ 30 ]| 70 [100] 15 | 105
PHZ Output Disable Time 50 | 25 |65 [90 |10 |es| ™ | ¥
] 33 | 25 | 75 | 105 25 | s
Pz Output Disable Time s0 |20 |65 |90 |20 s | ™ | %
* Vottage Range 3.3 Vi$ 3.3 V0.3 V.
Vortage Range 5.0 Vis 5.0V 205 V.
DC CHARACTERISTICS
74ACT 74ACT
Yce Tas .
Symbol Parameter ) Ta = +25°C —40°C 10 +85°C Unit Conditions
Typ Guarsnteed Limits
ViH Minimum High Level 45 | 15 | 20 2.0 v VouT=0.1V
Input Voltage 55 1.5 20 20 oVec-0.1V
™ Maxirmum Low Level 45 | 15 | o8 0.8 v VouT=0.1V
Input Voltage 55 15 | 08 0.8 orVeg =01V
VOH Minimum High Level 45 | 449 | 44 44 v louT = -50 pA
Output Voitage 85 549 | 54 5.4
VIN = V) or Vi
45 3.86 3.76 v o -24mA
55 486 476 H o 2ama
VoL Maximum Low Level 45 10.001 | 01 ot v IoUT = 50 pA
Output Voitage 55 10001 01 0.1
VIN=V|Lor Vi
45 0.36 0.44 v o 24 mA
55 0.36 0.44 L 2ema
I Maximum |
IN Leakage Comant 55 0.1 1.0 WA |Vj=Vee. GND
Aleer Additional Max. lcc/input 55 0.6 1.5 mA Vi=Veg-21V
loz Maximum V1 (OE) = Vi, Vi
3-State 55 205 +5.0 HA Vi=Veg. GND
Current Vo =Vce. GND
oo tMinimum Dynamic 55 75 mA  |VoLp = 1.65V Max
'OHD Output Current 55 -75 mA  |Vawp = 3.85 V Min
lce Maximum Quiescent
Supply Current 85 8.0 80 A VIN = Vg or GND

* All outputs lcaded; thresholds on input associated with output under test.

1 Maximum test duration 2.0 s, one output loaded at a time.
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MC74AC244 MC74ACT244

AC CHARACTERISTICS (For Figures and Waveforms — See Section 3)

74ACT T4ACT
. o Ta =-40°C
Symbol Parameter vgg ? :;35 g to +85°C Unit :’:‘
L P C_=50pF -
Min | Typ | Max | Min | Max
Propagation Delay
tPLH Data to Output ) 50 | 20 65 9.0 15 | 100 ns 35
Propagation Delay
tPHL Data to Outout 5.0 20 7.0 9.0 15 | 100 ns 35
tpzH Output Enable Time 5.0 1.5 6.0 85 1.0 9.5 ns 37
tPzL Output Enable Time 5.0 20 7.0 9.5 1.5 | 105 ns 3-8
oMz Output Disabie Time 5.0 20 7.0 9.5 15 | 105 ns 3.7
oz Output Disabie Time 50 | 25 75 | 100 | 20 | 103 ns 38
* Voltage Range 5.0 Vis S.0V20.5V.
CAPACITANCE
Symbol Parameter V;;‘;‘ Unit Test Conditions
CiN Input Capacitance 45 pF Veg=5.0V
Cep Power Dissipation Capacitance 48 pF Vee=5.0V
79
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MC74AC244 MC74ACT244

_ _OUTLINE DIMENSIONS -
N SUFFIX
, — PLASTIC DIP PACKAGE
{=A} CASE 738-03 _
ISSUE E T BRBSIONNG 1D TOLEANGNG PER
n] I NGIY145M, 1982
] 2 CONTROLLNG M,
0 B 2 DRMENSION L TO CENTER OF LEAD WHEN
1 10 Y FORMED
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SEMICONDUCTOR TECHNICAL DATA by BC56ALTI/D
General Purpose Transistors B°855M-"'1-3'-T1
PNP Silicon BC8S7ALT1,
°°LL§CT°R BLT1,CLT1
BC858ALT1,BLT1,
= -~ PR TR - N c LT 1 )
BASE
Motorols Preferred Devices
2
MAXIMUM RATINGS
Rating Symbol | BC856 | BC857 | BC8S3 | Unit
Collector—Emitter Voitage Vceo | -65 45 =30 v
Collector-Base Voitage Veso -80 -50 -30 v
Emitter~Base Vottage Vego | 50 | -50 | -50 v
Collector Current — Continuous -100 -100 -100 mAde CASE 318-08, STYLE§
THERMAL CHARACTERISTICS SOT-23 (TO-236A8)
Characteristic i Symbol Max Unit
Total Device Dissipation FR-5 Board, (1) Pp
TA=25C 225 mw
Derate above 25°C 1.8 mwrC
Thermal Resistance, Junction to Ambient Reaua 556 ‘cw
Total Device Dissipation Pp
Alumina Substrate, (2) Ta = 25°C 300 mw
Derate above 25°C 24 mw/rC
Thermal Resistance, Junction to Ambient RgJA 417 ‘cw
Junction and Storage Temperature TJ Tstg | ~55104150 ‘C
DEVICE MARKING
BC8S56ALT1 = 3A; BC856BLT1 = 38; BC857ALT1 = 3E; BC8S7BLT1 = 3F;
BC8S7CLT1 = 3G; BC858ALT1 = 3J; BCB58BLT1 = 3K; BC858CLT1 = 3L

ELECTRICAL CHARACTERISTICS (Tp = 25°C unless otherwise noted)

rsmbol | Min |

| Characteristic Typ ' Max l Unit I
OFF CHARACTERISTICS

Collector~Emitter Breakdown Voltage BC856 Series Visr)ceo | 65 - - v
(ic =-10mA) BCB857 Series 45 - -
BC858 Series =30 - -

Collector~Emitter Breakdown Voitage BC856 Series VieRrces | S0 - - v
(lc==10 A, VEg = 0) BC857 Series -50 - -_
BC8S58 Series -30 - -—

Collector~Base Breakdown Voitage BC856 Serias Viericso | -80 - - v
(Ic = =10 pA) BC857 Series -50 - -
BC858 Series -30 - —

Emitter- Base Breakdown Voitage BC856 Series Viereso | -5.0 - - v
{ig ==-1.0 pA) BC857 Series -5.0 —_ -
BC858 Series -5.0 - _

Collector Cutotf Current (Vog = ~30 V) lceo . i -15 A

(VcB =-30 V, Ta = 150°C) - - —4.0 HA

1. FR=-5=21.0x0.75x0.062 in

Thermal Clad is a registered trademark of the Bergquist Company.
Preferred devices are Motorola recommended choices for futurs use and best overall vaiue.

81

2. Alumina = 0.4 x 0.3 x 0.024 in. 99.5% aiumina.
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BCB8S6ALT1,BLT1 BC857ALT1, BLT1,CLT1 BC858ALT1,BLT1,CLT1

ELECTRICAL CHARACTERISTICS (T4 = 25°C unless otherwise noted) (Continued)

r Characteristic [ Symbol [ Min ] Typ j Max I Unit j
ON CHARACTERISTICS
DOC Current Gain BC8S6A, BC857A, BCS85A hgg - S0 - -
(lc==-10pA VCE=-5.0V) BCBS6A, BC8S7A, BC3S8A - 150 -
BC8S7C, BC858C - 270
(I =-2.0mA, Vg =-5.0V) BCB56A, BCSSTA, BC8S8A 125 180 | 250
BC856B, BC8S7B, BC8S8B 220 2% 475
BC857C, BC8ssC 420 520 800
Collector~Emitter Saturation Voitage VCe(sat) v
(Ic ==10mA, Ig = ~0.5 mA) - - | -03
(Ic = =100 mA, Ig = ~5.0 mA) - - | 085
Base ~Emitter Saturation Voitage VBE(sat) v
(lc==-10mA, Ig = ~0.5 mA) -— 0.7 -—
(Ic = =100 mA, Ig = ~5.0 mA) . -— 0.9 -— .
Base—Emitter On Voltage T R ‘Vegwn) | ' v
(g =~20mA, Vog =-5.0 V) -0.6 - | 075
(ic ==10mA, Veg = -5.0V) - -~ | 082
SMALL-SIGNAL CHARACTERISTICS
Current-Gain — Bandwidth Product , fr 100 -_ - MHz
(ic = =10 mA, Vcg = 5.0 Vde, f = 100 MHz)
e i Cob - - 45 pF
(Veg==-10V,{= 1.0 MHz)
Noise Figure NF -— —_ 10 a8
(ic = =02 mA, Vog = -5.0 Vde, Rg = 2.0k,
f 1.0 kHz, BW = 200 Hz)

22
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BC8S6ALT1,BLT1 BC857ALT1, BLT1,CLT1 BC858ALT1,BLT1,CLT1

BC857/BC858
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> <03
A
w 03 =02 Pz
* < Vet ¢ =1
N
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Figure 1. Normalized DC Current Gain
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Figure 5. Capacitances
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Figure 2. “Saturation” and “On” Voltages
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Figure 4. Base—-Emitter Temperature Coefficient
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Figure 6. Current-Gain ~ Bandwidth Product
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BC8S6ALT1,BLT1 BC857ALT1, BLT1,CLT1 BC858ALT1,BLT1,CLT1

BC856
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BC856ALT1,BLT1 BC857ALT1, BLT1,CLT1 BC858ALT1,BLT1,CLT1
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Figure 13. Thermal Response
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BC856ALT1,BLTt BC857ALT1, BLT1,CLT1 BC858ALT1,BLT1,CLT{
INFORMATION FOR USING THE SOT-23 SURFACE MOUNT PACKAGE

MINIMUM RECOMMENDED FOOTPRINT FOR SURFACE MOUNTED APPLICATIONS

Surface mount board layout is a critical portion of the total
design. The footprint for the semiconductor packages must
be the correct size to insure proper solder connection

interface between the board and the package. With the
correct pad geometry, the packages will self align when
subjected to a soider reflow process,

—_ og7
124 L 0%
0.95
Il I
|
| ]
L]
2.0
0035 __._______i_
0.9 I
Josml (e
03 ™y
SOT-23
SOT-23 POWER DISSIPATION

The power dissipation of the SOT-23 is a function of the
pad size. This can vary from the minimum pad size for
soldering to a pad size given for maximum power dissipation.
Power dissipation for a surface mount device is determined
by TJ(max). the maximum rated junction temperature of the
die, RgJA, the thermal resistance from the device junction to
ambisnt, and the operating temperature, Ta. Using the
values provided on the data sheet for the SOT-23 package,
Pp can be caiculated as follows:

TJ(max) = TA

P
0= Reua

" The values for the squation are found in the maximum
ratings table on the data sheet Substituting these values into
the equation for an ambient temperature Tp of 25°C, one can

calculate the power dissipation of tho device which in this

case is 225 milliwatts.

150°C - 25°C

556 CW = 225 milliwatts

Pp=

The 556°CW for the SOT-23 package assumes the use
of the recommended footprint on a glass epoxy printed circuit
board to achieve a power dissipation of 225 milliwatts. There
are other alternatives to achieving higher power dissipation
from the SOT-23 package. Another altemative would be to
use a ceramic substrate or an aluminum core board such as
Thermal Clad™. Using a board material such as Thermal
Clad, an aluminum core board, the power dissipation can be
doubled using the same footprint.

SOLDERING PRECAUTIONS

The melting temperature of soider is higher than the rated
temperature of the device. When the entire device is heated
10 a high temperature, failure to complete soldering within a
short time could result in device failure. Therefore, the
following items should always be observed in order to
minimize the thermal stress to which the devices are
subjected.

Always preheat the device.

The deita temperature between the preheat and
soidering should be 100°C or less.”

When preheating and soldering, the temperature of the
leads and the case must not exceed the maximum
temperature ratings as shown on the data sheet When
using infrared heating with the reflow soldering method,
the difference shall be a maximum of 10°C.

The soldering temperature and umc shall not cxceed
260°C for more than 10°seconds.

When shifting from preheating to soldering,
maximum temperature gradient shall be 5°C or less.
After soldering has been completed, the device should
be allowed to cool naturally for at least three minutes.
Gradual cooling should be used as the use of forced
cooling will increase the temperature gradient and result
in latent failure due to mechanical stress.

Mechanical stress or shock should not be applied during
cooling.

the

* Soldering a device without preheating can cause excessive
thermal shock and stress which can result in damage to the
device.
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BC856ALT1,BLT1 BC857ALT1, BLT1,CLT1 BC858ALT1 ,BLT‘IA,CLT'I

PACKAGE DIMENSIONS
A 1. Dﬂmwwmm
L e YIS, 1982
AP ; -
3 MAXIMUM LEAD TMICKNESS INCLUDES LEAD
f PINISH THICKNESS. MINIMUM LEAD THICKNESS
! B S EAMWWOFN&
] TERAL
JU T e
v G —1 AR
BT AT
18 1‘ !ﬂ
ook
. TANTANTE
' 0 1. 204
h § 0 | 0013 01_;‘;_
oo [ oges [ 01
A
o L wd b gL o3 AETENT
STNES:
PN1. BASE
2 BMITTER
CASE 318-08 3 couseTon
ISSUE AE
SOT-23 (TO-236AB)
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. Motorota reserves the rigiht 1o make changes without further notice 10 any products herein. Motorola makes NO wamanty, representation of guarantes regarding
i the suitability ot ts products for any particular purpose, nor does Motorola assume any kability arising out of the appiication or use of any product or circuit,
i and specifically disclaims any and al liability, inchuding without limitation consequential or incidental damages. “Typical” parameters can and do vary in Giflerent
apphcations. All operating perameters, including “Typicals” must be validated tor sach customer application by customer’s technical experts. Motorola does
i not convey any icense under its patent rights nor the rights of others. Motorola products are not designed, intended, or authorized for use as components in
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the Motoraia oraduct could create a situation whers personal injury or death may occur. Shoukd Buyer purchase or use Motorola products for any such
uninenced or unauthorized application, Buyer shall indemnify and hoid Motorola and its officers, empioyees, subsiiaries, affiliates, and distributors harmiess
against all claims, costs, camages, and expenses, and reasonabie atiomey fees arising out of, directly or indirectly, any claim of personal injury or death
associated with such unintended or unauthorized use, sven if such claim alleges that Motorola was negligent regarding the design or manufacture of the part.
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MOTOROLA

SEMICONDUC T O R 1

TECHNICAL DATA

225 mW SOT-23

Zener Voltage Regulator Diodes
GENERAL DATA APPLICABLE TO ALL SERIES IN

THIS GROUP
Zener Voltage
“Regulator Diodes

Manutacturing Locations:

WAFER FAB: Phoenix, Arizona
ASSEMBLY: Seremban, Malaysia
TEST: Seremban, Malaysia

MAXIMUM CASE TEMPERATURE FOR SOLDERING

PURPOSES: 260°C for 10 seconds

THERMAL CHARACTERISTICS
Characteristic Symbo! Max Unit CASE 31807, STYLE 8
Total Device Dissipation FR-5 Board,” Po 225 mw $OT-23 (T0-236AB)
PLASTIC
Ta=25°C
Derate above 25°C 1.8 mwrC
Thermal Resistance Junction to Ambient Rgya 556 ‘CW
Total Device Dissipation Pp 300 mw
Alumina Substrate,” Ty = 25°C
Oerate above 25°C 24 mwrC
Thermal Resistance Junction to Ambient RauA 417 °‘cw
Junction and Storage Temeprature T Tsﬂ 150 °C
FR421.0x07520.82in
~ALsming = 0.4 1 0.3 x 0.024 in. 99.5% akumina.
89
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GENERAL DATA — 225 mW SOT-23

TYPICAL CHARACTERISTICS
g i T T T g™ :
2 [ TYPICAL TG VALUES T | TYReALTCVALUES —-
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Figure 1. Temperature Coefficients Figure 2. Temperature Coefficients
(Temperature Range -55°C to +150°C) (Temperature Range -55°C to +150°C)
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Figure 3. Effect of Zener Voltage on Figure 4. Typical Forward Voitage
Zener [mpedance
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GENERAL DATA — 225 mW SOT-23

TYPICAL CHARACTERISTICS
e —————— —_— :
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Figure 5. Typical Capacitance Figure 6. Typical Leakage Current
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GENERAL DATA — 225 mW SOT-23

ELECTRICAL CHARACTERISTICS (Pinout: 1-Anode, 2-NC, 3-Cathode) (Vg = 0.9 V Max @ I = 10 mA for all types.)

Zener
Test Voltage rr
Current Vz (£5%) ZzK Iz=lz7 Max
Izr Nominal Iz=025mA | @ 10% Mod IR e VR
Device Marking mA (Note 1) Q Max Q Max HA v
MMBZ5221BLT1 18A 20 24 1200 30 100 1
MMBZ52228LT1 188 20 25 1250 30 100 1
MMBZ52238LT1 18C 20 27 1300 ) 75 1
MMBZ5224BLT1 180 20 2.8 1400 30 75 1
MMBZ5225BLT1 18E 20 3 1600 29 50 1
MMBZ5226BLT1 8A 20 33 1600 28 25 1
MMBZ5227BLT1 88 20 as 1700 24 15 1
MMBZ5228BLT1 8C 20 a9 1900 23 10 1
MMBZ5229BLT1 8D 20 43 2000 2 5 1
MMBZ5230BLT1 8E 20 47 1900 19 5 2
MMBZ52318LT1 8F 20 rX] 1600 17 5 2
MMBZ52328BLT1 8G 20 56 1600 1 5 3
MMBZ5233BLT1 8H 20 6 1600 7 5 35
MMBZ5234BLT1 8J 20 6.2 1000 7 5 4
MMBZ52358LT1 8K 20 6.8 750 5 3 5
[ MMBZ52368LT1 8L 20 75 500 s 3
MMBZ5237BLT1 8M 20 82 500 8 3 65
MMBZ5238BLT1 8N 20 8.7 600 8 3 6.5
MMBZ52388LT1 8P 20 9.1 600 10 3 7
MMBZ52408LT1 80 20 10 17 3 8
MMS25241BLT1 T 20 " 600 2 2 84
MMBZ52428LT1 8s 20 12 600 30 1 9.1
MMBZ5243BLT1 8T 9.5 13 §00 13 05 9.9
MMBZ5244BLT1 8u 9 14 600 15 0.1 10
MMBZ52458LT1 av 8.5 15 600 16 0.1 1
MMB252468LT1 W 7.8 16 00 17 0.1 12
MMBZ5247BLT1 X 74 17 600 19 0.1 13
MMBZ5248BLT1 8y 7 18 600 21 0.1 14
MMBZ52498LT1 8z 6.6 19 §00 2 0.1 14
MMBZ52508LT1 81A 6.2 20 §00 25 0.1 15
 MMBZS251BLT1 818 56 2 600 — 29 0.1 17
MMBZ52528BLT1 81C .52 - -2¢ -], -s00. . << TN PR K S - 18
MMBZ52538LT1 810 5 25 800 35 0.1 19
MMBZ52548LT1 81E 4.5 27 600 41 0.1 21
MMBZ5255BLT1 81F 45 28 600 a4 0.1 21
[ MMBZ52568LT1 381G 42 30 500 29 0.1 23
MMBZ52578BLT1 81H 3.8 33 700 58 0.1 25
MMBZ5258BLT1 81y 34 36 700 70 0.1 27
MMBZS2598LT1 81K 32 39 800 80 0.1 30
MMBZ52608LT1 18F 3 43 800 93 0.1 33
MMBZ52618LT1 3IM 27 ry; 1000 105 0.1 36
MMBZ52628LT1 81N 25 51 1100 125 0.1 a9
MMBZ5263BLT1 81P 22 56 1300 150 0.1 43
MMBZ5284BLT1 810 2.1 50 1400 170 0.1 46
MMBZ52658LT1 81R 2 82 1400 185 0.1 47
| MMBZ5266BLT1 815 18 68 1600 230 0 32
MMBZ5267BLT1 81T 1.7 75 1700 270 0.1 56
MMBZ5268BLT1 81y 15 82 2000 330 0.1 62
MMBZ52693LT1 B1v 14 87 2200 a7 0.1 68
MMBZ527038.T1 81W 1.4 21 2300 400 0.1 69

NOTE 1. Zener vokage i measured with a puise test current (I77) agpiied at an amdient temperature of 25°C.
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GENERAL DATA — 225 mW SOT-23

Zener Voltage Regulator Diodes — Surface Mounted
500 mW SOD-123

_.{ oo |
e A 0.0%
pt— C —}
—aet— H ?
= =z
28 A |
b '
2.3
K B r'— —_—
0.083
4.19 _-‘ LU
I 0.165 inches
— __!.
2 ﬁ_}_ﬁ SOD-123 Footprint
—»{ D e J—‘“‘-
L MULLMETERS | INCIES )
' | Do ["wow | wax | W ] wax
1. DIMENSIONNG AND TOLERANGING PER ANS! A_| 101 10 0085 | 01
YI4SM, 1982 3 100 | 0.2
2 CONTROLLING DIMENSION: INCH. 135 | 0697 | 0293
3. 42501 THRU <3 OBSCLETE. NEW STANCARD 0.0 _g%_!&
42504, - X -
.00 0.10 | 0.000 | 0.304
S = [ ow] = o
X 13 040 | o1&
CASE 425 STREL:
PLASTIC Pa 1. CATHO0E

(Refer to Section 10 for Surface Mount, Thermal Data and Footprint information.)
MULTIPLE PACKAGE QUANTITY (MPQ)

REQUIREMENTS
Package Option Type No. Suffix MPQ (Units)
Tape and Reel T1(1) 3K
Tape and Reel 73(2) 10K

NOTE: 1. The numbers on the suffixes ncicale the following:
1. 7" Reel. Cathode lead toward sprocket hole.
2. 13" Reel. Cathode lead toward sprocket hole.

{Refer to Section 10 for more information on Packaging Specifications.) . . .
Motoroia reserves the right 1o make changes without further notice to any products hersin. Motorola makes no warranty, representation of guarantee regasding
the suitability of ks products for any particutar purpcse, nor does Motorola assume any kabiity arising out of the application or use of any product or ciruit,
and specifically disclaims any and all fiability, including without mitation consequential or incidental damages. “Typical” parameters can and do vary in difierent
applications. All operating parameters, including “Typicals® must be validated for sach customer application by customer's technical experts. Motoroia does
not convey any ficense under its patent rights nor the rights of athers. Motorola products are not designed, intended, or authorized for use as components in
systems intended for surgical implant into the body, or other applications intended to support or sustain life, or for any other application in which the fadure of
the Motorola product could create a situation where personal injury or death may occur. Should Buyer purchase or use Motorola products for any such
unintended or unauthorized application, Buyer shal indemnify and hokd Motorola and its officers, empioyees, subsidiaries, affiliates, and distributors harmiess
against all claims, costs, damages, and expenses. and reasonabie attomey fees arising out of, directly or indirectly, any claim of personal injury or death
associated with such unintended or unauthorized usa, even i such claim alleges that Motorola was negiigent regarding the design or manufacture of the Jart.
Motoroia and *% are registered trademarks of Motoroia, Inc. Motorola, inc. is an Equal Opportunity/Affirmative Action Employer.

Litersture Distribution Centers:

USA: Motorola Literature Distribution; P.O. Box 20912; Phosnix, Arizona 85036.

EUROPE: Motorola Lid.; European Literature Centre; 88 Tanners Drive, Blakelands, Milton Keynes, MK14 SBP, England.

JAPAN: Nippon Motorola Ltd.; 4-32-1, Nishi-Gotanca. Shinagawa-ku, Tokyo 141, Japan.

ASIA PACIFIC: Motorola Semiconductors M.K. Lid.; Siicon Harbour Center, No. 2 Dai King Street, Tai Po Industrial Estate, Tai Po, N.T., Hong Kong.
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Order this document by MC34063A/D

@ MOTOROLA R
DC-to-DC Converter
Control Circuits DC~to-DC CONVERTER
CONTROL CIRCUITS
The MC34063A Series is a monolithic control circuit containing the
primary functions required for DC~to~DC converters. These devices consist SEMICONDUCTOR
of an intemal temperature compensated reference, comparator, controlled TECHNICAL DATA
duty cycle oscillator with an active current limit circuit, driver and high current
output switch. This series was specifically designed to be incorporated in
Step-Down and Step-Up and Voltage—inverting applications with a
minimum number of extemmal components. Refer to Application Notes
ANS20A/D and ANS54/D for additional design information.
® Operation from 3.0 V to 40 V Input
® Low Standby Current :
¢ Current Limiting !
. P, P1 SUFFIX
¢ QOutput Switch Currentto 1.5 A PLASTIC PACKAGE
¢ QOutput Voltage Adjustable CASE 626
¢ Frequency Operation to 100 kHz
* Precision 2% Reference
R
1
D SUFFIX
PLASTIC PACKAGE
CASE 751
(S0-9)
PIN CONNECTIONS
Representative Schematic Diagram Switch [~ o g | Driver
Colector Collector
__________ - Switch 7
i 3] g Swich Emter | 2 7] csose
Cobector | | Collector Teri
ming 6
] e | | Capacior L2 Vee
I . ol 6nd E 5] Comearater
Ik 7! 100 ! Inputmg
Sonse °T' | 3 swich
| I Emitter (Top View)
[ osSer T |
gl | I ORDERING INFORMATION
v L1 o Timing -
°°°'1| Comparator | Capacior _ oo |.. Openting | -
I 128V I Device Temperature Range| Package
I Roferwrce | | MC33063AD S0-8
| Requater | | TA = - 40° 10 +85°C
Comparator 5 | ] 4 MC33063AP1 Plastic DIP
inverting &7 ™ Gnd
T 4 MC33063AVD Tan 40" 0 4125°C SO-8
(Bottom View) MC33063AVP| * Plastic OIP
MC34063AD SO-8
This device contains 51 active transistors. Ta=0°to +70°C
MC34063AP1 Plastic DIP
95 © Motorola, Inc. 1996 Revs



MC34063A MC33063A
MAXIMUM RATINGS

Rating Symbol Value Unit
Power Supply Voitage Vee 40 Vde
Comparator Input Voitage Range VIR ~0.3t0+40 | Vde
Switch Collector Voitage VC(switch) 40 Vde
Switch Emitter Voltage (Vpin 1240V) -~ - | VE(swich) |- 400 | Vee| - -
Switch Collector to Emitter Voltage VCE(switch) 40 Vde
Driver Collector Voitage VC{driver) 40 Vde
Oriver Collector Current (Note 1) Ic(driver) - 100 mA
Switch Current Isw 15 A

Plastic Package, P, P1 Suffix

TaA=25C Pp 125 w
Thermal Resistance Rgya 100 ‘oW
SOIC Package, D Suffix
Ta=25C Pp 625 w
Thermal Resistance RaJA 160 ‘W
Operating Junction Temperature Ty +150 °C
Operating Ambient Temperature Range TA c
MC34063A 0to+70
MC330683AV ~40t0 +125
MC33063A -401t0 +85
Storage Temperature Range Tstg -6510 +150 c
NOTES: 1. Maximum package power dissipation limits must be observed.
2. ESD data availabie upon request.

ELECTRICAL CHARACTERISTICS (VGG = 5.0V, Ta = Tiow 10 Thigh [Note 3], unless otherwise specified.)

| Characteristics | symbol | Min | Typ | Max [ Unit J
OSCILLATOR
Frequency (Vpin s =0V, CT = 1.0 nF, T = 25°C) fosc 24 k<! 42 kHz
Charge Current (VGG = 5.0 V10 40 V, Tp = 25°C) g 24 3s 42 pA
Discharge Current (VoG = 5.0 V10 40 V, Ta = 25°C) Igischg 140 | 220 | 260 A
Discharge to Charge Current Ratio (Pin 7 to Vo, TA = 25°C) lgischgllchg | 52 6.5 7.5 -
Current Limit Sense Voitage (Ichg = lgischg. TA = 25°C) Vipk(sense) | 250 | 300 | 350 mv
OUTPUT SWITCH (Note 4)
Saturation Voitage, Dartington Connection (Note 5) - VCE(sat) - 1.0 1.3 v
(Isw = 1.0 A, Pins 1, 8 connected)
Saturation Voltage, Darlington Connection VCE(sat) - 0.45 0.7 v
(lsw = 1.0 A, Rpin 3 = 82 Q to Vo, Forced § = 20)
DC Current Gain (Igw = 1.0 A, VoE = 5.0 V, Ta = 25°C) hee 50 75 - -
Collector Oft-State Current (Vcg = 40 V) ic(oth) - 0.01 100 pA

NOTES: 3. Tigw = 0°C for MC34063A, -40°C for MC33063A, AV Thigh = +70°C for MC34063A, +85°C for MCI3063A, +125°C for MC33063AV

4, Low duty cycie puise techniques are used during test 10 maintain junction temperature as close to ambient temperature as possidie.

S. If the output switch is driven into hard saturation (non-Darlington configuration) at low switch currents (S 300 mA) and high driver currents (2 30 mA),
it may take up to 2.0 us for it to come out of saturation. This condition will shorten the off time at frequencies 2 30 kHz, anc is magnified at high
temperatures. This condition does not occur with a Darington configuration, since the output switch cannot saturate. f a non=Dadington
configuration is used, the following output drive condition is recommended:

. IC output
w’dwmﬁ.mZ 10

“The 100 Q resistor in the emitter of the driver device requires about 7.0 MA before the output switch conducts.

. 96
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MC34063A MC33063A
ELECTRICAL CHARACTERISTICS (continued) (VCe = 5.0V, Ta = Tiow 10 Thign (Note 3], uniess otherwise spacified.)

Characteristics | symboi ] Min [ Typ [ Max ] Unit ]
COMPARATOR
Threshoid Voltage Vth v
TA=25C 1225 | 125 | 1.275
TA=Tiow 0 Thigh 121 - 129
Threshold Voltage Line Regulation (Voc = 3.0 Vo 40 V) Regline mv
MC33063A, MC34063A - 1.4 5.0
MC33383AV - 1.4 6.0
Input Bias Current (Vi = 0 V) ; s - -20 -400 nA
TOTAL DEVICE
Supply Current (Vo = 5.0 V1040V, CT=1.0nF, Pin7=sVee,. . icc.. b = | = 40 | mA
Vpin 5> Vih, Pin 2= Gnd, remaining pins open) - ' h h

NOTES: 3. Tigw = 0°C for MCI4063A, =40°C for MC33063A, AV Tw..m-csammus'cumnzs-cumv

4. Low duty cycie puise techniques are used during test 10 maintain unction temperature as ciose 1o ambient temperature as possdie.

S, ¥ the output switch is driven into hard saturation (non-Dartington configuration) at low switch currents (< 300 mA) and high driver currents (2 30 mA),
1t may take up 10 2.0 us for it to come out of saturation. This condition will shorten the off time at frequencies 2 30 kHz, and is magnified at high
temperatures. This condition does not occur with a Dartington configuration, since the output switch cannot saturate. If a non-Darlington
configuration is used, the following output drive condition is recommended:

IC output
pof ot 'lcorlvor-ZOmA'zm
“The 100 Q resistor in the emitter of the driver device requires about 7.0 mA before the output switch conducts.

Figure 1. Output Switch On—Off Time versus

Oscillator Timing Capacitor Figure 2. Timing Capacitor Waveform
E’MW
3 500 VeesS0V
g Pﬁ-Vcc us.l
v 20— pn5uGad 2
S 100 Tan2S'C §
5§ o m
5 [LXP— 8
£ 2 : 3

1)

= 10 i 4 g
g 50 . 3 T 3
3 2SS =g :
3 20 ! >
£ w0 L

00t 002 005 01 02 05 10 20 50 10
C. OSCILLATOR TIMING CAPACITOR (nF)
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VCE(sat). SATURATION VOLTAGE (V)

ViPK(sensa)- CURRENT LIMIT SENSE VOLTAGE (V)

MC34063A MC33063A

Figure 3. Emitter Follower Configuration Output
Saturation Voltage versus Emitter Current

1.8
L~

1.7 —

ol /'
15

—
14
13 Yog=50V
12 s1,7,8=Vog—
s 3,5=Gnd

1.1 a=25°C -

0 {See Nots 4)
1.

0 02 04 06 08 1.0 12 14 16

I, EMTTER CURRENT (4

Figure 5. Current Limit Sense Voitage
versus Temperature

Vegs50V

[ leng = ldiscng

SBREHELE S

53 8

-25 0 F-] S0 75 100 1235

Th, AMBIENT TEMPERATURE (°C)

VCE(sat), SATURATION VOLTAGE (V)

1. SUPPLY CURRENT (mA)

SR ER&

16

Figure 4. Common Emitter Configuration Output
Switch Saturation Voltage versus
Collector Current

| Carincton Conrecs
"]
»
- Veg=50V o
L P7aVoo =
| Pins2,3,52Gnd A FocsdBa20
Ta=25°C o
- (See Note 4) //
=1
A
0 02 04 0§ 08 10 12 14 18

Ic, COLLECTOR CURRENT(A)

Figure 6. Standby Supply Current versus
Supply Voitage

Cr=10nF
Pn7aVee
Pn2=Gnd

3

0 50 10 15 20 25
Vg, SUPPLY VOLTAGE (V)

NOTE: 4. Low duty cycle puise techniques are uses during test to maintain junction temperature as Ciose to ambient temperature as possible.
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MC34063A MC33063A

Figure 7. Step—Up Converter
170 uH
ingagh
L
r—-——————————- a
8l 11
10 | |
20 T |
: AR Q1 I
7l [,
: 1}* 'l Y, NS319
Rsc Cr
o2f | o s
Vin 8 v _‘l__l
12V 1+ e | &
™ | wIaE
= Ref >
pF
sl | I
. 4 = 1.0 uH
R2 Vout o v
A 0 28VATS mA
a7k ' ’ L™
R1 izz k :mj-:- o T 100
o ) . Optonal FRar -
Test Conditions Resuits
Line Regulation Vin=8.0Vio16V,lg= 175 mA 30 mV = 0.05%
Load Regulation Vin=12V,l0=75mAto 175 mA 10mV =£0.017%
Output Ripple Vin=12V,lg=175mA 400 mVpp
Efficiency Vin=12V,ig =175 mA 87.7%
Output Ripple With Optional Filter Vin=12V,ig =175 mA 40 mVpp
Figure 8. External Current Boost Connections for Ic Peak Greater than 1.5 A
8a. External NPN Switch 8b. External NPN Saturated Switch

(See Note §)

NOTE: S.if the output switch is driven into hard saturation (non-Darlington configuration) at low switch currents (< 300 mA) and high driver currents
(230mA).ilrnayukwptoZ.Ouslocommnotamnﬁon.miseondiﬁonwﬂlshomnmcﬂtimeltfrequcndeszsomz. and is magnied
at high temperatures. This condition does not occur with a Dartington configuration, since the output Switch cannot saturaie. If a non—Dariingron
configuration is used, the following output drive condition is recommended.
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MC34063A MC33063A

Figure 9. Step-Down Converter

T T T T T T i
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AAA~ -0 .l v
38k + _L¢ out
R1§12k mTco Iwo
) ) Optonal Fiter
Test Conditions Resuits
Line Reguiation Vin=15Vio 25V, 1o =500 mA 12mV =20.12%
Load Reguiation Vin =25V, g = 50 mA to 500 mA 3.0 mV = +0.03%
Output Ripple Vin = 25V, i = 500 mA 120 mVpp
Short Circuit Current Vin=25V,R =0.1Q 1A
Efficiency Vin=25V,lg =500 mA “l837%
Output Ripple With Optional Fiiter Vin=25V, o = 500 mA 40 mVpp

Figure 10. External Current Boost Connections for ic Peak Greaterthan 1.5 A

10a. External NPN Switch

10b. External PNP Saturated Switch

[ o]
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MC34063A MC33063A

Figure 11. Voitage Inverting Converter

Fr—— e em——— a
8] 11
| I
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Al | ™ O |
024 I Osc | <
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1 | 125V | * 1500 ﬂ
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TPy . J4 1.0 uH
R Vout 3
‘g; < -1zvnooon——4‘""\-I—o Vou
miszk 1000 pf 4-;::0 2 100
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Test Conditions Results
Line Regulation Vin=4.5V10 6.0V, =100 mA 3.0mV=20.012%
Load Regulation Vin=5.0V,lg =10 mAto 100 mA 0.022 V = £0.09%
Output Rippie Vin= 5.0V, g =100 mA 500 mVpp
Short Cireuit Current Vin= 5.0V, R =0.10Q 910 mA
Efficiency Vinu 5.0V, lg= 100 mA §2.2%
Output Rippie With Optional Filter Vin=5.0V, 1o =100 mA 70 mVpp

Figure 12. External Current Boost Connections for Ic Peak Greater than 1.5 A

12a. External NPN Switch

12b. External PNP Saturated Switch
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MC34063A MC33063A

Figure 13. Printed Circuit Board and Component Layout
(Circuits of Figures 7, 9, 11)

INDUCTOR DATA

Converter Inductance (uH) Turns/Wire
Step-Up 170 38 Tums of #22 AWG
Step~-Down 220 48 Tumg of #22 AWG
Voltage-inverting 88 28 Tums of #22 AWG

All inductors are wound on Magnetics Inc. 55117 toroidal core.
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MC34063A MC33063A

. Figure 14. Design Formuia Table- - - -..

Calculation Step-Up Step—-Down Voltage—inverting
ton/toft Vout * VE = Vin(min) Vot + Ve Vol + Vg
Vin(min) ~ Vsat Vinmin) = Vsat = Yout Vin = Vsat
(ton + tor) 1 1 1
1 f 1
toft ton + ton ton + tor ton + to
-t-t°-'1 +1 ?”- + 1 :—9"- +1
off oft ot
ton {ton + toft) ~ tott (ton + toft) = toft {ton + toff) = loft
cr 40x10~5t4n 40x10"5 190 40x10°5 1t
Ipk(switch) ton
_ 2 outimax) (“; + 1) 2 outimax) 2 o timax) (G + 1)
Rec 0.3pk(switch) 0-3pk(switch) 0.3Mpk(switch)
Hin) ((Vin(min) - Vsax)) . (("in(nin) = Veat = "'out)) . (Nh(nin) - vsat)) .
Tokawicn) ) 0™ 'okiswitch) onimax) Iok(switen) | ™)
% g ouon ‘pitswitcn)'on *+ o) g -outon
Vripple(pp) &V iopie(op) Vripple(pp)

Vgat = Saturation voltage of the output switch.

Vg = Forward voitage drop of the output rectifier.

The foliowing power supply characteristics must be chosen:
Vin = Nomingl input voltage.

Vou = Desined output voltage, Vol = 128 (1 + %)
Loyt = Desired output current.

frmin ~ Minimum desired output switching

ing frequency at the selected values of Vin and 0.

vw)~mpuk-n-puxmwvom.mm.mmmﬁwmwmnummmwmmmm
mammummwmgomummamummumdnayaﬁummmmmm
NOTE: For further information refer to Appiication Note ANG20A/D and ANSS4/D.
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MC34063A MC33063A

OUTLINE DIMENSIONS
P, P1 SUFFIX
PLASTIC PACKAGE
CASE 62605
ISSUEK
LA
] s ,
D B mouome
%‘ tl[’ ﬁ‘] 2 :O&ﬁmmmmou
__H__ | Y mmam AND TOLERANCING PER ANS)
NOTE2 e—{=A=}— ' L ™
.10
[ 1T 1 / \ >
l ] i c 2
. J ¥
= IEE 2
e - L
-0 Lk M-~ ——

G
B2 013005 @[T A® | 8®)]

D SUFFIX
PLASTIC PACKAGE
CASE 751-05
(SO-8)
ISSUE P
NOTES:
1. DMENSIONING AND TOLERANCING PEA
— pre~pipyivirioy
2 CONTAOLLING DMENSION: MLLINETER,
1 DMENSIONS A AND B 0O NOT INCLUOE
MOLD PROTAUSION.
P 4 MAXMUM MOLD PROTRUSION 0.15 (0.506)
PER SIOE.
(@] 025(0010®]| & @] £ DIMENSION D DOES NOT INCLUDE DAMBAR
PROTRUSION. ALLOWABLE DAMBAR
PROTAUSION SUAL B 0127 (00) TOTAL
- ¥ EXCESS OF THE D DMENSION AT
MAXIMUM MATERIAL CONDITION.

—_{c -“——qu'/J L.
= PP (0,

[o] 0250.010@[T[e O[AD)]
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