


































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































TSC426/427/428

APPLICATION NOTE 25

By limiting the current injected into the TSC426 output when
the output is above the positive power supply latch up is
avoided. The limiting current is:

1< _ Ve
R2 Il RONP

where:

RONP = ON resistance of P channel device. (15 ohms
maximum)

Vge = Qg base emitter turn on voltage.
(Approximately 0.6 V)

R2 = Bulk resistance

Assuming the ON resistance dominates, the current should
be limited to 40 mA. A similar analysis with the output below
ground indicates the current pulled out of the TSC426 out-
put should be limited to 60 mA. The maximum allowable
latch current is temperature sensitive. At high chip tempera-
ture the base emitter voltages are reduced. A 1°Crise lowers
VBE by 2.2 mV.

Current limiting with a series output resistor may not be
practical in all systems. The output rise and fall times may
increase. An alternate solution uses iow forward voltage
output clamp diodes to bypass the SCR trigger current
around the device.

External output clamp diodes prevent the TSC426 output
from being pulled far enough outside the power supply
range to turn on the parasitic SCR. (See Ap Note 31)

Vee MAKE CONNECTIONS CLOSE

T/_Tonzwcs PINS

SCHOTTKY DIODES

MAKE CONNECTIONS
CLOSE TO DEVICE PINS

INPUT
o O OUTPUT

MINIMIZE LEAD
LENGTH TO
£ POWER MOSFET

TIE UNUSED INPUT TO GROUND

Figure 4: Diode Output Clamp Prevents SCR Action.

The external diodes must have a lower forward on base to
emitter voltage than the parasitic transistor junctions.
Schottky small signal diodes are suitable. Several possible
types are:

e Hewlett Packard: P/N 5082-2303

® Motorola: P/N MBR120P

® Varo: P/N VSB52 (Four diode bridge)

To be effective the output clamp diodes must be connected
close to the output, supply and ground device pins.

STRAY INDUCTANCE IN POWER SUPPLY

V=18V

ASSUME:
Alg=08A
At =20ns

i L

di 5,06
L= )9 =15 V!

AV=Lg=50 (107 ) 5o

STRAY INDUCTANCE IN POWER SUPPLY CAN CAUSE VOLTAGE AT V*

TO EXCEED ABSOLUTE MAXIMUM RATING. SOLUTION IS TO BYPASS

SUPPLY AS CLOSE TO PINS 6 & 3 AS POSSIBLE.

Figure 5: Stray Supply Lead Inductance Can Decrease
Reliability.

0.1 uf
MONOLITHIC CAPACITOR

TIE UNUSED INPUTS
TO GROUND

NOTES:
1. LOW INDUCTANCE 0.1 uf CERAMIC DISK OR MONOLITHIC CAPACITORS
2. BYPASS AS CLOSE TO PIN 6 & 3 AS PHYSICALLY POSSIBLE

3. REMEMBER: UNUSED INPUTS SHOULD BE GROUNDED!

4. BYPASSING IS IMPORTANT!

Figure 6: Suggested Bypass Procedure.

VinO- VWA DS0026

Figure 7: TSC426 Has CMOS Inputs. Speedup
Capacitors Are Not Required.
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TSC426/427/428 SYSTEM
DESIGN PRACTICE

TSC426/427/428

Supply bypass capacitors must also be connected between
Ve (Pin 6) and Ground (Pin 3). Connections must be close
to the actual device pins (approx. 0.5"”). A 0.1 uf ceramic disk
capacitor in parallel with a 1 uf low ESR film capacitor is
suggested. Without supply bypassing, power supply lead
inductance can cause voltage breakdown. The bypass capa-
citors also supply the transient current needed during capa-
citive load charging.

A 10 to 15 ohm resistor in series with the power supply filters
voltage spikes present at the TSC426/427/428 supply terminal.
Should latch up occur, this will also limit current. Rise and fall
time will not be affected if the recommended supply bypassing
is used. See Figure 8.

The DS0026 has a bipolar input. A speed up capacitor is
normally used to decrease switching time. Base storage time
is reduced. The capacitor causes a voltage spike drive at the
input that extends beyond V¢ or ground. The TSC426 input
is CMOS and does not require a speed up capacitor. In
converting DS0026 sockets to the TSC426/427/428 the
capacitor should be removed. This will maximize drive to the
device and minimize transition time. Benefits include fewer
components and reduced insertion costs. See Figure 8.

Vs

10-15 OHMS

1ut 0.1 4 AVX RAM GUARD
g 5 CERAMIC MLC

WIMA

MKS-2

O OUTPUT

TIE UNUSED INPUTS
TO GROUND

Figure 8: R, CurrentLimiting Protects Device and Will
Not Degrade Switching Speed.

The TSC426/427/428 outputs feature a low impedance P
channel pull-up MOS device and low impedance N channel
pull-down MOS device. The low resistance outputs are
responsible for the 30 ns rise and fall times. The CMOS
construction minimizes current drain.
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The output N and P channel devices should not be forced to
conduct current simultaneously. This can happen if an
unused input is left floating. Unused inputs must be connected
to ground or the positive supply. A ground connection will
minimize steady state supply current. This is common
engineering practice followed in CMOS logic system
design but is sometimes overlooked during a “quick”
bench evaluation. Floating inputs cause excessive current
flow and may potentially destroy the driver.

The input drive signal should also have rise and fall times less
than 1 us. This minimizes time spent in the output stage
transition region.

Package Power Dissipation

Input signal duty cycle, power supply voltage, and capacitive
load influence package power dissipation. Given power
dissipation and package thermal resistance the maximum
ambient operation temperature is easily calculated. The
CerDIP 8-pin package junction to ambient thermal resistance
is 150°C/W. At 25°C the package is rated at 800 mW
maximum dissipation. Maximum allowable chip temperature
is 150°C.

Three components make up total package power dissipation:
® Capacitive load dissipation (P¢)

® Quiescent power (Pq)

® Transition power (Py)

The capacitive load caused dissipation is a direct function of
frequency, capacitive load, and supply voltage. The package
power dissipation per driver is:

EQ.1IPC =fCV52
where: F = switching frequency
C = capacitive load

Vg = supply voltage

Quiescent power dissipation depends on input signal duty
cycle. A logic low input results in a low power dissipation
mode with only 0.4 mA total currentdrain. Logic high signals
raise the current to 8 mA maximum. The quiescent power
dissipation per driver is:

Vs
EQ.2: Pq = Py (D (Iy) +(1-D) 1)

where: Iy = quiescent current with both inputs high
(8 mA Max)
I = quiescent current with both inputs low
(0.4 mA Max)
D =duty cycle




APPLICATION NOTE 25

TSC426/427/428

Transition power dissipation is normally not significant. It Table 1: TSC426 Pack Power Dissipati
arises because the output stage N and P channel MOS Package Power Dissipation
transistors are on simultaneously for a very short period CerDIP Package [0, = 150°C/W]
when the output changes. The transition package power input A""":[:m
dissipation per driver is approximately: Capacitive Input Supply Stage AC Spike Total Operating
. _ - Load Frequency Voltage Power Power Power Power Temp
EQ.3: Pr=1Vs (1.63x1079) (PF]  [kHzl [V]  [mW] [mW] (mW] [mW] [°C)
An example shows the relative magnitude for each term. Both 1000 50 18 75 32 2 109 125
drivers are driven with a 50% duty cycle signal at the same 1000 100 18 75 64 5 144 125
f ncy. Capacitive load is the same for each driver. 1000 200 18 B 129 11215 17
requency. Capacitive load is the same e drivel 1000 400 18 7 259 03 357 96
Example 1: 1000 1000 18 75 648 58 781 32
C = 1000 pf 1000 50 12 50 14 1 65 125
Ve= 18V 1000 100 12 50 28 3 81 125
ST o 1000 200 12 50 57 7 114 125
D = 50% 1000 400 12 50 115 15 180 122
f = 200 kHz 1000 1000 12 50 288 39 377 93
Pp= Package power dissipation = Pg + Pt + Pq 2000 50 18 75 64 2 1M 125
= 130 mW + 11.7 mW + 38 mW 1000 1800 12 50 518 70 638 54
= 180 mW 50 4000 18 75 129 234 438 84
- mV 1000 100 18 75 64 5 144 125
Max. operating temperature = T, - 6,4 (Pp) 500 100 18 75 32 5 112 125
=123°C 500 200 15 63 45 9 117 125
500 100 15 63 22 4 89 125
where:
Ty = Max. allowable junction temperature (150°C) Notes: 1. Duty Cycle = 50%.
6, = Junction to ambient thermal resistance (150°C/W, 2. Each input driven.
CerDIP) 3. Each output with load C.
4. Ambient operating temperature should not exceed 85°C
Table 1 gives the total package power dissipation for several for “IJA” device or 125°C for “MJA” device.

different cases using the formulas developed above. If only
one driver is active divide the package power dissipation
numbers by two in Table 1.
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TSC500 ADC

FLEXIBLE TSC500 ADC
SIMPLIFIES DESIGN TRADEOFFS

By Wes Freeman

APPLICATION
NOTE 26

Designers who need to convert analog signals to digital
rapidly gain respect for the word “tradeoff.” At first glance,
the wide variety of analog-to-digital converter (ADC) products
available would indicate that the “perfect” ADC for any appli-
cation is readily available. All of these products, however,
involve tradeoffs in speed, power consumption, accuracy,
price, and flexibilty, among others. These trade-offs are not
mere specmanship, either. Speed, price, and power consump-
tion, for example, can vary by orders of magnitude from pro-
duct to product.

The overriding ADC tradeoff is usually speed. Digitizing high
speed signals typically requires a successive approximation
or flash ADC. The designer must then accept the cost and
power penalties which usually accompany these devices.

Many analog phenomena, however, change slowly. Com-
monly measured physical events, for example, include tem-
perature, humidity, pressure, strain, and pH. The dual-slope
integrating ADC is the typical choice for low speed conversion,
due to its high resolution at low cost and low power. Even
though a variety of dual-slope ADCs are available, tradeoffs
can still occur because the analog sensors vary widely in reso-
lution, linearity, output impedance, and output level.

One solution to converting the wide variety of analog signals
can be found in a flexible ADC. The TSC500, from Teledyne
Semiconductor, contains all of the analog circuitry required
for an integrating ADC. By transferring the digital portion of
the ADC to the counters and software of a host processor, the
TSC500 can be used to solve a wide variety of data conver-
sion problems.

The TSC500 gives the design engineer powerful control over
the resolution/conversion-speed tradeoff, while adding flexi-
ble input voltage scaling. Also, this flexibilty is made available
at low cost and with only 10 mW power dissipation.

A typical ADC and microprocessor interface is shown in
Figure 1. Notice that the digital functions of the ADC are
duplicated in the microprocessor. Replicating these circuits
on the ADC simplifies software development, because the
conversion result is merely read as one or more memory
locations. Although the hardware interface also seems to be
simple, the package size and large number of 1/O lines
necessary can be a real limitation in small systems or with
single-chip microcomputers which are not bus oriented.

Figure 2 shows the TSC500 and microprocessor interface.
The counters, control logic, and most I/0O functions have
been moved to the microprocessor. Only three 1/O lines are
required, and both the size and cost of the ADC are reduced.
More importantly, the designer can now specify the ADC
resolution instead of selecting whatever is available in an
existing product.

The TSC500 permits control of the conversion’s resolution
because resolution is determined by the host processor’s
software. With standard ADCs, resolution is determined by
hardware on the chip. The designer who needs, for example,
.04% resolution is forced to use a 12-bit ADC with .025%
resolution. By using the TSC500, however, a 2500-count full-
scale output is as easy to design as a 4096 count (12-bit)
output, but yields a 40% increase in conversion speed.

COMPLETE
INTEGRATING ADC

VWA

AAA
N}
1
1
1

MICROCOMPUTER

OUTPUT
BUFFERS

' O__D_‘
Vin

HIGH

~ o—| BYTE

——4 COUNTER,
DATA-8 LINES TIMER

]

1o RAM.

Low
BYTE

SWITCH DECODER COUNTERS
& CONTROL LOGIC

ROM

ALU &
CONTROL

CONTROL - 5 LINES

Figure 1: Typical ADC Interface to uC
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APPLICATION NOTE 26

ANALOG
FRONT END
ADC

> = =

COMPARATOR OUTPUT

MICROCOMPUTER

COUNTER,
TIMER

—J>—
]

RAM,
ROM

/0

SWITCH DECODER

ALU &
CONTROL

Figure 2: TSC500 Interface to uC

The ability to select full-scale is useful for measuring outputs
which do not fall readily into a binary sequence. One such
example is the 150 degree Centigrade operating range limit of
IC temperature sensors such as the LM35 from National Semi-
conductor. By using a 1500 count ADC, the LM35’s output can
be read directly in tenths of a degree Centigrade. Adjusting the
ADC’s full-scale range to the sensor’s output in engineering
units can simplify software for data analysis and display.

The functional diagram of the TSC500 is shown in Figure 3.
The design features include low leakage CMOS switches, high
impedance input buffer, integrator op-amp, two-stage com-
parator, and digital control logic. These components, pack-
aged in a 16-pin DIP, form the analog section ofan ADC whose
resolution can extend from less than 8 to greater than 14 bits.

RinT
CREF

"
CREF «J) REF HI
7 ]e

In
Ll _ Caz
REF L CREF BUF Caz
4 3

CONTROL- LOGIC

_CONVERTER STATE
AUTO-ZERO (ZERO SCALE OFFSET/DRIFT CORRECTION)

A_B
0 0 ZERO INTEGRATOR QUTPUT
0 1
1__0 SIGNAL INTEGRATE
B INT 1 1 DEINTEGRATE (REFERENCE VOLTAGE INTEGRATE

Cint

o
s |e
sw
Sz z w TSC500
N INTEGRATOR
Wy BUFFER
Vil O-L'L® ‘ l/ \
)y COMPARATOR
LEVEL
+—0 OUTPUT
SHIFT [T
SW.
sW z
POLARITY
ANALOG o 5 DETECTION o GND
COMMON 5
o oy T
_ 410 ANALOG
v, PHASE
i oK) SwiTer’ bisooms ||
SIGNALS Loaic
N 12 |13
Caz=1uf JEp A o8
Creg=1uf = ———
REF = 14 Vs Vs CONTROL LOGIC

Figure 3: Functional Diagram of the TSC500
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FLEXIBLE TSC500 ADC
SIMPLIFIES DESIGN TRADEOFFS

TSC500 ADC

The CMOS switches permit very flexible input and reference
voltage applications. During the signal integrate phase, the
two SWI switches connect Vi to the input buffer and VIN to
the integrator. These connections provide a fully differential
signal input, within the common-mode input range. The
signal input common-mode range extends from (V§ minus 1.5)
to (Vs plus 1.5 V), providing an easy interface for bridge-
type and other differential input applications.

A reference capacitor and switch matrix combine to also ease
reference voltage limitations. During autozero the SWRC
switches close, charging the reference capacitor to VREF.
Then, during deintegrate, the SWRI switches connect CReF to
the buffer input. Because CRreF isolates the reference inputs
from the buffer, there are no common-mode limitations on the
reference voltage. The REFHI and REFLO inputs can therefore
be located anywhere within the power supply range.

The differential reference is especially useful for bridge appli-
cations, because the reference can be derived from the same
voltage that drives the bridge. Changes in the bridge driving
voltage will not, therefore, affect the ADC’s output. Since there
are no common-mode limits on the reference inputs, simple
ratiometric resistance measurements are also possible.

The reference capacitor also combines with CMOS switches
to produce a bipolar reference from the single-polarity refer-
ence inputs. Four SWDI switches in a bridge configuration
connect CRrer to the buffer input. By the closure of opposing
pairs of switches, CRer can be connected as either a positive or
a negative voltage. When the TSC500 deintegrate phase is
selected, control logic samples the integrator polarity. Internal
control logic then closes the appropriate pair of SWRI switches
to select correct reference polarity.

The TSC500's excellent input characteristics are also a func-
tion of the low leakage, low noise metal gate CMOS process.
Input bias current is only 10 picoamperes maximum, while
input noise is typically limited to 30 microvolts peak to peak.
Input buffer linearity is critical for system performance, so a
class A output stage is used. The buffer output can supply 20
microamperes of current with negligible nonlinearity.

The main limitation in the conversion time of an integrating
ADC is comparator response time. Although the TSC500’s
targeted response time of four microseconds is three orders
of magnitude below the speed of available bipolar products,
several constraints combine to make the design task difficult.
First, the comparator must resolve about 50 microvolts in a
slowly changing ramp, instead of the millivolt-level step
response usually specified in comparator specs. Also, the
comparator must operate on less than 400 microamperes of
supply current, and be fabricated in a low-noise CMOS pro-
cess. Finally, the comparator should be unity gain stable to
minimize oscillation during the autozero phase.

TSC designers solved the high-gain/fast-response dilemma
by utilizing two comparators. The first comparator is unity-
gainstable, and is included in the autozero loop. The second
comparator, operating open loop, provides the CMOS output
levels required. In both comparators, cascade gain stages
were used to minimize Miller capacitance and improve speed.

Input offset voltage (Vos) of the buffer, integrator, and com-
parator #1 are unimportant because the errors are stored
during the autozero phase. Comparator #2 is not in the auto-
zero loop, however, so its Vos must be minimized to reduce
potential rollover and zero-offset problems. The input FETs of
comparator #2 were therefore implemented as a cross-
coupled quad, with close matching of devices and isothermal
orientation. The combination of careful layout, low power
dissipation on-chip, and the fact that comparator #2's Vos is
attenuated by the gain of comparator #1 ensure that rollover
errors are held to less than .01% maximum for a 4 1/2 digit
conversion.

The TSC500’s only feedback path to its host microprocessor is
via the comparator output. This output must, therefore, relay
both polarity and zero crossing information. For large input
signals the method is straightforward. The comparator status
is read and stored prior to deintegrate, which establishes
polarity. After the ADC is switched to deintegrate mode, the
comparator output is monitored for the polarity reversal that
signals zero crossing.

This method can fail for signals near zero, however, espe-
cially in the presence of normal mode noise. In this case, the
comparator state can change several times during signal
integrate. If a polarity reversal occurs between reading of
polarity and start of deintegrate, the zero crossing will not be
detected. This method also makes the polarity of the edge
that signals zero crossing dependent on input polarity, which
complicates the generation of interrupts.

A unique output circuit, shown in Figure 4a, solves both of
these limitations. When the deintegrate phase is selected,
comparator #2's polarity data is latched into an internal flip-
flop. The inverting output of the flip-flop drives an exclusive-
OR gate which ensures that, at the beginning of deintegrate,
the comparator output will be driven to a logic high state.

COMPARATOR NO. 2

FROM
COMPARATOR NO. 1

\ COMPARATOR
ouTPUT

FLIP-FLOP

D

ol

CK

DECODER &
SWITCH DRIVERS

(a)

Figure 4a: Simplified Schematic of TSC500
Comparator
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Figures 4b and 4¢c show the TSC500's comparator output for
both positive and negative polarity inputs. Notice that po-
larity status is still valid before deintegrate begins. Even if
polarity changes while the comparator output is being read,
indicating an input very near zero, the comparator will still
switch states when entering the deintegrate phase. In addi-
tion, zero crossing is always signalled by a negative-going
transition of the comparator output. The negative-edge output
is consistent with the interrupt structure of many common
microprocessors. '

USER TESTS FOR POLARITY
r ( END OF CONVERSION

VTEGRATOR OUTPUT

Pt
[
(I
[
LJ L COMPARATOR

OUTPUT

(b) Positive Input

INTEGRATOR OUTPUT

o I

t ]

| |

L1 L comMPARATOR
OUTPUT

|

(c) Negative Input

Figure 4b & c: Comparator Output Waveforms

This unusual comparator circuit conveys both polarity and
end of conversion information. For a positive input the com-
parator will be in a high state during integrate (b) while for a
negative input the output is low (c). In either case, the exclu-
sive OR gate (fig. 4a) ensures that the comparator output will
go high when deintegrate begins.

Table 1: TSC500 Control Inputs, Converter State, and
Internal Switch Status.

Con-
Control version
Logic Phase

Internal Analog Switch Status

The TSC500’s two logic inputs control the phases of the inte-
grating analog-to-digital conversion. (For further information
on dual-slope A/D conversion, see appendix A of Teledyne
Semiconductor Application Note AN-23). As shownin Table 1,
the TSC500 adds an additional phase, zero-integrator, to the
conventional autozero, signal - integrate, and deintegrate
phases. The zero-integrator mode can greatly reduce one of
the integrating ADC’s drawbacks, slow recovery from-an input
overrange condition. Slow overrange recovery is a problem
when several inputs are multiplexed into one integrating ADC,
because an overrange on one channel will affect the accuracy
of other channels.

The source of the integrating ADC'’s slow input overrange
recovery is shown in Figure 5. Under normal conditions, the
integrator ramps up during signal integrate, then back to.zero
volts during deintegrate (Figure 5a). When the signal input
exceeds full-scale, however, the integrator output does not
reach zero volts before the end of deintegrate (Figure 5b). If
the ensuing autozero period is not long enough to discharge
the integrator to zero volts, succeeding conversions will pro-
vide erroneous data. The zero-integrator phase, on the other
hand, provides a rapid discharge of the integrator error vol-
tage (Figure 5c). This speedup occurs because, during zero-
integrator, the integrator is actively driven toward zero volts.

wr Jl oeT % a2 ,1

VinN < VFULL-SCALE

Oy

INTEGRATOR
UTPUT

VINZ VFULL-SCALE

Ov

INTEGRATOR
ouTPUT

ZERO-INTEGRATOR

VIN> VEULL-SCALE
WITH ZERO
INTEGRATOR

AUTO ZERO

INTEGRATOR

|
|
1
ouTPUT !

A B SWi SWh SWR SWz SWR SWi SWiz :

Zero Figure 5: TSC500 Integrator Output Waveforms
00 Inte- ClosedClosed During: '

grator : .

(a) Normal Operation
01 ;::g- ClosedClosedClosed (b) Input Overrange
- (c) Input Overrange with Zero Integrator Cycle

10 ﬁ:?:_al Closed The integrator output normally returns to 0V at EOC (a), but

grate an error voltage remains if the input is overranged (b). Adding
11 Deinte- Closed” Closed a zero integrator cycle speeds overrange recovery (c).

grate

*Assumes positive-polarity input signal. For negative input signal,
SWhi is closed.
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TSC500 ADC

Figure 6 demonstrates the difference between autozero and
zero-integrator operation. During autozero, the buffer's input
is connected to circuit common (Figure 6a). Disregarding
offset voltage, the buffer’s output will be zero volts. Any charge
remaining on the integrator capacitor after deintegrate must
discharge through RINT, and the time constant is quite long.
The zero-integrator phase speeds the error recovery by con-
necting the buffer input to comparator #1’s output. Since the
comparator output swing is greater than plus/minus four volts,
discharge time is greatly reduced. Zero integrator must be
followed by autozero, so that the buffer offset is cancelled.
Typically, if 20% of the normal autozero period is devoted to
zero-integrator following an overrange, then the integrator
capacitor will be discharged.

Integrating ADCs are suitable for both system and display
applications. The system ADC is typically part of a micropro-
cessor based system, with the ADC accessed via a data bus or
input/output (1/0) port. System ADCs typically produce binary
data, and have three-state, bus compatible outputs. Display
converters, on the other hand, are most often used as the heart
of a dedicated instrument such as a digital multimeter. Display
converters typically operate with decimal data and have
binary-coded decimal (BCD) or seven segment outputs for
easy interface to a visual display.

INTEGRATOR
BUFFER

» RinT Caz

VWA 1)

COMPARATOR NO. 1

N T0
- COMPARATOR
NO. 2

Figure 6a: TSC500 Simplified Schematic During

Auto-Zero
BUFFER INTEGI}l%ATOR
Ll

R c Cint

AIT.‘; AZ COMPARATOR NO. 1

WV I
b -+

4 TO
> COMPARATOR
NO. 2

Figure 6b: TSC500 Simplified Schematic During Zero
Integrate

Overrange recovery is slow in auto-zero because the bufferis
connected to 0 V (a). The zero integrator phase connects the
buffer to the comparator output to actively discharge the
integrator (b).
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The TSC500's flexibility permits it to be used in both system
and display applications. Combined with a microprocessor 1/0
port, the TSC500 forms a binary ADC with resolution of 8to 14
bits. Conversion rates of the binary ADC range from 400 down
to 5 per second, while the high impedance signal inputs and
differential reference ensure flexibility in measuring a variety
of analog sensors.

When teamed with a single-chip microcomputer, on the other
hand, the TSC500 can form an equally flexible display conver-
ter. Features which are difficult to implement with a dedicated
display ADC become easy with the analog frontend approach.
Desireable features for a hand-held multimeter, for example,
might include autoranging, bargraph display, relative mea-
surements with decibel conversion, or programmable limits
with buzzer alarm. Adding features in software can reduce
development costs for a product family, as well as permitting
product differentiation.

An example of the TSC500 used as a system ADC is shown in
Figure 7. Only three active and ten passive components are
required, in addition to the uP 1/0 port, to form a very flexible
ADC. Since the TSC500 is available in a 16-pin DIP, PCB area
is actually less than that required for a dedicated but less flexi-
ble ADC.

All of the analog components, except the reference, are con-
tained in the TSC500. The passive components are inexpen-
sive, and critical tolerances are not required. The integrating
capacitor, CinT, must have very low dielectric absorption, so
polypropylene is recommended. The other capacitors can be
polypropylene, MYLAR, or other low. leakage film type.

The ADC’s reference voltage is provided by two TSC9491s,
which operate like a 2.44 volt Zener diode. Requiring a mini-
mum bias current of only 50 uA, the TSC9491 is available in
temperature coefficient grades of 50 or 100 ppm/°C. If the
ADC's reference voltage is less than 1.22 V, only one TSC9491
is required.

Although the TSC500 requires +/-5V power supplies, thecir-
cuit operates with a single +5 V connection. A monolithic DC
to DC converter, the TSC7660, combines with two electrolytic
capacitors to convert a +5 V input into -5 V. The TSC500 only
requires 1.5 mA of supply current, so the TSC7660 provides a
voltage conversion efficiency of about 98%. Eliminating a
separate -5 V supply reduces power supply bulk and expense,
as well as simplifying power distribution and PCB layout.

The uP I/0 device is a Synertek SY6522, which contains two
bidirectional 8-bit I/0 ports, four interrupt control/handshake
pins, two 16-bit timers and a shift register. Only four I/0 bits,
one interrupt input, and the timers are used for the ADC inter-
face. The remainder of the 1/0 port functions are available for
selecting multiplexed inputs, accessing a visual display, or
other functions.

The TSC500/SY6522 interface only requires three digital con-
nections, which is a significant advantage when the ADC is
located some distance from the 1/0 port. Two SY6522 1/0 bits,
configured as outputs, control the TSC500’s dual slope inte-
gration algorithm. The comparator output can either be read
by polling an input port or by generating an interrupt. In most
cases the interrupt would be used, of course, but input polling
is useful while debugging software.
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Figure 7: TSC500 Interface to a Typical P 1/0 Port
12-bit Analog to Digital Conversion Software for the TSC509 ADC,
controlled by a 6502 Microprocessor and 6522 I/0 Port
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As mentioned previously, the TSC500 hardware combines H ORc  ooen \Table for TSC588 control
. . N 20988 ,99,08,1 N
with uP software to form an ADC. Software for the circuit, Oa04 oa0ee3 O DR seepeo3ige,agn o o counter values

written in 6502 assembly language, is shown in Listing 1. The
logic flow is shown in Flowchart 1. This program will produce a
12-bit conversion, but the resolution can easily be increased
or decreased.

Listing 1: Software for 12-bit ADC with TSC500 and 6502 .P
Combine this software with the hardware of Figure 7to forma
12-bit ADC. The converter’s resolution can be adjusted by
changing the counter values stored in the “PHZCNT” table.
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SIMPLIFIES DESIGN TRADEOFFS

TSC500 ADC

[ LOAD TIMER WITH AUTO-ZERO COUNT |

SET TSC500 TO A/Z PHASE

;

LOAD TIMER WITH INTEGRATE COUNT
SET TSC500 TO INTEGRATE PHASE

YES

LOAD TIMER WITH DEINTEGRATE COUNT,
RESET INTERRUPT FLAG FROM TSC500
COMPARATOR, SET TSC500 TO DEINTEGRATE PHASE

ZERO
CROSSING
?

YES

TIMER

[ READ 16-BIT COUNTER VALUE ] TIME-OUT?

[ ADD ONE TO HIGH BYTE I
SET TSC500 TO AUTO-ZERO
WAIT FOR TIME-OUT OF DEINTEGRATE PHASE

Flowchart #1

Before the actual conversion can begin, some housekeeping
tasks must be completed. These tasks, not shown inthe listing,
include setting I/0 ports, configuring timers, and clearing
interrupt flags. Once initialization is completed, the analog-to-
digital conversion process can begin.

The conversion software begins by placing the TSC500 in its
autozero mode. For a 12-bit converter the autozero cycle is
2048 counts, so the counter registers are loaded with this value.
The counter immediately begins decrementing at the square
wave frequency and the uP waits for the counter underflow
that signals the end of autozero.

The signal integrate phase is identical to autozero, except for
placing the TSC500 in signal integrate mode. The integrate
cycle is also 2048 counts, and the integrate period is selected
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to provide optimal normal mode noise rejection. After the sig-
nal integrate cycle is complete, deintegration begins and the
analog input value is determined.

The deintegrate cycle begins by reading the comparator out-
put. This action serves a dual purpose. First, the comparator
state at the end of signal integrate establishes input polarity.
Second, reading the input port resets the corresponding inter-
rupt bit. The next negative edge on the comparator output will
set the interrupt flag and signal the zero crossing.
Deintegrate continues by placing the TSC500 in its deintegrate
mode and again loading the down counter. For a 12-bit con-
version the counter value is 4096. The software then begins
testing for zero crossing and end of conversion.

In the deintegrate loop, a test is first made for zero crossing. If
the interrupt bit which corresponds to the comparator is not
set, then the program tests for counter underflow. The pro-
gram continues to loop until either zero crossing or counter
underflow occurs.

When zero crossing occurs, the contents of the down counter
represent the analog conversion result. The counter value is
therefore transferred to memory for further processing. A
memory location is also incremented to indicate that zero
crossing has occurred. This memory location can be tested
during autozero if the user wishes to include an optional zero-
integrator phase. .
Rather than stopping and restarting the counter, the registers
are read “on the fly.” Several steps are required to ensure that
data does not change between reading the high and low bytes.
If the high order byte changes between readings, the result
would be 256 counts of error. The program therefore reads the
counter registers twice, and tests for a borrow occurring
between the two read operations. If the high byte has changed,
a correction is applied before data is stored in memory.

Once the conversion result is stored, the program again waits
for the deintegrate phase to end. When the counter under-
flows, the conversion cycle is complete. The program loops
back to autozero if another conversion is desired, or jumps to
software which processes the ADC data. Since timer #2 is a
down counter, the stored data must be subtracted from 4096 to
get the actual analog input.

The software shown in Listing 1 keeps the uP in a continuous
loop during conversion. In normal practice the conversion
would be interrupt driven, so that the uP would be free for other
tasks. To convert the software to interrupt operation, routines
must be added which will recognize interrupt sources and also
keep track of the conversion phases.

The TSC500 interface only requires a small portion of the I/0
port's available functions, so additional features are easy to
add. Figure 8 shows one possible expansion by adding input
multiplexers for eight differential analog signals. A four digit
LED display is also included. The TSC701AM accepts BCD
data, decodes the data to seven segment display format, and
provides 28 LED segment driver outputs with 18 mA current
capability. Placing CA2 in its pulse output mode will latch data
into the TSC701AM simply by writing to port A. Four bits of I/O
are still available for controlling motors, heaters, valves, etc., or
for monitoring digital inputs.
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Figure 8: 8-Channel Data Acquisition System

TSC500 Comparator Behavior After
Zero Crossing

The TSC500 comparator is designed to produce a negative-
going edge-triggered output which signals the end of con-
version. This transition occurs during the deintegrate phase,
when the integrator output passes through zero voits. In most
cases, the result will be a single negative-going transition.
Occasionally, however, and especially in a noisy electrical
environment, the comparator may make more than one
transition.

Multiple comparator pulses are seldom a problemina micro-
processor sytem, since most uPs will not respond to a second
interrupt until the first one is serviced. The service routine
then disables the interrupt until the nextdeintegrate cycle, so
additional comparator transitions are ignored.

Problems do occur, however, in circuits built with discrete
logic. If the unbuffered negative comparator edge is used to
transfer data to latches, for example, multiple transitions will
produce erroneous data. More importantly, additional transi-
tions during auto-zero and integrate cycles will make the
latched data meaningless. Therefore, designers of non-uP
TSC500 systems should provide logic which will ensure that
end of conversion is only determined by the first negative
comparator transition which occurs after the TSC500 is
placed in deintegrate mode.

Photograph #1 demonstrates the TSC500 comparator output
attheend of aconversion. As the integrator output (top trace)

passes through zero volts, the comparator output (bottom
trace) goes from a high to a low state. In this example, only a
single negative-going transition was observed.

After zero crossing, Photograph #1 shows that the integrator
overshoots zero volts, continuing downward until the TSC500
is switched to zero-integrator mode. The ZI cycle rapidly dis-
charges the overshoot error voltage, preparing the TSC500 for
its next conversion cycle. After a short period of time in ZI,
however, the comparator begins to oscillate. External circuitry
which latches data at each falling edge of the comparator will
now latch erroneous data. Additional gating of the comparator
output, as outlined above, will prevent this error. (Note that the
oscillations observed are comparator #2. This does not imply
that the ZI loop, which uses feedback from the output of com-
parator #1, is unstable).
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APPLICATION
NOTE 27

By using low-cost microprocessors and a program-controlled
numerical-integration technique, you can achieve good noise
rejection and take full advantage of the higher speeds offered
by recently developed dual-slope A/D converters such as the
TSC7109.

This and similar converters overcome the speed limitations
imposed by logic-gate and analog-comparator delays in ear-
lier dual-slope devices, and the modern units can operate at
rates as high as 30 to 100 samples/sec. Nevertheless, operating
them at their maximum conversion rates often makes it difficult
or impossible to achieve the high normal-mode line-frequency
rejection that dual-slope A/D converters inherently offer at
slower conversion rates. Thus, noise considerations have
often precluded use of these converters at their rated speeds —
especially in industrial environments, where line-frequency
and other low-frequency noise components can be a particu-
lar problem.

Normal-Mode Line-Frequency Rejection

To understand normal-mode line-frequency rejection in
dual-slope A/D converters, consider a typical 12-bit conver-
ter (Figure 1a) and its timing diagram (Figure 1b) for one
conversion cycle. Note that the conversion depends on
charging the integrating capacitor during a fixed time inter-
val; the number of counts necessary to discharge the capaci-
tor to zero is proportional to the input voltage.

The integrating A/D converter integrates the signal only ina
certain time window, as Figure 1b shows. This limited inte-
gration period results in normal-mode noise rejection only
when the integration period is equal to one or more periods of
the noise signal (Figure 2a). The time integral of this noise
over integer multiples of the noise period is, of course, zero.

Normal-mode noise-rejection performance can thus be
represented as a function (Figure 2b) that reaches peaks at
the fundamental and harmonic frequencies of the period
defined by the signal-integrate time T. The minimum period
T, which must equal the noise period, has been the limiting
factor for conversion speed. At 60 Hz, for example, the mini-
mum signal-integrate time is 16.7 msec; at 50 Hz, it's 20 msec.

Because the signal-integrate time is only a portion of the total
conversion time, conversion rates are significantly less than
1/T. A standard, high-performance, dual-slope A/D conver-
ter includes a reference deintegrate phase, typically 2T long,
and an autozero period equal to the signai-integrate period T.
The total conversion time is thus 4T, which, for 60-Hz rejec-
tion, yields a maximum conversion rate of 15 samples/sec;
for 50 Hz, it yields 12.5 samples/sec.

The most serious constraint arises when you want to offeran
instrument for international use thatcan reject both 60 and 50
Hz. This feature is attainable only when the signal-integrate
period T can contain six cycles of 60-Hz noise and five cycles
of 50-Hz noise. The resulting 100-msec signal-integrate
period dictates a 2.5-conversion/sec rate.
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Figure 1: A dual-slope A/D converter operates by charging a capacitor from the input voltage during a fixed time, .
then discharging it to zero. The number of clock periods in the discharge time corresponds to the analog input vol-
tage. The size of the integrating time window determines which normal-mode noise signals are rejected.
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Figure 2: In a dual-slope A/D converter, high normal-
mode noise rejection occurs when the integration
period is a multiple of the noise signal’s period.

You can, however, overcome the inherent conversion-speed
limitation of integrating A/D converters. A microprocessor
with program-controlied numerical integration that compie-
ments the A/D converter’s analog integration will speed dual-
slope conversion considerably.

You can achieve high normal-mode rejection for specific fre-
quencies with this method if three conditions are met. First,
the signal-integrate period must be defined such that noise
integration takes place on a segmented basis. In Figure 3a,
for example, the integrate window opens on a noise-wave-
form segment that’s one-third of a period long.

Next, the second signal-integrate period must begin at a
point corresponding exactly to the point at which the firstone
ended, and the third’s beginning must correspond to the
point at which the second ended. This condition can be met
only if the A/D converter has a fixed conversion time, irre-
spective of the signal input. Finally, the microprocessor must
sum all three conversions to achieve the total integrationofa
cycle of noise. A consideration of all these constraints for the
TSC7109 A/D converter, for example, leads to the relation-
ship

_ 1 _ 4C
fNnoisE= — = T
XT X

where C is the conversion rate, f the noise frequency and X
the number of conversion results added: X must be an odd
number; Figure 3b shows why X cannotbe aneven number. A
frequency that would require an even number of samples is
one at which the integrate window is locked in phase with the
signal (ie, the converter and signal periods are synchronized).
For CV = (fnoIsE) (X/4)-and X=2 (as in Figure 3b), the result is
two times the error of one conversion.

NOISE AMPLITUDE

T—n
i o~ -
(8) | / \ \ \\
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Figure 3: Data-conversion systems employing a numerical-integration technique furnish noise rejection when an
odd number of samples are summed (a). Adding the results of two conversions, though, can yield twice as much
error as does one conversion (b) if the A/D converter and noise frequency are synchronized.
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To achieve the desired normal-mode rejection, you must,
70 therefore, sum an odd number of A/D-converter results. You
m can accomplish this summation with firmware or with user-
interactive software. Consider an example using a TSC7109
g A/D converter operating at 22.5 samples/sec. The equation
g 50 yields the results in Table 1.
2
% © U As Table 1 indicates, an A/D converter operating at 22.5
: L S TEGRATE / o1 T samples/sec can reject harmonics of 10 Hz if you maintain a
o - . . . . .
g O WPLES \ AL~ rolling z-.1verage‘of nine samples. This technique rejects 50 and
3 SUMED sec / e / 60 Hz; it's equivalent to one sample taken at the rate of 2.5
§ 2 _=|” ONEsAMPLE A samples/sec. The curves in Figure 4 show the normal-mode
z // “” SIGNAL P rejection resulting from 1- and 9-sample averages at the rate of
10 _— ""TEG"’;EI/ 22.5 conversions/sec (or one sample at 2.5 conversions/sec).
0 | ,/ Table 1: TSC7109 at 22.5 Samples/Sec
1 2 3 4 5 67 10 20 30 40 50 6070 100
NORMAL-MODE NOISE FREQUENCY (Hz) 'NOISE
N T — (Fundamental) X
Figure 4: The normal-mode-rejection capability i/lus- In Hz Samples Summed
trated by the upper curve here demonstrates the effec-
tiveness of taking nine conversion samples; the system 90 1
that the curve represents rejects noise at all multiples
i 30 3
of 10 Hz. The lower curve shows the result of acquiring
only one sample and employing an 11.11-msec signal- 18 5
integration period.
12.8 7
10 9
i +3398
TIJ
NOTES: <
® A/D CONVERTER UPDATES AT 22.5 CONV/SEC 0Kk
© DISPLAY UPDATES AT 2.5 CONV/SEC <
® QUTPUT IS AVERAGE OF 9, 18, 27, 36 OR 9 n CONVERSIONS
® REJECTS BOTH 50 AND 60 Hz
o CONTINUITY BUZZER RESPONDS IN 90 mSEC MAX (2 CONVERSIONS) [ 40
© RANGE CHANGES IN 44 mSEC b3 36 v+ 22 184 kHz CLOCK
10k: REF+ 0SC IN
29 3
oM REF OUT
VN O AAMA——— *ﬁ_\w RC+ i MICROCOMPUTER Ll
1uf 9
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Figure 5: This 3 3/4-digit multimeter uses a numerical-integration technique to reject both 50-and 60-Hz normal-
mode noise. Although the DMM’s display updates at 2.5 samples/sec, conversions take place at 22.5 samples/sec.
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What's the point, you may ask, of sampling at the higher rate if
you must wait for the result during a 9-period numerical inte-
gration? After the first 9-period wait, the system’s pipeline is
full, and you can then obtain a new result for each cycle at the
22.5-samples/sec rate.

The numerical-integration technique has many practical
applications. The Figure 5 circuit, for example, is a 3 3/4 digit
DMM that uses a TSC7109 13-bit A/D converter. The DMM
updates the display at a 2.5 sample/sec rate for easy reada-
bility, yet it converts at a 22.5 sample/sec rate for fast response
during autoranging and continuity checking. Because the
circuit averages nine samples, it rejects both 50- and 60-Hz
noise. Because it can carry a rolling average, the uP is capable
of changing the number of conversions summed; it can there-
fore accommodate specific, user-programmable rejection
frequencies.

Figure 6 shows connections for a system using the TSC7109
in conjunction with a 6502 processor and 6522 peripheral in-
terface adapter. The adapter’s programmable timer provides
the A/D converter’s clock, thereby simplifying testing of
noise rejection with different clock frequencies. This circuit
allows you to evaluate numerical-integration-based designs
using either a general-purpose uP-development system or a
prototyping board (eg, Rockwell’s AIM-65). Figure 7 shows
the assembly-language listing for the system; the flowchart
appears in Figure 8.

Table 2: 16-Channel Multiplexer

X Channels Scanned
3 13
5 16
7 15
9 10

100 k

AN PY 05V
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) 6] our +
PAg By 104F RN 5
N E i Vout F—
T 1] 2 TSC7660
PAz 5 e Yo onp
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3te pry I 1 3
PA, Bg GND 10uF
" B 1 TSC7109 I
5 Bg A/D CONVERTER FIU
e ] I £
M D of 7 =
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e i o
o 100k
B, n kA iy £ AN——O +INPUT
P8, 1‘2 2 I = 001 4F ANALOG INPUT
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Figure 6: You can evaluate numberical integration with the circuit detailed in this schematic. The 6522 peripheral-
interface adapter provides clocking and the uP interface for the dual-slope A/D converter.
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094D, ASK

o000 i

0000 + SOFTNARE T0 DENONSTRATE NUNERICAL INTEGRATION
000D 5 USING YHE TSC7L09 INTERFACED 10 A 6502
0000 i WICROPROCESSOR VIA A 6522 1/0 PORT
0000 § RESULTS STORED AT 'RESLT" IN 1ERQ-PAGE NENORY
0000 3 USER NUST PROVIDE INTERRUPT VECTOR FRON THE
0000 § 65225 CA1 INTERRUPT TO SUC ROUTINE AT *INTSV"
0000 i

2000 {SYSTEN EQUATES

4800 jiias € 0ABOOH ;ADDRESS OF 4522 1/0 PORT

0080 0R6 80K SRESERVE ZERD-PAGE. NENORY

0080 RESLT [ 3 $16-B1T ACCUNULATOR FOR RESULTS, 1 BYTE FOR SIGN
0083 STORK 15 1 {STORAGE. FOR LODP COUNTER

0084 STRHE 0§ 1 1SAVE HIGH BYTE

0280 06 0280k $SET UP 1/0 PORT 10 CONTROL TSC7109
0260 A9¢0 oLtk i 200K iPBb & PB7 ARE OUTPUTS,

0282 80008 ST 101 § PB7 1S THE TINER 1 OUTPUT

0285 800208 ST 100142 i (FOR 7109 CLOCK)

0268 800848 ST 10PT40BH 1SQUARE. NAVE OUTPUT ON PB-7

0288 A912 i " {LOAD THE CONSTANT: FOR

0260 800448 ST 10PT+4 i CLOCK TINER

0290 20FR02 5 SETREG JINITIALLIE NEWORY REGISTERS

0293 800548 STh 10P145 3 START THE 7109 CLOCK

029 A%82 LA " SENRBLE. INTERRUPT FRON

0298 B00EAS STh 10PT40EH i 6522 CAL INPUT

029 402303 e HAINPRG $1/0 PORT SETUP CONPLETE, 50

029 3 JUKP T0 0.5, OR TO NAIN PROGRAN

025 $INTERRUBT SERVICE ROUTINE

0280 06 280K

0280 AD00AB INSVC LA 10°7 16ET HIGH BYTE

0263 A 1A JSAVE 1T

0284 290F D [ JIERD WSBs FOR ARITRWETIC

0286 8584 TR STORHI {AVE 1T

0296 84 A JGET SIGN BIT BACK

0289 2910 I HoH SANALDG INPUT NEGATIVE?

0288 Fol7 BER SUBTR § YES, 50 SUBTRACT

0280 18 o IRESULT POSITIVE 50 ADD

028 4580 A RESLT J6ET LS BYTE OF THIS COMVERSION

0220 600148 anc 107+ 3 ADD TO PREVIOUS READINGS

0263 8580 sTh RESLT i SAVE LS BYTE

0205 ASBY LoA RESLTH 16ET S BYTE OF COWVERSION

0207 8564 anc STORHI § ADD TO SUN

0209 8581 STA RESLT+1 i SAE M5 BYTE

0208 AS62 i) RESLTY2 16ET SIEK

0200 6900 aC 0 3 ADD CARRY BIT, IF ANY

oacF 6582 ST RESLTI2 i AND SWE

0201 ACEBO2 P LOOPCNT $JUNP TO TEST FOR 9 CONVERSIONS

0204 38 SUBTR SEC 1SET CARRY FOR SUBTRACTION

0205 ASB0 A RESLT i POLARITY OF THIS CONVERSION

0207 EDotag SBC 10PT+1 i 1S NEGATIVE, 5000 A

0204 8580 STA RESLT i DOUBLE-PRECISION

020 ASB oA RESLT+ i SUBRTACTION

020€ £584 S8C STORKI i

020 8581 ST RESLT+

0262 4582 DA RESLTS2 i

02E4 ES00 SHC [ i

0266 8582 ST RESLTA2 i

0268 €483 LOOPCNT  DEC STORY GHAVE ME DONE 9 CONVERSIONS?

02EA FOO1 BEQ nvip i YES, SO NOW DIVIDE BY §

02EC 40 RTL i N, S0 RETURN

026D PABE

READ HIGH
BYTE OF ADC
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STORE MAGNITUDE

ISPOLARITY
POSITIVE?

No CLEAR CARRY

FOR ADDITION

SET CARRY FOR
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MAGNITUDE TO TOTAL

L ADD THE CONVERSION

SUBTRACT THE CONVERSION
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| DECREMENT LOOP COUNTER —I
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?

DISPLAY RESULT

RETURN FROM
INTERRUPT

Figure 7: This assembly-language listing for the uP A/D-
converter system in Figure 6 provides for 9-sample
numerical integration, thereby eliminating normal-
mode noise at frequencies that are multiples of 10 Hz.

Adding Channels

By using analog multiplexers, you can take advantage of
these speed-improvement techniques in multi-channel sys-
tems. Solving the equation given earlier for X and using X to
determine the scan length (or number of channels), you keep
the noise-segment alignment in proper phase. This segmen-
ted approach (for a 16-channel system that requires the
summation of three conversions) is shown in Figure 9. The
scan length is found by dividing the number of available
channels by X, taking the integer value, and then multiplying
it by X and adding 1. Table 2 shows the relationship between
the number of samples summed and the number of channels
scanned for a 16-channel multiplexer.

Figure 8: This flowchart for Figure 7’s assembly-
language routine summarizes the code necessary to
control the Figure 6 evaluation circuit.

A data-acquisition system using a 16-channel multiplexer
could use a TSC7109 running at 25 conversions/sec to reject
all harmonics of 20 Hz (including, of course, 60 Hz), with a
5-sample average taken in the microprocessor. The system
would still respond to large signal deviations in a single con-
version.

The change from analog signal integration of noise to hybrid
analog/numerical integration entails some tradeoffs. The
quantization error, for example, is always present; it can lead
to a significant reduction in normal-mode rejection if the
noise period is carved into too many segments. In addition,
timing instability can create other error sources. For maxi-
mum stability, you must control the A/D converter’s timing
with a crystal oscillator.
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A/D CONVERTERS

(Y
CHANNEL 1 CHANNEL 2 CHANNEL 13 CHANNEL 1
w w Qe w w
2 g g g
auto | 25 avto | 3§ B auto| 28 | peinrecrate| AUTO | 26 |penTeRaTE
$6%5 | 53 |penvTecnate| 278 | 28 |oeiTeaRaTe Seno| 22 soRaTe| 4070 | 28
»2 G2 N 2] @2
T C

/8 VANV VAR VAR VAN

]
SEGMENT 1 X =3 SEGMENTS SEGMENT 2
CHANNEL 1 13 CHANNELS SCANNED OUT OF CHANNEL 1

16 CHANNEL MULTIPLEXER

Figure 9: You can add multichannel capability to the enhanced-speed A/D-converter designs employing uP-based
numerical integration. i
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NOTE 28

The TSC429 is a high power driver IC in an 8-pin mini-dip
package. Although designed as a power MOSFET driver, it can
act as a level shifter, comparator, waveshaper, and pulse
transformer driver, just to mention a few of its possible uses.

Every effort has been made to improve the performance of the
device over its predecessors, the DS0026, TSC426, TSC427,
TSCA428. This has lead to the minimization of the latch-up effect
that CMOS is noted for which helps to optimize the device for
driving inductive loads. In addition the output transistors have
been enlarged enabling the device to drive currents up to 6
amps in the typical part. Rpg (on) Of the output transistors is as
low as 1.8 ohms.

Some of the other notable parameters of the TSC429 are its
excellent noise immunity due to a Schmitt trigger input and
CMOS construction, its minimal quiescent current draw (with
its input in the low state it consumes less than 500 pA), and its
rise and fall times, which are guaranteed to be less than 35 ns
with a 2500 pF load.

Due to its low current CMOS input, the TSC429 does not need
speed up capacitors on the input. This type of input also has
the ability to accept any amplitude signal from ground to the
supply voltage.

Parameters and Attributes of the TSC429
Timing

Rise and Fall Time

Inthe TSC429 the t, and t;are governed by three factors. These
are temperature, supply voltage and output load (See Figures 3
through 5). Definition of the first two parameters is self explana-
tory, but output load is not defined in the ordinary dimensions
of ohms or Watts as might be expected. Since the TSC429 was
designed to drive power MOSFETs its load is expressed in
capacitance. This is due to the fact that a MOSFET gate looks
like a capacitor to the driving device.

Output Load 6800 pF

>
VOLTS ‘L (2 V/DIV) A

475 AT GRERD *7.617nS
8 WER CRED>

TIME (10 ns/DIV) A

Figure 1

17-1056

Since a MOSFET actually appears as a variable capacitance as
it turns on and off, it is hard to say exactly what the rise and fall
times of the driver are going to be in any particular circuit. in
order to simplify the measuring method we chose a fixed value
of capacitance. This allows the designer to compare driving
devices on a specification sheet. Actual evaluation in your appli-
cation however is the best way to compare any two drivers.

When measuring time relationships be sure to take into
account any delays that might skew the measurement. This
can come from oscilloscope probes of unequal length or prop-
agation delays through current probes and their associated
amplifiers.

There are three anomalies that are associated with the rise and
fall time:

1. The rise and fall times are not equal creating a small
assymmetry in the output waveform. (See Figures 2,6 & 7) This
is due to having a P channel device source current and an N
channel sink current from the load. (See Figure 11) P channels
do not perform as well as N types, so in the output of the
TSC429 we have made the P larger to compensate. This
increase does not make the P equal to the N in dynamic
performance, only in static Rpgon). This difference is most
notable at higher loads (See Figure 6). At light loads the P
actually out performs the N in speed (See Figure 2).

2. There occurs a small “notch” in the rising waveform of
about 5 ns in duration. It only occurs with loads above 4000 pf
and is not normally of any concern. In Figure 1, wave form A
shows the output of the TSC429 with a 6800 pf load. The
“notch” is noticeable in the rising waveform; and waveform Bis
a magnified view of that rising edge. Note that if the "notch”
were not there the rise time would not substantially change.

3. Rise and fall times also determine the minimum pulse width
in that if an input pulse has a width that is less than the sum of
therise and fall times the output cannot make a full transition. if
carried to the extreme no output pulse will occur. At light loads

Typical Rise & Fall Times

(No Load)
UiP i.18
S [ RISE
[ TIME
S
Fo
3
o
>3
[
(o]
g FALL
TIME

| 4UCRD s -7.9BBYU . 4HCRD % 18,7528
8 NFN B WFN BOTH

TIME (5 ns/DIV)
FALL TIME IS STORED, WITH RISE TIME

Figure 2 DISPLAYED IN REAL TIME
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Rise and Fall Time

vs Capacitive Load
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typical min pulse widths would be in the 35 ns region. Figure 6
is an example of typical rise and fall times and minimum pulse
width when driving a 3300 pF load.

Output rise and fall times are independent of input waveshape
due to the Schmitt trigger input. In this respect the device can
be used as a waveshaper.

Delay Time (Propagation Delay)

Delay time is a function of temperature and voltage with
moderate effects by load. Figures 8, 9 & 10 show the effects of
these parameters on delay time. Little can be done to lower the
delay except for keeping the device temperature low. Please
note that slow rising input signals can give the appearance of
long delay times. This comes from the fact that the trip point of
the Schmitt trigger input (about 1.5 volts) can often be higher
than the 10% point in the waveform. In the specifications the
times are measured from the 10 and 90 percent points as is
industry practice. Figures 6 and 7 show typical performance.
Note that the input waveform is shifted by 1/2 division on the
vertical axis for purposes of clarity.

Input

Hysteresis

As we have mentioned before the TSC429 has a Schmitt trigger
input. The hysterersis provided by the Schmitt action is
measured with conditions static (DC) for the data sheet, and
can change substantially when driven by a pulse. (For an
explanation of how the input section works see the section
entitled “Input Effects on Quiescent Current.”) The input is
capacitive as the input signal is driving a MOSFET gate. (See
Figure 11) It therefore has the characteristic Miller capacitance
from drain to gate, as well as the gate to source capacitance.
The device works most effectively when driven by a relatively
low impedance source such as a CMOS or TTL buffer.

Since the input threshold is set by the input MOSFET'’s
threshold (Figure 11) the trip point changes with temperature
at the rate of approximately -5 mV/°C. For this reason any
input waveform that has slow rise times, such as open
collector TTL, can exhibit a change in puise width with a
change in temperature at the output of the TSC429. in
applications where exact reproduction of pulse width from
input to output is important, fast rise and fall times are
important.

In other types of applications however where exact timing is
not important the TSC429 will act to improve the rise and fall
times of slow rising input waveforms. (See Figure 12)

Input Section

The input is fully TTL compatible yet can be driven by any
amplitude signal up to the supply voltage and down to ground.
This attribute makes the TSC429 an excellent level translator
from TTL to small motor or lamp loads on 12 to 15 volt systems.

Input Effects on Quiescent Current

The state of the input signal changes the quiescent current
draw of the TSC429. The reason for this can be seen in Figure
11 which shows the input signal driving a MOSFET whose
drain is attached to a current source of 2.0 mA and the source
ofa P channel MOSFET. The drain of the P channel is attached
to a 1.8 mA current source, and its gate is tied to the output of
the first inverter stage. The input to this inverter is tied to the
drain of the input MOSFET and the source of the P channel
MOSFET.

When the input signal is below the input FETs threshold, the
input MOSFET is off causing the input to the inverter to be
pulled high by the 2.0 mA current source. The inverter output
therefore is low, causing the P channel device to be on, con-
necting the 1.8 mA current source to the drain of the N channel
input MOSFET. Since the input MOSFET is not on, these two
current sources are not able to source their respective cur-

P> Tscaz0

P CHANNEL

|
TiT

INVERTING

PIN 18
v+ O
20mA é 1.8 mA
P CHANNEL
MILLER “C” DC
r=——-
L
-
1
: N CHANNEL
INPUT
PIN 2
V pinas
GND

OUTPUT
DC PIN 67

J —
|%— NCHANNEL
—

v PIN4S

Figure 11
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rents and the quiescent device current is then composed only
of the bias currents required by the inverter sections. (Assum-
ing no load on the output)

In the state where the input is above the input FETs threshold,
the input MOSFET turns on, sinking the combined currents of
the two current sources until the input to the first inverter stage
reaches its trip point. At this time the inverter output goes high,
turning off the P channel which causes an abrupt lowering of
the transconductance of the input N channel. This is how the
input hysteresis is formed, by the step change in transconduc-
tance. We now have however the 2.0 mA current source con-
nected to ground through the N channel device increasing the
quiescent current draw in the high input state.

The hysteresis value changes with frequency (less hysteresis
with increasing frequency). This phenomena occurs because
of the characteristic decrease in the transconductance of the
input FET with increasing frequency.

2200 pF Load

2
<
o
=
<

5 V/DIV

OUTPUT CURRENT AND VOLTAGE
Figure 12
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Figure 14

Output
Output Current

The TSC429 can sink and source significant amounts of cur-
rent. For example with a 10,000 pF load the output will swing 16
volts to ground in 52 ns, sinking a current of aimost 7 amps
peak and then source 6 amps peak to bring the output back to
16 volts in 62 ns. (See Figures 23 and 13) This difference in
switching times comes from the device construction des-
cribed in the section on rise and fall times.

Due to the ability of the device to source large currents it is
easy to exceed the power dissipation rating of the device
under short circuit conditions. There is no thermal or over
current protection designed into the device so a short circuit
for an extended period of time should be avoided.

‘“Saturation” Voltage

The output typically swings to within 25 mV of the supply rails.
For applications where a steady state current is supplied by
the device the on losses can be found in Figures 14 and 15.

10,000 pF Load

5V/DIV 2 AMP/DIV
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Power Dissipation
Quiescent Dissipation

The quiescent dissipation of the TSC429 is very low, even with
the input in the high state. (See “Input” section on the effects of
input state on power dissipation) As an example, at maximum
temperature for the plastic package (70°C) the static current
draw is guaranteed to be 12 mA or less. If the supply voltage is
15 volts then the device dissipation is 180 mW. The package is
rated at 300 mW at 70°C so the device is well within its ratings
at worst case.

The typical value is normally in the region of 5 mA so the
example cited above is indeed worst case.

Cross Over Dissipation

During the transition between the output states the P channel
and N channel transistors can be on simultaneously. Aithough
this happens for only a few nanoseconds this additional power
that is dissipated can be significant at frequencies above 1 MHz
at 100 pF and above 250 kHz at 10,000 pF. (See Figures 11 and
27)

Capacitive Load Dissipation

Capacitive load dissipation is the result of charging and dis-
charging the load. The larger the capacitive load the longer the
driverisinthelinear region. Aslong asthe deviceis in this area
of operation it is dissipating significant amounts of power.

Calculating Power Dissipation

The capacitive load caused dissipation is a direct function of
frequency, capacitive load, and supply voltage. The package
power dissipation is:

EQ.1:Pc =fCVs?2

where: F = switching frequency
C = capacitive load
Vs = supply voltage

Quiescent power dissipation depends on input signal duty
cycle. A logic low input results in a low power dissipation
mode with only 0.5 mA total current drain. Logic high signals
raise the current to 5 mA maximum. The quiescent power
dissipation is:

EQ.2: Pq =Vs (D (IH) + (1-D) IL)
where: |1 = quiescent current with input high
(5 mA Max)
IL = quiescent current with input low
(0.5 mA Max)
D = duty cycle

Transition power dissipation arises because the output stage
Nand P channel MOS transistorsare “on” simultaneously for
a very short period when the output changes. The transition
package power dissipation is approximately:

EQ. 3: PT =1f Vs (3.0 x 10°)
An example shows the relative magnitude for each term.

Example 1:
C =2500 pF
Vs=15V
D =50%
f =200 kHz
Pp=Package power dissipation =Pc + P 1+ Pa
=113 mW + 90 mW + 26 mW
=229 mW
Max. operating temperature = Ty - 6JA (PD)
=115°C
where:
Tv = Max. allowable junction temperature (150°C)
f6Ja = Junction to ambient thermal resistance (150° C/W,
CerDIP)

NOTE: Ambient operating temperature should not exceed
85°C for “IJA” device or 125°C for “MJA” device.

Package Power

Dissipation
g 900 T T [
£ "\ TSc429
2 800 KOVAR L EAD FRAME ~ |
=} CERDIP PACKAGE
= 700 " =150 C/W
H N ”
2 600 \
o
g AN
g 500 \
(<]
g
w 400
8 N

N

S 300 \
<
g
s 200
=1
H
x 100
<
= 0

25 50 75 100 125 150
AMBIENT TEMPERATURE { C}

TSC429 Maximum Operating Frequency

Vs f Max
18V 500 kHz
15V 700 kHz
10V 1.3 MHz
5V > 2 MHz
Table 1
Conditions: 1. CerDIP Package |6 sa = 150°C/W)|
2. TA=25°C

3. CL = 2500 pF
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Heatsinking

If too much dissipation becomes a problem it is possible to
heatsink the TSC429. This is accomplished by the use of a
ground plane, or a heatsink attached to the device by a clip or
thermal epoxy. Heatsink manufacturers such as Wakefield
Engineering or Thermolloy sell such items. The use of the
ground plane as a heatsink is done by inserting a small quantity
of thermal grease on the bottom of the device before insertion
to the board. The grease will transfer the heat to the ground
plane.

Of the two packages the ceramic cerDIP package is the best
for applications requiring heatsinking. This is due to the super-
ior heat transfer ability of ceramic, in relation to the plastic. For
this reason we recommend the use of the cerDIP package in all
high dissipation applications (> 300 mW).

Designing With The TSC429
Grounding Techniques
Grounding

The high current capability of the TSC429 demands careful PC
board layout for best performance. Since the TSC429 is an
inverting driver, any ground lead impedance will appear as
negative feedback which can degrade noise immunity. The
feedback is especially noticeable with siow-rise time inputs,
such as are produced by an open collectoroutput with resistor
pullup.

Figure 17 shows the feedback effect in detail. As the TSC429
input begins to go positive, the output goes negative and
several amperes of current flow in the ground lead. As little as

0.05 Q of PC trace resistance can produce hundreds of milli-
volts at the TSC429 ground pins. If the driving logic is refer-
enced to power ground, the effective Ioglc input level is
reduced.

To ensure optimum performance, separate ground traces
should be provided for the logic and power connections. Con-
necting the logic ground directly to the TSC429 GND pins will
ensure full logic drive to the input and ensure fast output
switching. Both of the TSC429 GND pins should be connected
to power ground. (See layout section)

Decoupling (Bypassing)

Decoupling the TSC429 requires careful layout and the use of
good quality capacitors. A good quality film cap of low ESR
such as the WIMA MKS-2 1 uF at 50 Volt in parallel with a low
ESR high resonant frequency ceramic will usually keep the
peak to peak ripple voltage under 500 mV provided the caps
are placed right next to the power supply pins of the driver.
Tantalums and small electrolytic are not a.good choice due to
the high ripple current that the TSC429 generates.

Layout Considerations

One of the most important considerations in the application of
the TSC429 is the P.C. board layout. As we have previously
mentioned grounding is very important. Since the device
generates very high recirculating currents due to its fast
switching speed and low output impedance it is necessary to
identify the paths of these currents and isolate them from the
input signal (due to the negative feedback problem) and from
the rest of the system.

TOP OF BOARD

NOTHING ELSE
IS ATTACHED
TO GROUND
PLANE (No
recirculating
currents)

® @ @
® ® @

MAIN “'—“—"J \
GROUND
SMALL TRACE TO “HEAT REL IEVE"

HEAVY TRACE 0.1 INCH OR |, C. PIN FOR BETTER SOLDERING.
GREATER ON 2 0Z. BOARD: <050 INCHES L ONG, .030 INCHES WIDE
0.2 INCH OR GREATER ON

10z BOARD

SEPARATE TRACE BACK TO
POWER SUPPLY INPUT TERMINAL
(Should not be tied to any other
ground except at the input, and
should be as short as possible)

BOTTOM OF BOARD (TOP VIEW)
(NOT TO SCALE)

SEPARATE

TRACE TO

POWER SUPPLY (+)
TERMINAL

(SAME NOTES AS

wWiMA GROUND TRACE)

MKS-2
1 uf
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© e
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Figure 16
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The second consideration is radiated noise. A ground plane
under the device can act as a noise shield and is highly
recommended. This ground plane, if put on top of the board can
also act as a heatsink. (See the section on heatsinking)

Third, the TSC429 has been designed with two ground pins 4
and 5, two V¢g pins 1and 8 and two output pins6and 7.In each
case both pins should be used as the currents are so high that
a single bonding wire internal to the device may not be able to
handle the currents without opening. This two wire path for
these currents also lowers the inductance of the path which
will (along with proper decoupling) help minimize ringing in the
circuit. (See Figures 16 and 17)

+18 V.

" .
TsC429
24V L 5 J_
—/—- 4 2500 pF
ov l

6 AMPS

LOGIC
l PC TRACE RESISTANCE = 0.05

GROUND O——¢
>
>

300mV >

o—

v

POWER
GROUND

Figure 17: Switching Time Degradation Due to Negative
Feedback

Driving Power MOSFETS

International Rectifier has published an application note, #973A,
that describes the characteristics of a good MOSFET driver,
and circuits that are suitable as drivers. Please note that many
of the circuits described in this application note can be
accomplished with the TSC429 while improving performance,
lowering power consumption, and often with less parts.

400 V 3QQ MOSFET
Driven by 7556

DRAIN e
VOLTAGE FALL

> TIME
50 V/DIV
GATE
VOLTAGE

—_— <

5 V/DIV 0 VOLTS
Figure 18 100 ns/DIV

In addition to the application note mentioned above, two other
application notes by International Rectifier on driving MOSFETs
are of use. The first, entitled “A New Gate Charge Factor Leads
to Easy Drive Design for Power MOSFET Circuits” helps to
understand the charge transfer necessary to drive MOSFETSs,
while the second application note, #947, entitled “Understand-
ing HEXFET Switching Performance” gives a detailed mathe-
matical analysis of the three turn on and turn off intervals. It
also examines the effects of parasitic drain and source induc-
tance, which can have a significant effect on switching perfor-
mance independent of the drive method.

These papers go into detail on what is important in driving
MOSFETs, and give additional necessary information that is
beyond the scope of this paper.

We will show an example of a 400 volt 3 ohm FET being driven
by a small CMOS driver (out of a CMOS 555 timer IC) and
compare that to the same circuit where the TSC429 is driving
the MOSFET. (See Figures 18 through 20) Nothing has been
changed except for the addition of the TSC429. Note the sub-
stantial improvement in fall time.

400 V 3Q MOSFET
Driven by TSC429

— FALL

DRAIN TIME

50 V/DIV

— P

GATE 0 VOLTS

5 V/DIV

Figure 19 20 ns/DIV

400 V 3QQ MOSFET
Driven by 7556
(Complete Cycle)

DRAIN GATE

50 V/DIV 5 V/DIV
<
0 VOLTS

Figure 20 500 ns
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Due to differences in timing characteristics the paralleling of
two or more devices is not recommended. The best example of
the reason for this is the problem of one device turning on a few
nanoseconds before another. In this case the one that turned
on first would be sinking current from the other. This would
then create an increase in dissipation that could cause the
faster device to overheat and self destruct. Since the rise and
fall times of any two devices are not going to be the same, it is
possible to get slower rise and fall times with two drivers in
parallel than from a single driver due to the devices “fighting”
each other.

Driving Inductive Loads

When driving inductive loads such as pulse transformers and
small motors it may be necessary to keep the output from being
driven beyond Vgc. Leakage inductance and back EMF from
motors can cause voltage spikes of sufficient amplitude to
make the driver latch into its SCR mode.

The best way to prevent this from occurring is to put a Schottky
diode from the output back to V. When the voltage at the
output rises the diode turns on before the base emitter of the
transistorand clamps the voltage to Vg plus the diode drop of
450 mV. The same technique works for negative going excur-
sions of voltage. (See Figure 26)

Applications

Small Motor Controlier

Figure 21 shows a schematic of the TSC429 used as a small
closed loop motor controller. The TSC429 is used as both
driver and comparator in the control circuit. The back EMF of
the motor is used as afeedback signal to detect motor speed.

Voltage Doubler e

Figure 22 is a voltage doubler circuit. Typical performance is
shown in Figure 23. Highest efficiency is obtained when using
Schottky diodes in the output. ‘

Voltage Inverter

Figure 24 is a voltage inverter with Figure 25 showing typical
performance. As in the voltage doubler circuit mentioned
above the highest efficiency is obtained when using Schottky
diodes, such as 1N5819. In both these circuits increasing the
frequency of oscillation will help to reduce the value of the
capacitors. Capacitors should be high quality electrolytics
with low ESR. Ripple currents in the capacitors can be sub-
stantial in both of these circuits, so care should be taken in
their selection.

High Power Pulse Transformer Driver

Figure 26 shows a high power puise transformer driver that
utilizes diode protection from leakage inductance spikes. This
circuit can be used to drive large bipolar transistors, as well as
FETs. The same sort of diode protection scheme should be
applied to other inductive loads such as relays.

———————> 410

PERMAMENT MAGNET (m
DC MOTOR

Figure 21: Motor Speed Controller
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Figure 22: Self Contained Voltage Doubler
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Warning Signal Audio Oscillator
+12
IN4148
5.6
A
GO(GREEN) 5600
ANA—
TLO———— I 10 uf
P> Tscaze _l:_ —{}=
1uf Y™ Tscaze .
NO GO(RED) l
GND

Motor Driver with Forward/Reverse and Lock Out

+5

TTL _/_
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TSC429 UNIVERSAL POWER

MOSFET INTERFACE IC TSC429

Delay Line Driver and Voltage Translator
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TSC500A

ADC PROVIDES
FLEXIBLE PROGRAM CONTROL

By Ted Dabney

APPLICATION
NOTE 29

Today design engineers rely more and more on
microprocessors and microcontrollers to support their
applications. Compatible analog-to-digital and digital-to-
analog converters have greatly increased the flexibility of
interface and control circuits.

Mostof the available converters, however, are “indepen-
dent” and not subject to reconfiguration under software
control—no matter how smart your processor. For example,
if your task involves 8-bit conversions of battery voltage and
16-bit conversions of output voltage, you are required to
use two different converters...or take 16 bits of time to
measure your battery.

The TSC500A Converter from Teledyne Semi-
conductor is not as “independent” as other converters. In
fact, the TSC500A only performs operations as instructed
by your processor. If the initial circuit configuration (com-
ponent values and layout) is reasonable—using the rules of
the data sheets for component and timing values—the
TSCS500A converts an input to any resolution up to 16 bits
(plus sign). The proper design can allow the processor to
select and control the conversion parameters.

FUNCTIONAL DIAGRAM

The circuit board of the TSC500A plugs into the parallel
printer port of any IBM PC or compatible computer. This
board has eight differential input channels, with selectable
resolution from 8 to 16 bits (plus sign).
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Trade-Off

The usual trade-off for analog-to-digital conversion
(ADC) is resolution versus speed. In many cases a low
degree of accuracy is all that is necessary for a given
conversion. For maximum flexibility, you need a single
converter to speed up when low-accuracy is required.

The TSC500A is the converter that lets you control the
resolution-speed trade-off. It is an analog processor that
permits you to program the rate and resolution of ADC
conversions. The TSC500A performs the dual-siope portion
of an ADC conversion and lets you write software so your
microprocessor or computer can handle the digital tasks.

In short, this low-power CMOS device lets your
software program fearlessly trade off between high
resolution (16 bits plus sign) and speed of conversion.

Four-Phase Conversion for
Building an Application
The TSC500A incorporates four separate conversion

phases. Two select pins on the TSC500A control the timing
and sequencing of these phases.

B Phase |—Input Integration

Causes the integration capacitor to charge at a rate
determined by the input voltage. The duration of this phase
is a fixed amount of time.

H Phase |l—Reference Deintegration

Causes the integration capacitor to discharge atarate
determined by the reference voltage. A zero crossing
signals the end of conversion and the comparator output
goes low. The amount of time required for the zero crossing
is proportional to the input voltage.

M Phase lll—System Zero

Forces the integration capacitor to be restored to the
ground reference potential. This phase may be used to
correctcases where the input voltage of Phase | is so large
that Phase Il does not have enough time to complete its
cycle. This is an over-range condition. Also, the reference
capacitor is charged to the reference voltage during this
phase. :

B Phase IV—Auto Zero

Causes the auto zero capacitor to be charged to a
value that represents the combination of all internal offset
errors. The resulting error is then cancelled by the action of
phases | and Il. The reference capacitor is also charged
during this phase as in Phase lll.

Output

The output of the TSC500A is from one pin (comparator
output) that shows the phase of the input voltage (plus/-
minus) or indicates that Phase Il is complete (the integration
capacitor has discharged to the ground reference potential).
This output also determines when Phase Il is complete.
The comparator switches back to the supply voltage when
the excess charge has been removed.

Completing the Conversion Process

M Step I—System Zero
Select Phase Il and wait for the comparator output to
go positive. This tells you that the system is zeroed.

B Step ll—Auto Zero

Select Phase IV for at least the same amount of time as
Phase |, but for as long as you like. This charges the
reference capacitor and establishes a conversion offset in
opposition to the internal offsets.

This phase is the place to recall the count obtained in
Step 4 (Phase ll), then calculate and display the input
voltage.

B Step lli—Input Integration

Select Phase | for an exact amount of known time and
read the comparator output just prior to ending the phase. If
itis high, a positive voltage has been converted. If it is low,
the input is negative.

W Step IV—Reference Deintegration

Select Phase Il and count intervals. Stop counting as
soon as the comparator output goes low. Save the count
and go directly back to Step | (Phase Ill).
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TSC500A

Calculation:

V|N = VREF MT_
Tint

where

Toeint = Reference voltage integration time (variable)
Tint = Signal integration time (fixed)
Vrer = Reference voltage

Note that Tint and Vgrer must be exact and can be any
values. Toent is the variable that determines V.

Displaying the Results

First convert the Phase Il count to BCD values. Then
convert the BCD values to ASCII characters. Finally, send
the ASCII characters to the screen, the printer, the disk file,
or some other device.

Resolution
The actual resolution (counts per deintegration period)
available from the TSC500A is a function of how many

TSC500A Applications

counts you can putinto the Phase Il cycle when converting
the maximum input voltage. The rate of deintegration is
determined by the reference voltage. A lower reference
voltage reduces the deintegration slope and allows time for
more counts.

Accuracy

Internal noise and time-dependent errors determine
the conversion accuracy (signal-to-noise ratio) of the
TSC500A. The dominant source of error is the 1/f noise of
the buffer, integration amplifier and comparator. You can
reduce some of the effect by increasing the integration time
(Phase 1) and the deintegration time (Phase Il). You can
reduce the errors caused by broadband (thermonic) noise
by increasing Vrer. You can reduce errors caused by stray
capacitance by “guarding” the integrating capacitor.

A Word of Caution

Avoid using an edge-triggered interrupt in applications
where you plan to convert very low input voltages. The
output of the comparator my not have enough time to
complete a full transition.
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TSC500A Component Selection Example

Known

B Supply voltage for TSC500A (Vsue)
M Maximum input voltage (Vinmax)
M Integration time (Tint)

M Output resolution (bits) (N)

M Clock period (tcLock)

Assume
B Vsyp=15V Vsup = |Vsue|

B Vinmaxy =125V Vinmax) = |Vinwmax|

B Tint = 40 msec
H N = 14 bits
B tciock = 4 usec

B Step 1—Calculate Rint
VIN (MAX)
Rint =

lsurF (MAX)

where |BUF (MAX) = 10 [.lA
25V

Rint= 10 w A

H Step 2—Calculate Cinr

=250 K

Tint lsurivax)

Cint = Vint

where

Vint =Vsup -1V =4V
40 msec 10 A

Cint = 4V =0.1 uF
B Step 3—Calculate Vaer

Vint Cint Rint
Veer = ToeinT

where Toent = 2" teLock

4 V0.1 uF 250 K

e =1525..V
lock

VRer =

M Step 4—Calculate Integrate Count (Kint)

TINT
Kinr = tcLock
40 msec
Kint = 4 usec = 10,000 counts
Results
Kint 10,000

Koeint = Vrer

=Vin Tys25. v
where Kpeint = number of clock periods during Toeint
Normalization
The reference voltage can be adjusted to scale the
deintegrate count to be directly equivalent to the input
voltage.
Since:

KINT

Vrer

= Counts/volt

if Veer is adjusted such that

Kint 10,000 counts
Veer = 10,000 counts/volt ~ 10,000 counts/volt ~ 10V
Vin

then Kpent = 100 uV and N =~ 14.61 bits

Example: If Koeint = 18, 357 counts
the Vi = 1.8357 volts

Conclusion

The TSC500A is a very flexible analog-to-digital
conversion tool.

This converter gives control to the microprocessor
(which should know more about what it should do than it
does). The programming techniques presented here will
allow you to develop the software to run the TSC500A on
any number of currently available processors.
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The Program (Microsoft®Macro Assembler)  SCALER
The parallel printer port is used here for convenience.

Its address is assumed to be 0378 Hex (SELECT). CNLSEL
M Bits 0 and 1 select the conversion phase. VALUE
B Bit 3 is the comparator output from the TSC500A

(inverted). SIGN
M Bits 4 through 7 select the input channel. CORFAC

These routines are examples of 8088/86/286 source
code. Here are the constants and variables:

Actual integration count determined by
the resolution

Shifted high nibble that selects the
channel

Value of the input voltage in binary
format

Sign bit saved for evaluation
Correction factor that compensates for
comparator delay

Phase |—Input Integration Mode

CX = Fixed duration reference count
AL = Select INT mode and channel (output to port)
DX = Port address

Exit mode when CX =0
(Disable interrupts to prevent background routines from interfering.)

INTGRT: cu
MOV CX,SCALER
SuB CX,CORFAC
MOV AL,OF1H
ADD AL,CNLSEL
MOV DX,SELECT
ouT DX,AL
INTGLP: LOOP INTGLP
IN AL,DX
MOV SIGN,AL

Charges the integrator capacitor at a rate determined by the input voltage for a fixed duration.

;Disable interrupts

;Get integration duration

;Correct delay error

:Select INT mode

;Select channel

;Select output port

;Select Phase |

;Decrease CX and continue until CX =0
;Read sign bit

;Save sign
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Phase ll—Reference Deintegration (DEINT)
Discharges the integrator capacitor at a rate determined by the reference voltage.

CX = Countdown timer (determines value of input)
AL = Select DEINT mode and channel (output to port)
DX = Port address

Exit mode when bit 3 = 1 or CX decrements to O (interrupts remain disabled)

DEINTG: MOV CX,0 ;Maximum duration
MOV AL,OF3H ;Selet deint mode
ADD AL,CNLSEL ;Select channel
MOV DX,SELECT ;Select output port
ouT DX,AL ;Select Phase Il
DILOOP: IN AL,DX ;Read port
TEST AL8 ;Test comparator bit (bit 3)
LOOPZ DILOOP ;Decrease CX, continue if CX>0
orbit3=0
MOV CXVAL,CX ;Save count for later evaluation

Phase lll—System Zero (12)
Removes excess charge from the integrator capacitor and the auto-zero capacitor.

CX = Maximum duration
AL = Select IZ mode and channel (output to port)
DX = Port address

Exit mode when bit 3 = 0 or CX decrements to 0.

INTZRO: MOV AL,OFOH ;IZ selection

ADD AL,CNLSEL ;Select channel

MOV DX,SELECT ;Select output port

ouT DX,AL ;Select Phase il

MOV CX,7FFFH ;Load up CX so the loop will loop
1ZLOOP: IN AL,DX ;Get TSC500A comparator

TEST Al,8 Testif bit3is 0

LOOPNZ 1ZLOOP ;Decrease CX, continue if CX >0

orbit1=3
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Phase IV—Auto Zero (AZ)

Charges the auto-zero capacitor to the input offset voltage and charges the reference capacitor to the reference

voltage.

AL = Select AZ mode (system interrups may be re-emabled) and channel (output to port)

DX = Port address

Puts the TSC500A in auto-zero mode and exits.

AUTZRO: MOV
ADD
MOV
ouT

The binary-to-ASCII conversion and screen display of the actual program take more than enough time for proper

offset correction.

CALCXX: MOV
CMP
JNE

Set up over-range message for display:
SETOVF;

MOV
JMP

Phase Il uses CX as a down-counter so CXVAL is the compliment of the true count.

AL,OF2H
AL,CNLSEL
DX,SELECT
DX,AL

CX,CXVAL
CX,0
NOTOVF

MOV
MSGOUT,DX
SAVECX

;AZ selection
;Select output
;Select output port
;Select Phase IV

;Recall count
;Testif count = 0
;If count not O, then no over-range

DX,OFFSET OVFMSG

NOTOVF: XOR CX,OFFFH ;Compliment CXVAL
SAVECX: MOV VALUE, CX ;Save it in VALUE (0 if over-range)
Optional Subroutines
(depend on specific applications)
CALL XFORM ;Modify the transfer function...
CALL BIN2BCD ;Convert VALUE to BCD...
CALL ASCII ;Convert BCD to ASCII characters...
CALL DISPLAY ;Display the results...
CALL KEYBRD ;Test if there’s input on the keyboard...
JMP INTGRT ;..and start all over again
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The comparator delay factor can be adjusted out
with the reference voltage in systems that are
designed for fixed resolution. This application has
several different levels of resolution, and the delay
represents a different percentage for each level.
CORFAC is selected to have the same percentage
relation ship to SCALER as the delay has to the
deintegration period.

The SCALER value is the reference count that
determines the resolution of the conversion process.
As this value is increased or decreased, more or
fewer counts are available during the deintegrate
phase. The ratio of the two counts (SCALER and
VALUE) is still directly proportional to the input voltage
for any fixed Vier.

if SCALER is divided by 2, for example, the input
voltage is equal to VALUE times 2. Of course, the
significance of the LSB is lost and the resolution is
reduced by 1 bit. Divide SCALER by 4, multiply
VALUE by 4 and two LSBs are lost. The advantage is
that the conversion time would be four times faster.

A keyboard input routine permits changing the
SCALER value by a multiple of 2 and corrects VALUE
by the same amount. No changes to the circuit values
are needed because only the reference voltage is part
of the conversion equation and its effect has not
changed.

Transfer Function Transformation
The program could be expanded to include a

" routine (or several routines) that would modify or

linearize the transfer function(s) per input channel. A
simple look-up table or more complex algorithm could
be implemented.

Complete Application

A kit for this application is available from Teledyne Semiconductor.

The kit includes a functional printed circuit board and a 5 inch floppy disk (IBM compatible,
PC/MS-DOS 2.0) with a fullyimplemented program. The software supports 16-bit conversion and provides
eight differential input channels. The results of each conversion is converted to ASCII characters and
displayed on the screen. Keyboard entry allows selection of conversion resolution and input channel.

Documented source code is also included on the disk.

To order, contact your local representative or distributor or call Teledyne Semiconductor

headquarters in Mountain View, California toll free at 1-800-888-9966.
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MATCHING MOSFET
DRIVERS TO MOSFETS

By Ron Vinsant

APPLICATION
NOTE 30

Introduction

Teledyne offers four distinct families of MOSFET
drivers. This allows the designer to best match the switching
performance of the driver/MOSFET to the application.

MOSFET Die Sizes

Unlike bipolor transistors in which die size is primarily
a function of current, MOSFETSs have die sizes that are a
function of both current and voltage.

Die Size Effect on Gate Capacitance

As can be expected, the larger the die size, the larger
the effective gate capacitance. As anillustration of this, look
through any manufacturers data book and relate die size to
Cgs and Crss and you will find that die size determines both
these parameters, not the voltage or current rating of the
device.

af

“-”r~
1/2
TSC4424
INPUT }
3: 1ut
50V
Vs }

Figure 1: Typical Drive Circuit

The industry has, in general, adopted International
Rectifiers die size description technique. Instead of
referring to “mils on a side” to describe die size, they have
used simple numeric indicators 0 through 6. Thus a HEX 0
is the smallest die while a HEX 6 is the largest in standard
MOSFET offerings. Some other manufacturers, (IXYS), are
offering sizes as large as HEX 9.

Peak Current Requirements

One can now view the driving function in terms of the
peak current required to obtain the required rise time for any
application (in view of the capacitance thus die size). From
(dV*C)/I = dT we can determine the trade offs in any driving
circuit. The optimum rise time in any application is based on
many requirements such as EMI, heat dissipation,
lead/circuitinductance,etc. Thus there can be no universal
driver that fits all applications.

‘FPJ

TSC4424

Figure 2: Use of a Resistor to Limit Peak Current

DRIVER FAMILIES
There are four distinct families that Teledyne
Semiconductor offers:
TSC426/1426/4426
TSC4423
TSC429/4429
TSC00C26
The TSC426 was the worlds first CMOS MOSFET
driver and is a dual output device capable of upto 1.5 amps
at 18 volts. It comes in two other versions, the dual non-
inverting TSC427 driver, and one inverting and one non-
inverting in the TSC428 driver.
The TSC4426 family is the second generation of the
426 family, butthrough improved processing and improved
design has less propagation delay, no latch up problems
driving inductive loads and draws half the power of the first
generation. These improvements have been incorporated
into all drivers with four numeric digits in the part number.

”> J

Wk TSC4426

$5ov

Figure 3: Use of Zener Diode to Clamp Voltage on
Long Output Lead.
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TYPICAL APPLICATIONS
+12 12
TYPICAL USE IN 1
CIRCUIT WITH j 1pF
LARGE TRACE/LEAD 50V }_J
1pF INDUGTANCE.

$5ov IJ

SIMPLE DIRECT DRIVER

+12

_[:

IRF450
+300V

TSC170
CMOS
PWM

“n

TSC4a427

Y

T

FORWARD CONVERTER
WITH TSC4427 DRIVING
UPPER AND LOWER FETS

TF

;

v

Another important improvement in the second gener-
ation families is their ability to have the input signal go below
the negative rail by as much as 6 volts. This guaranteed
parameter is very useful in systems where the control
circuit ground is not closely tied to the power or source
ground of the MOSFET. These two grounds often move
relative to one another.

The TSC1426 is a special low cost version of the 426
family that is latch-up proof but does not have the below rail
protection on the input. It is a good choice for large volume
OEMs. ,

Following the same part numbering pattern as the 1.5
amp TSC426 family, the TSC4423 family of dual drivers
has a 3 amp output capability. The TSC4424 is a dual
non-inverting driver and the TSC4425 is one inverting and
one non-inverting driver.

The TSC4429 is a single inverting driver, (like its
predecessor the TSC429), while the TSC4420 is non-

inverting. This family has 6 amp drive capability at 18 volts.
The TSC4429 can slew a 10,000 pF load at 15 volts in 60ns.

The TSC00C26 is designed as a direct replacement of
the old National DS0026. Fabricated in Teledynes new
silicon gate process, it has propagation delays similar to the
older bipolar part while drawing only 300uA of quiescent
current. Output open circuit rise times are on the order of
3ns at 12 volts.

The table on the following page “Selecting MOSFET
Drivers” shows the performance of the various drivers
under production test methods. The characteristics of the
drivers are more fully described in the individual data
sheets.

This table is used as a performance guide and should
notbe used as the sole selection criteria. Best performance
analysis can be obtained by evaluation in your circuit or
by purchasing a TSC MOSFET Driver demonstration kit.
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DRIVERS TO MOSFETS MOSFET DRIVERS

The following families of power drivers are made optimum choice for capacitive line drivers where 1.2 A -6
with a CMOS process to interface between low-level A may be switched. With both inverting and non-
control functions and high-power switching devices, inverting inputs available, logic signals of either polarity
particularly power MOSFETSs. The devices are also an may be accepted.

Selecting MOSFET Drivers

e e
] Rated Rated Rated Prop. Prop. Lal:;h- to 6V

Drive Output No. & Type Load Load Load Delay*  Delay Proof Below

Device Current  Invert. Non-lnvert.  (pF) (nS) (nS) (nS) (nS) Gnd Rail
TSC1426 1.2 A Peak dual 1000 30 20 55 80 YES NO
TSC1427 1.2 A Peak dual 1000 30 20 55 80 YES NO
TSC1428 12APeak single &  single 1000 30 20 55 80 YES NO
TSC426 1.5 A Peak dual 1000 30 20 40 75 NO NO
TSC427 1.5 A Peak dual 1000 30 20 40 75 NO NO
TSC428 15APeak single &  single 1000 25 20 40 75 NO NO
TSC4426 1.5 A Peak dual 1000 25 25 18 38 YES YES
TSC4427 1.5 A Peak dual 1000 25 25 18 38 YES YES
TSC4428 15APeak single &  single 1000 25 25 18 38 YES YES
TSC00C26 1.5 A Peak dual 1000 20 20 75 12 YES NO
TSC4423 3.0 A Peak dual 2200 25 25 18 38 YES YES
TSC4424 3.0 A Peak dual 2200 25 25 18 38 YES YES
TSC4425 3.0 A Peak singe & single 2200 25 25 18 38 YES YES
TSC429 6.0APeak single inverting 10,000 70 95 53 60 NO NO
TSC430 3.0 A Peak dual complimentary 2200 35 35 15 15 NO NO
TSC4420 6.0 APeak  single non-invert 10,000 70 80 18 38 YES YES
TSC4429 6.0 APeak  single inverting 10,000 70 80 18 38 YES YES

MOSFET Die Size vs. Suggested Driver Family

MOSFET Die Size ofm:)aslgET Suggested Driver Faster
Size (mm) (pF) (@12v) Rise/Fall
Hex 0 .89x1.09 400 TSC426/1426/4426 TSC00C26
Hex 1 1.75x 2.41 750 TSC426/1426/4426 TSCO00C26
Hex 2 34x221 1500 TSC426/1426/4426 TSC4423/00C26
Hex 3 444 x 2.79 3000 TSC426/1426/4426 TSC4423
Hex 4 7.04 x 4.32 6000 TSC4423 TSC429/4429
Hex 5 6.45 x 6.45 12000 TSC4423 TSC429/4429
Hex 6 283 x 321 MIL 15000 TSC429/4429/4420
Hex 7 283 x 348 MIL 16000 TSC429/4429/4420
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Conclusion (C), all divided by driver current (l); restated:
To.match any MOSFET to its proper driver, use the dt = (dv*C)/I
charts on the previous page, (which will take care of the ‘
largest number of applications), or use the simple formula: If you need to drive any power MOSFET, there is a

rise time (dt) = driver supply voltage (dV), times capacitance  Teledyne driver to do the job.
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LATCH UP PROTECTION
OF CMOS ICs

By Ron Vinsant

APPLICATION
NOTE 31

INTRODUCTION

Most CMOS ICs, given proper conditions, can
“latch”, (like an SCR), creating a short circuit from the
positive supply voltage to ground. This application brief
explains how this occurs and what can be done to
prevent it.

Construction of CMOS ICs

Infabricating CMOS ICs parasitic bipolar transistors
are formed as a by product of the CMOS process, (see
Figure 1). These transistors are inherent in the CMOS
structure and can'’t be eliminated. The P channel device
has a parasitic PNP and the N channel has an NPN
parasitic. Through internal connections the two parasitics
form afour layer SCR structure as shownin Figure 1 and
in schematic form in Figure 2.

INPUT FROM
PREVIOUS
Vs STAGE

P-CHANNEL | N-CHANNEL
Figure 1: Output Stage IC Layout

SOURCE P+
> » Vs
R1 BULK
Q1 P CHANNEL RESISTANCE
DRAIN PARASITIC

P+

Q2 N CHANNEL
PARASITIC

DRAIN N+
SOURCE N+

R2 P- WELL
RESISTANCE

-~ Vg

A4

Figure 2: Equivalent SCR Circuit
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The parasitic SCR can be turned on if the P+ ofthe N
channel drain is raised above V. This action will bias the
drain P+ of parasitic Q1, §Q1 s emitter), on back through
Q1’s base returning to Vs through bulk resistance R1. A
similar situation can occur if the drain of the N channel
MOSFET, (emitter of Q2), is taken below the Vs supply.

This emitter base junction of the parasitic bipolar is
the parasitic diode that is also found in power MOSFETS.
One of these diodes exists in every CMOS structure for
both N and P channel devices; correspondingly there
exists a parasitic bipolar for every MOSFET in the IC
including the input transistors. Turn any one of them on
and the SCR action will occur.

In most applications the triggering of the parasitic
SCR results in the destruction of the IC. The only time
destruction does not occur is when the supply currentto
the device is limited. In this case the device will resume
normal operation when the parasitic SCR is unlatched
by cycling the supply current through zero.

Preventing SCR Triggering: Grounds

Clean grounds are important in any system but are
especially important in analog and power processing
circuits. This becomes even more critical when CMOS
ICs are used.

Poor ground practice can result in device latching.
An example of this is shown in Figure 3A. In this example,
the TSC170 sends the TSC426 a “low” signal which
causes the power MOSFET to turn “on”. If the ground
return resistance, R1, is sufficiently high, the ground
voltage of the TSC426 will rise above that of the TSC170,
resulting in the input of the TSC426 being negatively
biased. This will cause the TSC426 to latch.

A similar condition can be caused by circuit
inductance. Referring to Figure 3A again, assume R1 is
replaced by an inductor. When the MOSFET turns “on”,
current in the source lead builds up very rapidly. Typical
rise times would be on the order of 30 to 60 ns. For our
example, assume thatthe MOSFET is switching 5 amps
and the circuit inductance is 10 nH. From V= L di/dt we
can generate voltage shifts of .83 volts to 1.66 volts,
depending upon the rise time, and more than enough to
trigger the parasitic SCR.

Trouble shooting this type of problem can be
facilitated by placing a series resistor, typically 1000,
between the TSC426 and the MOSFET. This slows the
MOSFET'’s transition and the circuit can be observed in
operation without anything being destroyed. Be sure to
take into account the increased dissipation in the
MOSFET while using this technique.

Figure 3B shows a proper “Star” ground that will
preventlatching. Notice that all grounds meet only at one
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point. On a PC board this means that all traces must
meet at one point, not that they are all connected to the
same trace. See Figures 4a and 4b.

Decoupling

Another source of latch-up problems are: ripple and
noise on the power supply voltage. V§ may be properly
decoupled at the power supply, but at the supply pins of

generated by the combination of the fast peak currents
that are being drawn by the IC and the parasitic
inductances and resistances of the power supply
conductors. See Figures 5a and 5b.

This problem can be very pronounced with IC’s
driving large loads, as is the case of a TSC426 or
TSC429 driving a power MOSFET. Upon switching, the
TSC429 can draw several amperes of current from the
V¢ supply causing large transients in the local supply

the IC, voltage transients occur. These transients are
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I | 01 80 : r i‘l
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Figure 3A: Improper Ground Figure 4A: Improper PC Layout
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Figure 3B: Proper Ground

Figure 4B: Proper PC Layout

17-130



LATCH UP PROTECTION
OF CMOS ICs

CMOS

voltage. If TSC429’s input is very close to the system
supply voltage, as it can be when being driven by CMOS
logic, then the local Vs supply can drop significantly
below the input, triggering the parasitic SCR. The
parasitic SCR is very fast and this transition need last
only a few nanoseconds for latching to occur.

Aggravating this is the temperature dependence of
the parasitic transistors. Their base emitter voltage
decreases ~ 2.2 mV/C° as temperature increases,
making them increasingly more sensitive totransients as
the chip temperature rises. Many times a system which
performed admirably on the bench begins to experience
problems at high temperatures because the local de-
coupling was marginal.

The obvious solution is to properly decouple the
supply bus so that V¢ can’t drop below the value of the
input signal. A second less obvious solution is to reduce
the logic level applied to the input of the device.

Although lowering the input voltage will help these
spikes that occur, they can cause other ICs on the same
power supply to suffer rioise immunity problems from the
noise generated by the driver IC. ) ‘

In some applications, such as portable instru-
mentation, it is desirable to keep the total power
consumption ata minimum and designers willcommonly
shut off power to unused portions of the system to
conserve battery life. This can cause problems when an
input signal is always present but the Vs line is turned
“off”. In this case, a resistor in series with the CMOS
device’s input will limit the injected current to a value
below that listed in the device data sheet as “the
maximum current into any pin”. When Vs is subsequently
switched “on”, the SCR action will be prevented.

Diodes

A very reliable method for preventing the parasitic
SCR action is to guard all the susceptible IC pins with
steering diodes. This is most commonly used when a
MOSFET driver is driving an inductive load such as a
long length of wire or a pulse transformer.

Placing a reverse biased diode "between each
supply rail and the input/output pin, as shown in Figure
6a and 6b, limits the applied voltage swing to no more
than the supply voltage plus the forward voltage drop of
the clamping diode. For this reason Schottky diodes are
usually the best choice for this technique as their forward
voltage drop is less than the parasitic SCR’s base emitter
drop at any temperature. A Philips/Mullard/Amperex
BYV10-30, for example, will work well for higher power
applications such as MOSFET drivers. A BAT54 dual
diode works well for surface mount applications and with
lower power ICs such as op-amps and A/D converters.

Germanium diodes, such as a 1N270, will work well
also, but may be too leaky for some applications.
Standard signal diodes, the 1N4148 or 1N914 for
example, are frequently used; their larger junctions
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having a lower effective forward drop than the parasitic
junctions in the IC work effectively as over/under voltage
clamps.

In some instances where standard junction diodes
are too leaky, such as might be the case in Figure 6b, a
very low leakage junction FET, (JFET), acting as a diode,
will do the trick. These devices can have leakages as low
as afew picoamps and are very quick in responding. For
these applications contact Teledyne Crystalonics.

Resistors

In applications where triggering of the parasitic SCR
is nota concern and protecting the IC from destruction is
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Figure 6A: TSC901 With Diode Clamps.
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Figure 6B: TSC429’s Driving Pulse Transformer

the only issue, then adding a resistor in series with the
power supply pin will prevent device destruction. Once
the SCRhas been triggered, the supply voltage will have
to be brought momentarily to zero to reset the SCR, but
no damage will have been done to the IC unless the
series resistor was not large enough to limit the fault
currentto a safe value. This is the lowest cost solution to
prevent device damage.

Using the resistor has limitations however. The
resistor will limit the current allowed for the decoupling
capacitor, which in turn limits the frequency that the
circuit can be driven at due to the RxC value.

This method works very well in DC op-amp circuits
as op-amps draw very little peak current and the circuitis
only amplifying DC; no AC component-no RxC problems.

Advances in CMOS Processing

As stated earlier, the parasitic SCRis intrinsic tothe
structure of CMOS devices and can not be eliminated.
However, it can be tamed, and through advanced
processing and circuit design techniques pioneered by
Teledyne Semiconductor, the problem of SCR latch-up
has been eliminated.

CONCLUSION

Latch-up in CMOS IC's is preventable. Simple
circuittechniques and attention to system design details
will insure that CMOS’ full potential can be realized in all
operating environments. Designers can also look forward
to the day, in the not too distant future, when even these
few simple precautions are no longer necessary.
Synopsis:

To prevent latch-up:

A. Properly decouble IC.

B. Clamp outputs with diodes when driving
inductive loads.

C. Clamp inputs with diodes if input signal
exceeds the negative or positive rails of
the power supply.

D. Use Star grounds if at all possible in high
current-applications.
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CMOS SMPS
CURRENT MODE CONTROLLER

By Ron Vinsant

APPLICATION
NOTE 32

The TSC170 is the worlds first CMOS current mode
PWM control IC. It features pulse by pulse current limiting,
inherent feed forward, simple loop compensation, low
power consumption and an output stage optimized to drive
power MOSFETS.

Current Mode Control

Firsta word about current mode control. Current mode
control has been an industry buzz word for some time but is
still not well understood. Current mode control is most often
used for buck regulators and buck derivatives. It can be
used for half bridge designs but is harder to implement.

There are a number of current mode control schemes
in use. The TSC170's architecture is that of a fixed
frequency, peak current terminating design. The clock
starts the cycle and when the peak current reaches a value
set by Vrer the cycle is terminated until the next clock pulse.
See Figure 1.

This then would be a system that appears as a
constant current source. This current (in the primary of the
transformer) is in effect very close to the value of the
average current in the output inductor.

The output inductor is then effectively taken out of the
feedback loop that we have added in Figure 2 because the
inductor is fed from a constant current source. Since the
inductor is effectively removed from the circuit we don’t
have to worry about the inductor resonating with the output
capacitor causing an unstable or conditionally stable power
supply. This makes the loop look like a single pole system.
This means that the loop gain decreases as the frequency
increases at a rate of =~ 6 db per octave.

If the system did not have single pole response
(voltage mode control has double pole response) the roll off
would go at 12 db per decade after the gain peaked due to
the LC combination. See Figure 3.
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So then one of the most if not the most significant point
of current mode control is that it makes it easier for the
designer to close the control loop and make it stable.

Oscillator

One area in which the low power consumption of the
TSC170 is most noticeable to the user is in the oscillator
section. The value of timing capacitor and resistor are much
higher than its bipolar counterparts.

CLK -
COMP. FIRY

Veer :

CURRENT AMP.
+

Figure 1: Current Mode with no Voltage Feedback

FILTER -O0uT

CURRENT AMP.

Figure 2: Current Mode with Voltage Feedback

The dead time is a function of the value of the timing
capacitor and the reset current in the TSC170. Typical
values are 220pF to 3300pF. The formula in the data sheet
is approximate and is typically within 25% to 33% of the
actual value for any particular part. ‘

Another way to calculate dead time is dv/dt = |/C
where dv is the hysteresis of the comparator in the oscillator
(= 2 volts), dt is the dead time, | is the reset current sink
(= 1mA) and C is the value of the timing capacitor in farads.
This method of calculation is most useful when the value of
the timing resistor Ro is 20kQ2 and above.

The ramp up time of the capacitor which is the
maximum pulse width is set by the timing resistor on pin 9.
Typical values are 5k to 70kQ.

The ramp never quite gets to O volts during reset,
however, the higher the frequency of oscillation, the closer
to 0 volts the bottom of the ramp gets.

Voltage Reference and Undervoltage Lockout

The voltage reference is setfor 5.1 volts. This voltage is
derived from atemperature compensated zener diode with
abuffered output. It can be used for a reference for the error
amplifier and the current limit set point of pin 1.

LC (VOLTAGE MODE)

0db

C
ONLY

N
oAl SINGLE

REFERENCE db

POLE
(CURRENT MODE)

-40db

0 10 100 1K 10K

FREQUENCY KHz

Figure 3: Ideal Loop Response Voltage and Current
Mode

The under voltage circuit is specified for start up point
and hysteresis to the stop point. This allows the designer to
accurately calculate when the TSC170 will start and stop
when powered by an external supply. Since this external
supply may be the power line this can be a very useful
feature and can save costly external circuits that monitor
the supply.
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Current Limit Amplifier

The current limit amplifier is a fixed gain high frequency
amplifier. lts purpose is to allow a small input signal from a
currentsense transducer such as a currenttransformer or a
resistor. By arranging for a small input the losses across the
current sense element are held to a minimum.

The fixed gain of the current amplifier limits the input
voltage to 1.1 volts. At this input voltage the amplifier has run
out of swing and is approaching saturation.

The TSC170 data sheet shows some typical current
sensing schemes.

Maximum Current Set Point (Pin 1)

The maximum current set point is adjusted by the
value of the voltage that appears at pin 1. The TSC170 data
sheet shows how to set the value of the resistors for the
intended application. These resistors also determine (by
the amount of current flowing through the top resistor) the
mode that the TSC170 will go into upon shutdown. There
are two modes “hick-up” and latch. See Figure 4.

Shutdown

Hick-up mode is where the power supply resets itself
upon shutdown and then goes through a soft start cycle. If
shutdown is still invoked the power supply will reset again

and the cycle will start over.

The latch mode is set by allowing the currentinto pin 1
to be greater than 125uA. When pin 16, the shutdown input,
goes high the shutdown comparator trips, causing Q2 to
turn on which generates a voltage feedback signal to the
lock-up amplifier turning on Q2 which results in Q2
remaining on no matter what the state of pin 16.

The only way to get out of latch mode is to stop the
current into pin 1. This can be accomplished by recycling
the power to the TSC170 or by opening the current path to
pin 16.

The TSC170 data sheet explains how to calculate the
value of the divider string for the two modes and how to set
the peak current limit.

By adding a capacitor from the intersection of R1 and
R2 to ground, a soft start function can be generated. The
capacitor slowly charges causing the voltage at pin 1
(whichis the value of the peak current limit) to rise will cause
the pulse width to slowly increase. Note that since the
capacitor is fed from a voltage source the rise is exponential,
not linear.

Output Stage
The mostimportant thing to remember about the output
stage is that it is not possible to tie the output stage supply
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Figure 4: Shut Down and Current Limit Control Section TSC170
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pin, 13 to a voltage that is more than 350 mV differentthan
the Vin pin, 15. This will resultin the latch up ofthe TSC170.
This latch up phenomena is explained in Application Note
31.

Each output can drive a 1000 pF load 16 volts in only
50 ns. If greater speed is required an additional output
driver such as the TSC44XX family can be usedto increase
the output current. These drivers are capable of up to 6
amps of drive current.

Figure 5 shows how an external driver can help get
around the limitation of only one power supply for the
TRC170.

Example Power Supply Using the TSC170

The 100W power supply diagram shows the TSC170
used in a push-pull configuration. The pulse by pulse
current limiting guarantees that each switching transistor
always switches the same amount of current maintaining
flux balance in the transformer. This eliminates saturation in
push-pull converters.

An important point in the use of first generation CMOS
power control devices such as the TSC170 is that the layout
can affect the operation of the device greatly.

An example of this is the current sense resistor in

Figure 6. The ground end of the resistor meets all the other
grounds at a single point (star ground). This prevents noise
in the system that could cause latch up, and makes the
entire system less sensitive to general noise problems.

This power supply has soft start capability and is setto
work in “hick-up” mode. A second CMOS comparator has
been added as a safety device so that if a value of currentis
demanded by the error amplifier that is too high, instead of
going into a constant current mode the external
comparator causes the TSC170 to reset through the
shutdown pin.

This entire control circuit running at 125KHz not
including the TSC427 drive current, is only 2.4 mA. This
would allow the control circuitry to run directly off the 48 volt
input {through a dropping resistor and shunt zener) while
the TSC427 could be supplied from a secondary winding
on the transformer, similar to the scheme shown in Figure 5.

Conclusion

CMOS power control is now a reality. The TSC170
dissipates very little power when compared to its bipolar
counterparts. This combined with its fast rail to rail drive
capability make the TSC170 a natural replacement for
older bipolar parts.
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s
"
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: l TSC427
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Figure 5: Self Powered Drive Scheme
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By Wes Freeman

Solve Sensor
Offset Problems with TSC7106

Design Engineers sometimes have to interface our TSC7106
and similar ADCs to “non-ideal” sensors. A very common
problem is that the sensor often does not give a “zero” output
where the design wants a zero reading.

One example of a “non-ideal” sensor is a diode used as a
temperature sensor. The diode typically changes -2 mV per
degree Celsius, but the change is from the diode’s forward
voltage of 600 mV or so. In order for the display to read “000”
at 0.0 degrees, an offset must be provided.

The differential inputs of the TSC7106 yield an easy solution
to the offset problem. Figure 1 shows a simple thermometer
with a diode sensor. Because the diode voltage decreases as
temperature increases, IN LO is connected to the diode
temperature sensor. The IN HI input is connected to a trim-
pot which is used to cancel the diode’s forward voltage.

The offset problem gets a little more difficult, however, if a
sensor requires a negative offset. The easiest way, shown in
Figure 2, is to use a TSC9491 reference. This will provide an
offset of up to -1.22 V. The only “trick” to this circuit is that
Resistor R1 must source enough current for the TSC9491
plus a few extra microamps for the COMMON input.

Figure 2 also demonstrates the utility of the TSC7106 families’
differential reference. The effective reference voltage is
simply the difference between the REF HI and REF LO inputs.
In this way, the same TSC9491 can be used to produce both
input offset and reference voltages.

Negative Offset

Positive Offset

160 k :: 300 k

IN4148 L50 k
SENSOR <

R2

Figure 1

%m
> 22k

REF HI

INPUT

COMMON

”»

OFFSET
ADJUST

p.
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TSC9491

<
>
50 k S

>
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Figure 2
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TSC7660 Powers RS-232 Data Loop

By Wes Freeman

e Low Cost Adapter

The introduction of single-voltage EPROMS and dynamic
RAMSs has permitted designers to produce complete digital
systems powered by a single 5 volt supply. One area which
has not yielded to single-supply operation, however, is the
RS-232 interface. If a system must communicate with an
RS-232 serial device, such as a printer oranother computer, a
separate power supply is required.

The circuit in Figure 1 provides an RS-232 driver without
requiring a second power supply. Originally built for down-
loading files from an IBM PC to an AIM-65, the circuit is
applicable to a wide variety of single-board computers as
well as single chip microprocessors such as intel’s 8051. In
100-piece quantities the component cost is less than $3.00,
and pc board space is only a little more than is occupied by a
20-pin socket.

Understanding the circuit’s operation is easy. U1 is the
CMOS TSC7660 DC-to-DC converter. It contains an oscil-
lator and matrix of switches which convert the +5 volt supply
to -5 volts. The optoisolator converts the TTL-level input
current into a voltage which swings between the plus and
minus supply rails, producing RS-232 compatible output
levels.

Resistor R1 determines the RS-232 output voltage swing.
R1’s value is determined by the input specifications of the
receiving device, current transfer ratio of the optoisolator,
and the driving circuit’s output current capability.

The RS-232 input voltage spec is +3 volts. The minimum
input resistance of the MC1489, a typical RS-232 receiver,

is about 3 kQ). Therefore, 1 mA of current must be supplied,
and R1 must be:

_sv-3v
1mA

For reliable operation the optoisolator should be biased to
saturation, so:

R1 = =2kQ

lorTO = J0VL 5V —gemA
2 kQy 3k

Since the optoisolator’s current transfer ratio is only 20%,
the LED current must be:

b= 6:6MA*100% _ 33 11a
20%

This value is within the capability of the 7438 driver supplied
with the AIM-65 computer. For interfacing to lower-power
devices a higher gain optoisolator can be substituted. The
4N33 Darlington, for example, has a current transfer ratio of
500%, which reduces input drive current requirements to
only 1.3 mA.

ILE

For a cable length of six feet, the circuit operates properly up
to 9600 baud. Unfortunately, high baud rates are not always
useable. This is because many computer. prototyping
boards seem to have software serial-communications routines
which are designed for 110 baud teleprinters. These routines
do not make use of the handshaking signals which RS-232
provides. Unless the serial communications routines are re-
written, lower baud rates may be required for proper operation.

——
7] siGNAL
GND O J_ GROUND
3 .
== 10ufd
GND
2
SINGLE BOARD COMPUTER 7 be-pe
OR OTHER SERIAL N converter |
MMUNICATIONS DEVICE
104fd Vour 5V
Rs-232
o) DB-25
o Tscree CONNECTOR
cap-—
v+
la
+5 VO~
. anzs
S1w0e OPTOISOLATOR m
< 2P TOISOLATOR S Hka
1 *
5 3" | rransmitren
K SERIAL DATA | DATA
SERIAL 2 4 ouTPUT
pATA O— 2 (Rs-232)
" QuTeuT, *CONFIGURES THE SINGLE BOARD COMPUTER
Figure: 1 (TTL LEVEL) AS DATA COMMUNICATIONS EQUIPMENT (DCE)

This low cost circuit converts TTL-level signals to an RS-232 level without the expense of a negative power supply. The TSC7660’s
-5 V output permits the optoisolator to swing to RS-232 levels at up to 9600 baud.
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By Dave Gillooly

+5 V Power Supply Operation
with TSC7106A/TSC7107A

The TSC7106A/7106 3 1/2 digit analog-to-digitial converters
with liquid crystal display drive can be powered from *5 V
power supplies easily. Low cost voltage regulators such as
the LM7805 (+5 V) and LM7905 (-5 V) power the TSC7106A/
7106 in Figure 1. Analog common, internally referenced to
3 V below the positive supply potential, is used to supply the
converter reference.

If only +5 V is available the low cost TSC7660 DC to DC con-
verter easily generates the -5 V supply as in Figure 2. A
TSC7107A/7107 LED display converter can also be powered
by a TSC7660.

An external voltage reference replaces the internal reference
in Figure 3. Chip temperature variations caused by changing
LED display drive current can cause full-scale drift if the in-
ternal reference does not have a low temperature coefficient.
Input signal magnitude and the corresponding seven seg-
ment display code determine how many LED segment drivers
are active. The TSC7107A featuresan improved low tempera-
ture drift internal voltage reference.

The TSC7107A is directly pin compatible with the first gene-
ration ICL7107 device and lowers temperature induced full-
scale drift (See the TSC7107A Data Sheet Also).
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Figure 1: TSC7106A/7106 Operates From +5 V Power Supplies
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+5 V Power Supply Operation

With TSC7106A/TSC7107A
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“WNTELEDYNE

SEMICONDUCTOR

APPLICATION BRIEF 10

Vendors for Support

Components

Many Teledyne Semiconductor products use displays, cry-
stals and capacitors. A partial list of potential suppliers for
components is given below. Although not exhaustive, the list

LED Displays

® AND

Burlingame, CA 94010
(415) 347-9916

TWX: 910-374-2353

® General Instrument
Opto Electronics Division
Palo Alto, CA 94304
(415) 493-0400

® Hewlett Packard
Opto Electronics
640 Page Mill Road
Palo Alto, CA 94304
(415) 857-5948

® |itronix
Cupertino, CA 95014
(408) 257-7910
TWX: 910-338-0022

Oscillator Crystals

® Daiwa Sinku Corp.
Hirakacho, Kakogowa Hyogo, Japan
0794-26-3211

® |nternational Piezo Ltd.
Hong Kong

3-351051

TELEX: 35454 XTAL HX

. ® Jameco
Belmont, CA
(415) 592-8097
TELEX: 176043

® Statek Co.
Orange, CA 92668
(714) 639-7810
TWX: 910-593-1355

Piezoelectric Audio
Transducers

® Murata Erie
Marietta, GA 30067
(404) 952-9777
TWX: 810-766-1531

® Piezoelectric Products
Gulton Industries
Metuchen, NJ 08840
(201) 548-2800

Liquid Crystal Displays
® Amperex

Slatersville, Ri 02876

(401) 762-3800

TWX: 710-382-6332

® Crystaloid
Hudson, OH 44236
(216) 655-2429

® Epson

Torrance, CA 90505
(213) 534-0360
TELEX: 182412

® Hamlin

Lake Mills, WI 53551
(414) 648-2361
TWX: 910-260-3740

® Printed Circuits International
1145 Sonora Court

Sunnyvale, CA 94086

(408) 980-0591

® REFAC

Winsted, CT 06098-0809
(203) 379-2731

TWX: 710-449-6464

® UCE
Norwalk, CT 06855
(203) 838-7509

® Varitronix

VL Electronics

Los Angeles, CA 90027
(213) 661-8883

TELEX: 821-554

Liquid Crystal Display
Connectors

® Tecknit

129 Dermody Street
Cranford, NJ 07016
(201) 272-5500
TWX: 710-996-5951

This listing does not represent an endorsement of manufacturer’s productora
guarantee of suitablity. Contact the supplier for specific product information.
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should help development. Additional vendors can be found
in the U.S. Industrial Directory, Electronic Design’s Gold
Book, and Who's Who in Electronics.

Polypropylene Capacitors

® |International Components
Melville, NY 11747

(516) 293-1500

TELEX: 143130

® S&EIl Manufacturing
Northridge, CA 91324
(213) 349-4111

TWX: 910-493-1252

® Seacor

Westwood, NJ
(201) 666-5600
TELEX: 135354

® Sprague Electric
North Adams, MA
(413) 664-4411

® TRW Capacitors
Ogalla, NE
(308) 284-3611

® Wesco
Greenfield, MA 01301
(413) 774-4358

® West Lake Capacitors
West Lake Village, CA
(818) 889-4120

TWX: 910-494-4779

Quad Flat Package
Test Sockets

® Nepenthe Distribution

2471 East Bayshore, Suite 520
Palo Alto, CA 94303

(415) 856-9332

Resistor Networks

® Caddock Electronics
1717 Chicago Avenue
Riverside, CA 92507
(714) 788-1700

TWX: 910-332-6108



Notes

ENGINEER: OEPT-
PROJECT: DATE:
DESCRIPTION
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I Semconouctor APPLICATION BRIEF 11

LCD Displays for Autoranging and
By Wes Freeman Bar Graph Output A/D Converters

Teledyne Semiconductor has developed several ~ Displays for Autoranging A/D Converters
analog to digital converters with unique LCD display
formats. To speed prototype evaluation of these prod- Product Part Number
ucts, standard displays are available from Crystaloid TSC805/815/816 SX-1028
Electronics. This application brief lists the LCD manufac-
turer part numbers for several of Teledyne

Semiconductor's A/D converters. Displays for Bar-graph Display A/D Converters
The vendor supplying these products can also

design custom displays for almost any application. Product Part Number

Please contact the vendor directly for information on

available size, style, connector and display color options. TSC825 ST-1315
TSC826 SX-1029
TSC827 ST-1315-M1
TSC828 ST-1322-M1

Graphic Output Analog to Digital Converters

TSC Resolution Set Dual Display
Part No. (%) Points Polarity Type Description

TSC825 1.0 No No MTPLX 1% ADC with on-chip drivers for a 101-segment bar graph
display. Differential inputs and reference. On-chip reference.

TSC826 25 No Yes Direct 2.5% ADC with 41-segment LCD drive. Differential inputs
with £20 mV to +2 V full scale. Bar or Dot display format.
Display HOLD input. On-chip reference.

TSC827 1.0 Yes No MTPLX 0.1% ADC with 101-segment LCD drive. Serial Data Output.
High and Low set point alarms. HOLD input. Differential
inputs and reference. On-chip voltage reference.

TSC828 0.1 Numeric NA MTPLX Numeric Display controller for TSC827. Displays TSC827 A-D
result to 0.1% resolution, plus Low and High set point values.
Serial data input. Set point alarm logic outputs and piezoelec-
tric buzzer driver. Five decimal point/annunciator inputs.
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LCD Displays for Autoranging and
Bar Graph Output A/D Converters

Autoranging 3 1/2 Digit Analog to Digital Converters

TSC No. of HOLD
Part No. Ranges Function Package Description

TSC805 22 No  60Pin Flat: Autoranging ADC with on-chip drivers for 3 1/2 digit LCD display,
decimal points, and annunciators. Measures 9 DC/AC voltage, 4
AC/DC current, and 9 high/low power Ohms ranges. On-chip
reference. 9 V battery operation.

TSC815 22 Yes  60Pin Flat Autoranging ADC with on-chip drivers for 3 1/2 digit LCD display,
decimal points, and annunciators. Measures 9 DC/AC voltage, 4
AC/DC current, and 9 high/low power Ohms ranges. Display
HOLD input. On-chip reference. 9 V battery operation.

TSC816 24 Yes 68 Pin Autoranging ADC with on-chip drivers for 3 1/2 digit LCD display,
PLCC decimal points, and annunciators. Measures 9 DC/AC voltage, 6
AC/DC current, and 9 high/low power Ohms ranges. Display
HOLD input. On-chip reference. 9 V battery operation.

Vendor Addresses:

Crystaloid (USA) Crystaloid (Europe)

Crystaloid Electronics Rep France

P.O. Box 628 102, rue des Nouvelles

5282 Hudson Dr. F92150 Suresnes

Hudson, OH 44236 France

Phone: (216) 655-2429 Phone: 33-1-42 04 29 25
Fax: (216) 655-2176 Fax: 33-1-45 06 46 99
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Glossary



Brief Glossary For TSC Products

Analog-to-Digital Converter

Electronic device that converts Analog (continuous) infor-
mation into a Digital word (number). Analog quantities can
be temperature, pressure, weight, chemical concentration,
noise level, and fluid level.

The Digital result can be a number in binary, decimal, or
binary-coded-decimal (BCD).

Auto-Zero
A self-correcting system that insures a Zero output of the
ADC for a Zero input.

Binary

Number system with only two values — 0 or 1 — in each
numeric position. This is the number system used in compu-
ter systems.

Binary-Coded-Decimal (BCD)

A number system whereby binary numbers are grouped in
sets of four to represent decimal (Ten system) numbers. This
system is shown below.

BCD # Decimal #
0000 0

0001
0010
0011
0100
0101
0110
0111
1000
1001

©O~NOUAEWN=

This number system is useful for some A/D converters intended
to be used in displaying the output as decimal numbers.

Bit

A single binary number unit, 0 or 1. An 8-bit number could
appear as:

10011110 (158 in decimal)
or
01000011 (67 in decimal)

or any other combination
from 00000000
to
1111111

Code

Output format of A/D converter. Usually binary, BCD, or
sign-magnitude binary.

Digit
A single decimal number unit that can range in value from 0to 9.
Thus, a 3 1/2 digit A/D converter goes from 0000 to 1999;

a 4 1/2 digit A/C converter can provide outputs from
00000 to 19999;

and a 3 digit converter can provide outputs from
000 to 999.

Note that the “1/2 digit” merely doubles the output range by
adding a Most Significant Bit to the output.

Display ADC

An A/D converter normally designed to convert and display
the numeric value representing the analog signal. Display
ADC's may have the Display Driver builtin (as the TSC7106,
7107, 7116, 7117 have), or may provide multiplexed BCD for
use by external drivers (the TSC14433, TSC7135, and
TSC8750 do this).

Least-Significant-Bit (or Digit)
The lowest number position
for Decimal 1287
t
Least Significant Digit (LSD)
10010011
t
Least Significant Bit (LSB)

for Binary

Multiplexed

Signals sharing a common connection but separated in time
are said to be multiplexed. Multiplexed BCD is characterized
by the 4 BCD signal paths in which the appropriate digits are
separated in time.

Resolution

Number of output states offered by the A/D converter. Fora
binary ADC, the resolution is 2"; where n equals the number
of bits,

thus: 2% =256
2'°=1024
2'2 = 4096
2' = 16384
2'® = 65536

For decimal and BCD ADCs, the resolution equals 10"; where
n is the number of digits (see “Digit” definition).

Sign

Angdditional output in some ADCs that are capable of mea-
suring both + and - voltage. The sign bit identifies this polar-
ity (typically, “1” for + and “0” for -). The coding format
resulting is called Sign-Magnitude Code.
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Glossary of Data Conversion Terms

Absolute Accuracy
The worst-case input to output error of a data converter re-
ferred to the NBS standard volt.

Accuracy

The conformance of a measured value with its true value; the
maximum error of a device such as a data converter from the
true value. See relative accuracy and absolute accuracy.

A/D Converter

Analog-to-digital converter. A circuit which converts an
analog (continuous) voitage or current into an output digital
code.

Auto-Zero

A stabilization circuit which serves an amplifier or A/D con-
verter input offset to zero during a portion of its operating
cycle.

Bandgap Reference

A voltage reference circuit which is based on the principle of ‘

the predictable base-to-emitter voitage of a transistor to
generate a constant voltage equal to the extrapolated band-
gap voltage of silicon (=1.22 V).

Binary Code
A positive weighted code in which a number is represented
by

N = a2’ +ai2' +a22° +a32® + .. +an2"

where each coefficient “a” has a value of zero or one. Data
converters use this code in its fractional form where:

N=ai2"' + 222+ a2+ .. a,2™"
and N has a fractional value between zero and one.

Binary Coded Decimal (BCD)

A binary code used to represent decimal numbers in which
each digit from 0 to 9 is represented by four bits weighted
8-4-2-1. Only 10 of the 16 possible states are used.

Bipolar Mode
For a data converter, when the analog signal range includes
both positive and negative values.

Busy Output
See Status Output

Charge Balancing A/D Converter

An analog-to-digital conversion technique which employs an
operational integrator circuit within a pulse generating feed-
back loop. Current puises from the feedback loop are pre-
cisely balanced against the analog input by the integrator,
and the resulting pulses are counted for a fixed period of time
to produce an output digital word. This technique is also
called quantized-feedback.

Clock

A circuit in an A/D converter that generates timing pulses
which synchronize the operation of the converter.

Common-Mode Rejection Ratio
For an amplifier, the ratio of differential voltage gain to
common-mode voltage gain, generally expressed in dB.

Ap
Acm

CMRR = 20 log1o
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where Ap is differential voltage gain and Acm is common
mode voltage gain. )
Conversion Time

The time required for an A/D converter to complete a single
conversion to specified resolution and linearity for.a full-
scale analog input change.

Differential Linearity Error

The maximum deviation of any quantum (LSB change) in the
transfer function of a data converter from its ideal size of
FSR/2".

Dual Slope A/D Converter

An indirect method of A/D conversion whereby an analog
voltage is converted into a time period by an integrator and
reference and then measured by a clock and counter. The
method is relatively slow but capable of high accuracy.

End of Conversion
See Status Output

Frequency-To-Voltage (F/V) Converter
A device which converts an input pulse rate into an output
analog voltage. .

Full-Scale Range (FSR)

The difference between maximum and minimum analog
values for an A/D converter input or D/A converter output.

Integral Linearity Error

The maximum deviation of a data converter transfer function
from the ideal straight line with offset and gain errors zeroed.
It is generally expressed in LSB's or in percent of FSR.

integrating A/D Converter

One of several types of A/D conversion techniques whereby
the analog input is integrated with time. This includes dual
slope, triple slope, and charge balancing type A/D converters.

Least Significant Bit (LSB)
The rightmost bit in a data converter code. The analog size of
the LSB can be found from the converter resolution:

LsB Size = FSR_
2"

where FSR is full-scale range and n is the resolution in bits.

Linearity Error

See Integral Linearity Error and Differential Linearity Error.
Missing code

In an A/D converter, the characteristic whereby not all output
codes are present in the transfer function of the converter.
This is caused by a non monotonic D/A converter inside the
A/D.

Monotonicity

For a D/A converter, the characteristic of the transfer func-
tion whereby an increasing input code produces a contin-
uously increasing analog output. Nonmonotonicity may
occur if the converter differential linearity error exceeds +1
LSB. '

Most Significant Bit (MSB)

The leftmost bit in a data converter code. It has the largest
weight, equal to one half of full-scale range.



Glossary of Data Conversion Terms

Multiplying D/A Converter
A type of digital-to-analog converter in which the reference
voltage can be varied over a wide range to produce an analog
output which is the product of the input code and input
reference voltage. Multiplication can be accomplished in
one, two, or four algebraic quadrants.

Noise Rejection

The amount of suppression of normal mode analog input
noise of an A/D converter or other circuit, "generally ex-
pressed in dB. Good noise rejection is a characteristic of
integrating type A/D converters.

Offset Drift

The change with temperature of analog zero for a data
converter operating in the bipolar mode. It is generally
expressed in ppm/°C of FSR.

Parallel Type A/D Converter

An ultra-fast method of A/D conversion which uses an array
of 2" - 1 comparators to directly implement a quantizer,
where n is the resolution in bits. The quantizer is followed by
a decoder circuit which converts the comparator outputs into
binary code.

Power Supply Sensitivity

The output change in a data converter caused by achangein
power supply voltage. Power supply sensitivity is generally
specified in %/V or in %/% supply change.

Ratiometric A/D Converter
An analog-to-digital converter which uses a variable reference
to measure the ratio of the input voltage to the difference.
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Relative Accuracy

The worst case input to output error of a data converter, as a
percent of full-scale, referred to the converter reference. The
error consists of offset, gain, and linearity components.

Resolution

The smallest change that can be distinguished by an A/D
converter or produced by a D/A converter. Resolution may
be stated in percent of full-scale, but is commonly expressed
as the number of bits n where the converter has 2" possible
states.

Status Output

The logic output of an A/D converter which indicates whe-
ther the device is in the process of making a conversion or
the conversion has been completed and output data is ready.
Also called busy output or end of conversion output.

Temperature Coefficient
The change in analog magnitude with temperature, ex-
pressed in ppm/°C.

Three-State Output

A type of a/D converter output used to connect to a data bus.
The three output states are logic 1, logic 0, and off. An enable
control turns the output on or off.

Voltage-To-Frequency (V/F) Converter
A device which converts an analog voltage into a train of digi-
tal pulses with frequency proportional to the input voltage.

Zero Drift

The change with temperature of analog zero for a data con-
verter operating in the unipolar mode. It is generally ex-
pressed in uV/°C.



Notes
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Main Sales Offices

Domestic Sales Offices

Teledyne Semiconductor

1300 Terra Bella Avenue

P.O. Box 7267

Mountain View, CA 94039-7267
415/968-9241

TWX: 910-379-6494

FAX: 415-967-1590

Teledyne Semiconductor
Eastern Sales Office

11 E. Chase St.

Suite 5B

Baltimore, MD 21202
Tel: (301) 659-9880
FAX: 301-659-9882

Teledyne Semiconductor
New England Sales Office
52 Guild St.

Suite 16

Norwood, MA 02062
(617) 769-9420

FAX: 617-769-0469

Foreign Sales Offices

Teledyne Semiconductor
Abraham Lincoln StrafBe 38-42
6200 Wiesbaden

West Germany

Tel: 6121-768-0

TLX: 418-6134

FAX: 6121-768155

Teledyne Semiconductor
The Harlequin Centre
Southall Lane

Southall

Middlesex, UB2 5NH

- England

Telephone 1-571-9596
TLX: 935008
FAX: 1-571-9439

Teledyne Semiconductor
85, Rue Anatole France
F-92300 Levallois-Perret
Tel.: 1-47 571970

TLX: 611752

FAX: 1-47 59 92 69

Teledyne Semiconductor
10 Sam Chuk Street

1/F., San Po Kong Kowloon
Hong Kong

Telephone 852-3-240122
TLX: 780-43549

FAX: 852-3-351-2344




United States Manufacturers Representatives

Alabama

Connecticut

Hawaii

Action Component Sales Inc.
3005 L&N Drive #4
Huntsville, AL 35801

(205) 533-0287

Alaska

Teledyne Semiconductor

1300 Terra Bella Avenue

P.O. Box 7267

Mountain View, CA 94039-7267
Telephone: (415) 968-9241
TWX: 910/379-6494

FAX: 415/967-1590

Arizona

Teledyne Semiconductor

1300 Terra Bella Avenue

P.O. Box 7267

Mountain View, CA 94039-7267
Telephone: (415) 968-9241
TWX: 910/379-6494

FAX: 415/967-1590

California

Megarad Sales

3823 Patrick Henry Place
Agoura, CA 91301

(818) 991-0091

(San Francisco)

Teledyne Semiconductor
1300 Terra Bella Avenue
P.O. Box 7267

Mountain View, CA 94039-7267
Telephone: (415) 968-9241
TWX: 910/379-6494

FAX: 415/967-1590

San Diego

Bestronics, Inc.

9683 Tierra Grande Stree
Suite 102 ‘
San Diego, CA 92126
(619) 693-1111

Megarad Sales
1620 El Portal Drive
La Habra, CA 90631
(213) 694-1750

Colorado

Candal Inc.

7500 W. Mississippi
Suite A-2

Lakewood, CO 80226
(303) 233-0155

Teledyne Semiconductor
N.E. Sales Office

52 Guild St.

Suite 16

Norwood, MA 02062
(617) 769-9420

TWX: 710-321-9311
FAX: 617-769-0469

Delaware

Teledyne Semiconductor

1300 Terra Bella Avenue

P.O. Box 7267

Mountain View, CA 94039-7267
Telephone: (415) 968-9241
TWX: 910/379-6494

FAX: 415/967-1590

District of Columbia

Walker-Houck Associates
10706 Reisterstown Rd.
Suite D

Owings Mills, MD 21117
(301) 356-9500

Florida

ElectroCraft, Inc.

12880 Automobile Blvd.
Suite G

Clearwater, FL 34622
(813) 573-2277

Georgia

’
Action Component Sales Inc.
494 Cove Road
Suite 17
Jasper, GA 30143
(404) 998-7227

Teledyne Semiconductor

1300 Terra Bella Avenue

P.O. Box 7267

Mountain View, CA 94039-7267
Telephone: (415) 968-9241
TWX: 910/379-6494

FAX: 415/967-1590

Idaho

Electronic Sources Incorporated
17020 S.W. Upper Boones Ferry Rd.
Suite #103

Portland, OR 97224

(503) 684-0040

Hlinois

Dolin Sales Co.

609 Academy Dr.
Northbrook, IL 60062
(812) 498-6770

Indiana

Luebbe Sales Company
6515 E. 82nd Street

Suite 202

Indianpolis, IN 46250
Telephone: (317) 845-7389
FAX: 317-845-5875

lowa

Hitec Central, Inc.

1644 26th St. N.W.
Cedar Rapids, IA 52405
(319) 396-3228

Kansas

Hitec Central Inc.

803 Choctaw
Independence, MO 64056
(816) 796-6684

Kentucky

Teledyne Semiconductor

1300 Terra Bella Avenue

P.O. Box 7267

Mountain View, CA 94039-7267
Telephone: 415/968-9241

TWX: 910/379-6494

FAX: 415/967-1590
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United States Manufacturers Representatives (Cont.)

Louisiana Mississippi New Jersey
MREP Action Component Sales, Inc. Sunday O’Brien
12801 Stemmons Fwy 555 Sparkman Drive 15 Potter St.

Suite 825
Dallas, TX 75243
(214) 484-5711

Suite 208
Huntsville, AL 35816
(205) 539-2074

Maine Missouri
Teledyne Semiconductor Hitec Central Inc.
N.E. Sales Office 2282 Goldfinch

52 Guild Street
Suite 16

Norwood, MA 02062
(617) 769-9420
FAX: 617-769-0469

Maryland

Walker-Houck Associates
10706 Reisterstown Rd.
Suite D

Owings Mills, MD 21117
(301) 356-9500

Massachusetts

Teledyne Semiconductor
52 Guild Street

Suite 16

Norwood, MA 02602
(617) 769-9420

FAX: 617-769-0469

Michigan

Luebbe Sales Company

27280 Haggerty Road C-11e

Suite 202

Farmington Hills, Ml 48331
Telephone: (313) 489-8828
FAX: 313-489-8829

Minnesota

Microelectronic Sales
6440 Flying Cloud Drive
Minneapolis, MN 55344
(612) 829-0948

Florissant, MO 63031
(816) 796-6684

Montana

Electronic Engineering Sales
8405 165th Ave.

Redmond, WA 98052

(206) 883-3374

Nebraska

Hitec Central Inc.

803 Choctaw
Independence, MO 64056
(816) 796-6684

Nevada

(Las Vegas)

Megarad Sales

3823 Patrick Henry Place
Agoura, CA 91301

(213) 991-5747

(Reno)

Teledyne Semiconductor

1300 Terra Bella Avenue

P.O. Box 7267

Mountain View, CA 94039-7267
Telephone: (415) 968-9241
TWX: 910/379-6494

FAX: 415/967-1590

New Hampshire

Teledyne Semiconductor
N.E. Sales Office

52 Guild Street

Suite 16

Norwood, MA 02062
(617) 769-9420

FAX: 617-769-0469

Haddonfield, NJ 08033
(609) 429-4013

New Mexico

1300 Terra Bella Avenue

P.O. Box 7267

Mountain View, CA 94039-7267
Telephone: (415) 968-9241
TWX: 910/379-6494

FAX: 415/967-1590

New York

Teledyne Semiconductor

1300 Terra Bella Ave.

P.O. Box 7267

Mountain View, CA 94039-7267
Telephone: (415) 968-9241
TWX: 910/379-6494

FAX: 415/967-1590

North Carolina

Teledyne Semiconductor

1300 Terra Bella Avenue

P.O. Box 7267

Mountain View, CA 94039-7267
Telephone: (415) 968-9241
TWX: 910/379-6494

FAX: 415/967-1590

North Dakota

Microelectronic Sales
6440 Flying Cloud Dr.
Minneapolis, MN 55344
(612) 829-0948
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United States Manufacturers Representatives (Cont.)

Ohio Rhode Island Utah
Luebbe Sales Company Teledyne Semiconductor Anderson Associates
7260 Edington Drive N.E. Sales Office 270 S. Main Street

Cincinnati, OH 45249
Telephone: (513) 530-0600
FAX: 513-530-0623

Luebbe Sales Company
6480 Busch Blvd.

Suite 131

Columbus, OH 43229
Telephone: (614) 431-0474
FAX: 614-431-0957

Luebbe Sales Company -
21330 Center Bidge Road
Cleveland, OH 44116
Telephone: (216) 333-0426
FAX: 216-333-0704

Luebbe Sales Company
3832 Kettering Blvd.
Dayton, OH 45439
Telephone: (513) 294-0426
FAX: 513-294-3167

TWX: 513-459-1779

52 Guild Street
Suite 16

Norwood, MA 02062
(617) 769-9420
FAX: 617-769-0469

South Carolina

Teledyne Semiconductor
1300 Terra Bella Avenue
P.O. Box 7267

Mountain View, CA 94039-7267

Telephone: (415) 968-9241
TWX: 910/379-6494
FAX: 415/967-1590

South Dakota

Microelectronic Sales
6440 Flying Cloud Dr.
Minneapolis, MN 55344
(612) 829-0948

Oklahoma

MREP Tennessee

12801 Stemmons -

Suite 825 Action Component Sales, Inc.

Dallas, TX 75234
(214) 484-5711

Oregon

3005 L & N Drive
Suite 4

Huntsville, AL 35801
(205) 533-0287

Electronic Engineering Sales

12070 SW Upper Boones Ferry Road
Suite 301

Portland, OR 97224

(503) 639-3978

Pennsylvania

Sunday O’Brien

15 Potter St.
Haddonfield, NJ 08033
(609) 429-4013

Luebbe Sales Company
9600 Perry Highway

Suite 208

Pittsburgh, PA 15237
Telephone: (412) 364-0490
FAX: 412-364-4290

Texas

MREP

12801 Stemmons
Suite 825

Dallas, TX 75234
(214) 484-5711

MREP

1306 "M 1092

Suite 208

Missouri City, TX 77459
(713) 261-0798

Suite 108
Bountiful, UT 84010
(801) 292-8991

Vermont

Teledyne Semiconductor
N.E. Sales Office

52 Guild Street

Suite 16

Norwood, MA 02062
(617) 769-9420

TWX: 710-321-9311
FAX: 617/769-0469

Virginia

Walker-Houck

105 Oak Hollow Drive
Moneta, VA 24121
(713) 297-4496

Washington

Electronic Engineering Sales
8405 165th Ave.

Redmond, WA 98052

(206) 883-3374

Wisconsin

Dolin Sales Co.

609 Academy Dr.
Northbrook, IL 60062
(312) 498-6770

Wyoming

Anderson Associates.
270 S. Main Street
Suite 108

Bountiful, UT 84010
(801) 292-8991
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United States Distributors

Alabama

California (Cont.)

Connecticut (Cont.)

Marshall Industries

3313 Memorial Parkway South
Suite 106

Huntsville AL 35801

(205) 881-9235

Quality Components

4900 University Square #20
Huntsville, AL 35816

(205) 830-1881

FAX: 205-837-3330

Future/Cetec Electronics
21730 Nordhoff Street
Chatsworth, CA 91311
(818) 700-0914

Marshall Industries
9710 DeSota Ave.
Chatsworth, CA 91311
(818) 407-0101

Marshall Industries
9674 Telestar Ave.

Arizona

El Monte, CA 91731
(818) 459-5500

Future/Cetec Electronics
4636 E. University

Suite 245

Phoenix, AZ 85034

(602) 968-7140

Marshall Industries
9830 S. 51st St.
Suite B121
Phoenix, AZ 85044
(602) 496-0290

Future/Cetec Electronics
1692 Browning Avenue
Irvine, CA 92714

(714) 250-4141

Marshall Industries

One Morgan

Irvine, CA 92718

(714) 859-5050
Future/Cetec Electronics
3940 Ruffin Road, Unit E
San Diego, CA 92123

California

(619) 278-5020
Marshall Industries

All American

2908 Oregon Court, Unit 2-G
Torrance, CA 90503

(213) 320-0240

All American

1590 Old Oakland Rd., Suite B-110
San Jose, CA 95131

(408) 287-0190

FAX: 408-287-7839

Future Electronics

575 River Oaks Parkway
San Jose, CA 95134
(408) 434-1114

FAX: 408-433-0822

Marshall Industries
336 Los Coches St.
Milpitas, CA 95035
(408) 942-4600
FAX: 408-262-1224

Marshall Industries
Sacramento Division

3039 Kilgore Ave. #140
Rancho Cordova, CA 95670
(916) 635-9700

FAX: 916-635-6044

10105 Carroll Canyon Rd.

San Diego, CA 92131
(619) 578-9606
Micro-Die Systems
23860 Madison St.
Torrance, CA 90505
(213) 373-0687

Colorado

Future Electronics
9046 Marshall Court
Westminster, CO 80030
(303) 650-0123

FAX: 303-650-0937

Marshall Industries
12351 North Grant Street
Thornton, CO 80241
(303) 451-8383

FAX: 303-457-2899

Connecticut

Future Electronics
24 Stony Hill Rd.
Bethel, CT 06801
(203) 743-9594

Marshall Industries

20 Sterling Dr.

Barnes Ind. Park

P.O. Box 200
Wallingford, CT 06492
(203) 265-3822

Florida

All American

16251 NW 54th Ave.

Miami, FL 33014

(305) 621-8282

Chip Supply

7725 N. Orange Blossom Trail
Orlando, FL 32810

(305) 298-7100

Future Electronics
4900 M. Creekside Dr.
Clearwater, FL 34620
(813) 578-2770

Future Electronics

380 S. Northlake Blvd.

Suite 1048

Altamonte Springs, FL 32701
(305) 767-8414

Marshall Industries

2700 W. Cypress Creek Rd.
Suite C106

Ft. Lauderdale, FL 33309
(305) 977-4880

Marshall Industries

380 S. Northlake Bivd.

Suite 1024

Altamonte Springs, FL 32701
(305) 767-8585

Marshall Industries

2840 Scherer Drive
Suite 410

St. Petersburg, FL 33702
(813) 573-1399

Quality Components
15212 Race Track Rd.
Tampa, FL 33626
(813) 854-2614

FAX: 813-854-1446
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United States Distributors (Cont.)

Georgia lowa (Cont.) Michigan

Future Electronics Dee Electronics Advent Electronics

3000 Northwoods Pkwy. 2500 16th Ave. SW. 24713 Crestview Ct.
Suite 295 Cedar Rapids, |IA 52406 Farmington Hill, Mi 48018

Norcross, GA 30071
(404) 441-7676

Marshall Industries

4350 J. International Bivd.
Norcross, GA 30093
(404) 923-5750

Quality Components
6145 Northbelt Parkway
Suite B

Norcross, GA 30071
(404) 449-9508

FAX: 404-449-0257

Illinois

Advent Electronics
711016 N. Lyndon St.
Rosemont, IL 60018
(312) 298-4210

Future Electronics

1000 E. State Parkway
Unit B

Schaumburg, IL 60195
(312) 882-1255

Marshall Industries
1261 Wiley Rd. #F
Schaumburg, IL 60173
(812) 490-0155

Semiconductor Specialists
195 W. Spangler Ave.
Elmhurst Industrial Park
Elmhurst, IL 60126

(312) 279-1000

Indiana

Advent Electronics
8446 Moller Rd.
Indianapolis IN 46268
(317) 872-4910

Marshall Industries
6990 Corporate Dr.
Indianapolis, IN 46278
(817) 297-0483

lowa

Advent Electronics

682 58th Ave. St. SW.
Cedar Rapids, IA 52404
(819) 363-0221

(319) 365-7551

Kansas

Marshall Industries
8321 Melrose Drive
Lenaxa, KS 66214
(913) 492-3121

Maryland

All American

1136 Taft St.
Rockville, MD 20805
(301) 251-1205

Future Electronics

7165 Columbia Gateway Dr., Ste. G
Columbia, MD 21046

(301) 290-0600

- (800) 638-1851

Marshall Industries
8445 Helgerman Ct.
Gaithersburg, MD 22070
(301) 622-1118

Pyttronic Industries
8220 Wellmoor Ct.
Savage, MD 20763
(301) 792-0780

Massachusetts

Future Electronics

133 Flanders Rd.
Westborough, MA 01580
(508) 366-2400

Marshall Industries

33 Upton Dr.
Wilmington, MA 01887
(508) 658-0810

North Star Electronics
100 Research Dr.
Wilmington, MA 01887
(508) 657-5155

Now Electronics

85 Speen St.
Framingham, MA 01701
(508) 872-5876

(313) 477-1650

Future Electronics

35200 Schoolcraft Rd., Suite 106
Livonia, MI 48150

(813) 261-5270

Marshall Industries

31067 Schoolcraft

Livonia, M1 48150

(313) 525-5850 .

Chelsea, Electroni Disti Group
34443 Schoolcraft

Livonia, Ml 48150

(313) 525-1155

Chelsea, Electroni Disti Group
300 36th St, SE

Grand Rapids, Ml 49508
(616) 241-3483

Minnesota

All American

8053 E. Bloomington Fwy., Suite 102
Minneapolis, MN 55421

(612) 884-2220

Future Electronics

10025 Valley View Rd., Suite 196
Eden Praire, MN 55344

(612) 944-2200

Marshall Industries
3800 Annapolis Lane
Suite 460

Plymouth, MN 55441
(612) 559-2255

Missouri

Marshall Industries

12774 Boenker

Bridgeton, MO 63044

(314) 291-4650

Chelsea, Electroni Disti Group
2555 Metro Bivd.

Maryland Heights, MO 63043
(314) 997-7709
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United States Distributors (Cont.)

New Jersey

North Carolina

Oregon

Future Electronics
122 Fairfield Rd.
Fairfield, NJ 07006
(201) 227-4346

Future Electronics
520 Fellowship Rd.
Suite A101

Mt. Laurel, NJ 08054
(609) 778-7600

Marshall Industries
158 Gaither Dr.

Mt. Laurel, NJ 08054
(609) 778-8720

Marshall Industries
101 Fairfield Rd.
Fairfield, NJ 07006
(201) 882-0320

New York

All American

711-2 Koehler Ave.
Ronkonkoma, NY 11779
(516) 981-3935

Future Electronics
7453 Morgan Road
Liverpool, NY 13090
(815) 451-2371

Future Electronics
333 Metro Park

1st Floor

Rochester, NY 14623
(716) 272-1120

Marshall Industries

275 Oser Ave.
Hauppauge, LI, NY 11788
(516) 273-1515

Marshall Industries

129 Brown St.

Johnson City, NY 13790
(607) 798-1611

Marshall Industries
1250 Scottsville Rd.
Rochester, NY 14624
(716) 235-7620

Future Electronics

801 Motor Parkway
Hauppauge, NY 11788
(516) 234-4000

Future Electronics

4701 Hedgemore, Suite 812
Charlotte, NC 28209

(704) 529-5500

Marshall Industries
5221 North Boulevard
Raleigh, NC 27604
(919) 878-9882

Quality Components
3029-15 Stonybrook Dr.
Raleigh, NC 27604
(919) 876-7767

FAX: 919-876-6964

Ohio

Marshall Industries
3520 Park Center Drive
Dayton, OH 45414
(513) 898-4480

Marshall Industries
30700 Bainbridge Road
Unit A

Solon, OH 44139

(216) 248-1788

Marshall Industries
212 S. State Street
Westerville, OH 43081
(614) 891-7580

Chelsea, Elec. Dist. Group
1360 Tomahawk
Maumee, OH 43537

(419) 893-0721

Chelsea, Elec. Dist. Group
10979 Reed Hartman Hwy.
Suite 133

Cincinnati, OH 45242
(513) 793-2450

Oklahoma

Quality Components

3158 S. 108th East Avenue
Suite 274

Tulsa, OK 74146

(918) 664-8812

FAX: 918-664-8515

Future/Cetec Electronics

15236 N.W. Greenbrier Parkway,
Phase 111A Bidg. A

Beaverton, OR 97005

(503) 645-9454

FAX: 503-645-1559

Marshall Industries
8333 S.W. Cirrus Drive
Beaverton, OR 97005
(503) 644-5050

FAX: 503-646-8256

Pennsylvania

Marshall industries
701 Alpha Drive #240
Pittsburgh, PA 15238
(412) 963-0441

Pyttronic Industries

P.O. Box 433

Stump Rd.
Montgomeryvill, PA 18936
(215) 643-2850

Texas

All American

1819 Fireman Dr., Suite 127
Richardson, TX 75081

(800) 541-1435

Future Electronics
1900 Fireman Dr.
Suite 150
Richardson, TX 75081
(214) 437-2437

Marshall Industries
8504 Cross Park Drive
Austin, TX 78754
(512) 837-1991

Marshall Industries
2045 Chenault
Carrollton, TX 75006
(214) 233-5200
Marshall Industries
7250 Langtry
Houston, TX 77040
(713) 895-9200
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United States Distributors (Cont.)

Texas (Cont.) Wisconsin

Marshall Industries Marshall Industries

2150 Trawood 235 North Executive Drive #305
Suite B160 Brookfield, WI 53005

El Paso, TX 79935
(915) 593-0706

Marshall Industries

44 W. Jefferson, Suite C
Brownsville, TX 78520
(512) 542-4589

Quality Components
4257 Kellway Circle
P.O. Box 819
Addison, TX 75001
(214) 733-4300
FAX: 214-250-0216

Quality Components
2120-M West Braker Lane
Austin, TX 78758

(512) 835-0220

FAX: 512-339-9252

Quality Components
1005 Industrial Blvd.
Sugarland, TX 77478
(713) 240-2255

FAX: 713-240-6988

(414) 797-8400

Taylor Electronic Co.
1000 W. Donges Bay Rd.
Mequon, W1 53092

(414) 241-4321

Utah

Future Electronics

2250 South Redwood Rd.
Salt Lake City, UT 84119
(801) 972-8489

FAX: 801/972-3602

Marshall Industries

466 Lawndale Drive, Suite C
Salt Lake, UT 84115

(801) 485-1551

FAX: 801/487-0936

Washington

Future Electronics
4038-148th Ave N.E.
Redmond, WA 98052
(206) 881-8199

FAX: 206/881-5232

Marshall Industries
11715 N. Creek Pwky S.
Suite 112

Bothel, WA 98011

(206) 486-5747

FAX: 206/ 486-6964
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Canadian Manufacturers Representatives

Alberta

Hi-Tech Sales Limited

#23 4040 Blackfoot Trail S.E
Calgary, Alberta

Canada T2G 4E6

(403) 228-1011

FAX: 403/239-5058

British Columbia

Hi-Tech Sales Limited
7510B Kingsway
Burnaby, B.C.
Canada V3N 3C2
(604) 524-2131

FAX: 604/524-8180

Hi-Tech Sales Limited

8523 1 32nd Street »
Surrey, British Columbia V3W 4NB
(604) 596-1886

FAX: 604/596-5992

Manitoba

Hi-Tech Sales Limited
#17 360 Key Watin St.
Winnipeg, Manitoba
Canada R2X 2Y3
(204) 694-0000

FAX (204) 694-0433

Ontario

Hi-Tech Sales Limited
1640 Bonhill Road
Unit #5

Mississauga, Ontario
Canada L5T 1C8
(416) 672-0284

FAX: 416/672-0286

Quebec

Hi-Tech Sales Limited

630 Andre Jobin

lle Birzard, Quebec HOC 1W7
(514) 386-4728

FAX: 514/626-1244

Saskatchewan

Hi-Tech Sales Limited
413 Mullin Avenue E.
Regina, Saskatchewan
Canada S4N 1C8
(306) 757-4733
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Canadian Distributors

Alberta

Future Electronics

3220 5th Ave. N.E.
Calgary Alberta T2A 5N1
(403) 235-5325

Future Electronics

5312 Calgary Trail
Edmonton, Alberta T6H 4JB
(403) 438-2858

British Columbia

Future Electronics

1695 Boundary Rd.
Vancouver, B.C. VSK 4x7
(604) 294-1166

Manitoba

Future Electronics

444 Sharon Bay

Winnipeg, Manitoba R2G OH7
(204) 339-0554

Ontario

Future Electronics
Baxter Center

1050 Baxter Rd.

Ottawa, Ontario K2C 3P2
(613) 820-8313

Future Electronics

82 St. Regis Cres. N.
Dowsview, Ontario M3J 1Z3
(416) 638-4771

Marshall Industries

83 Galaxy Blvd., Unit #9
Rexdale, Ontario MOW5RS8
(416) 674-2161

FAX: (416) 674-2168

Quebec

Future Electronics

237 Hymus Bivd.

Pointe Claire, Quebec H9R 5C7
(514) 694-7710

Future Electronics

1990 Boul. Charent O.
Suite 190

St. Foy, Quebec G1N 4KB
(418) 682-5775
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International Representatives and Distributors

Argentina Denmark Germany (Cont.)
Tinko SA E.V. Johanssen Elektronik A-S Neumuller GmbH

Aisina 1633 Titangade 15 Eschenstr. 2

1088 Buenos Aires DK-2200 Copenhagen N 8028 Taufkirchen
Argentina Telephone: 01-83 90 22 Telephone: (089) 61208-0

Telephone: 49-6060
TLX: 17825 SENIS AR

Telex: 16522
Telefax: 01-83 92 22

Australia Finland
Promark Electronics Pty Ltd. QY Fintronic AB
Sydney Office Melkonkatu 24A

Suite 102, 6-8 Clarke Street
Crows Nest, NSW 2065
Australia

Telephone: (02) 439 6571
Telex: 20474

Fax: (02) 436 0863

Melbourne Office:

Suite 3, 366 Whitehorse Rd.
Nunawading Victoria 3131
Australia

Telephone: (03) 878-1255
Telex: 35045

Brazil

Hitech Comerciale Industrial Ltd.

Av. Eng. Luiz Carlos Berrini, 801
Conjunto 111/121

Brooklin

Telephone: (011) 533-9566
TLX: 391-53288

Peoples Republic of China

Renful Technology LTD

Rm. 1001, 10/F

Join-In Hang Sing Centre
71-75 Container Port Rd.,
Kwai Chung, NT, Hong Kong
Telephone: 0-268182

Telex: 30010 RENFL HX
Fax: 0-4890989

SF-00210 Helsinki 21
Telephone: 90-692 60 22
TLX: 124224

Telefax: 90-67 48 86

France

Tekelec Airtronic SA

Cite des Bruyeres

Rue Carle Vernet

F-92310 Sevres
Telephone: 01-45 34 75 35
TLX: 204552

Telefax: 01-45 07 21 91

Scientech SA

11, Av, Ferdinand Buisson
F-75016 Paris

Telephone: 1-46 099136
FAX: 1-46 2179 92

TLX: 522106
Fax: (089) 61208248

Weisbauer Electronik
Heiliger Weg 1,

4600 Dortmund
Telephone: 0231-579547
Telex: 822538

FAX: 0231-577514

Israel (Representative)

E.LM.

International Electronics Ltd.
8 Emil Zola Street

Petach Tigva 49130
Telephone: 03-9233257/8/9
Telex: 381144

Telefax: 03-922 48 57

Italy

Velco SRL

Contra S. Francesco, 75
1-36100 Vicenza, ltaly
TEL: 0444-92 29 22
TLX: 431075 Velco |

TLX: 260042 Telefax: 0444-92 23 38
Germany Japan

Adelco Elektronik GmbH Tomen Electronics Corp.
Boxholmstr. 5 1-1, Uchisaiwai-Cho 2-Chome
2085 Quickborn Chiyoda-Ku, Tokyo 100

Telephone: 04106-2024
TLX: 2180619
Fax: (04106) 3852

Emtron

Electronic Vertriebs GmbH
Rudolf-Diesel-Str. 14

6085 Nauheim
Telephone: (06152) 61081
TLX: 4191127

Fax: (06152) 69347

Semitron W. Rock GmbH
Im Gut 1

7897 Kussaberg 6
Telephone: (07742) 7011
TLX: 7921472

Telefax: (07742) 6901

Telephone: 03-506-3694
TLX: J23548
FAX: 03-341-3974

Tomen Electronics Corp.
Osaka Sales Office

64 Kawaramachi 2-Chome
Higashi-Ku,

Osaka 541

Telephone: 06-208-3636
Telex: J63245

FAX: 06-208-3640
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International Representatives and Distributors (cont.)

Japan (Cont.) Singapore Turkey
Sil-Walker Inc. Scan Electronics (S’pore) Pte Ltd Empa A/S )
Head Office 50 Kallang Bahru #04-01-/03 Refik Saydam Cad No. 89

1-1, Shinjuku 5-Chome
Shinjuku-Ku, Tokyo 160
Telephone: 03-341-3651
TLX: 0232-3398

FAX: 03-341-3974

Sil-Walker Inc.

Osaka Office

3-6-20 Kigawa Higashi
Yodogawamku, Osaka 532
Telephone: 06-303-4102

Korea

Vine-Overseas Trading Corp.
Rm. 305/306, Korea Electric
Association Bldg.,

11-4, Supyo-Dong, Jung-Ku"
Seoul

Telephone:
266-1663/265-9875/265-3892
TLX: K24154

FAX: 2-272-7807

Netherlands

Alcom Electronics bv

Esse Baan 1

NL-2908 LJ Capelle a/d IJssel
Telephone: 010-45 19 533
TLX: 26160

Telefax: 010-45 86 482

New Zealand

Actronic Systems LTD.

8 Eden St., NewMarket

P.O. Box 9341

Auckland, New Zealand
Telephone: 09-549578/548819
Telex: NZ63044 ACTSYS
FAX: 09-547623

South Africa

Fairmont Electronics (Pty) Ltd.
4/F. 312 Kent Avenue
Ferndale

Randburg 2194, South Africa
Telephone: 011-789-1230/4
TLX: 424842 FMT SA

FAX: 011-886-2929

Kallang Basin Industrial Estate
Singapore 1233

Telephone: 65-294-2112

TLX: RS24983 STECH

FAX: 65-296-1685

Spain

Amitron S.A.

Avenida Valladolid, 47-A
E-28008 Madrid
Telephone: 01-2479313
TLX: 45550

Telefax: 01-248 79 58

Sweden

Teledyne Semiconductor
Abraham Lincoln Street 38-42
D-6200 Wiesbaden

West Germany

6121-768-0

TWX: 4186134

Telefax: 6121-76 81 55

Bexab Technology
Kemistvagen 10,
S-18325 Taby
Telephone: 46 87328980
Telex: 13888

Fax: 46 87327058

Switzerland

ENA AG

CH-8917 Oberlunkhofen
Telephone: 057-34 28 34
Telex: 827986

Telefax: 057-34 14 43

Omni Ray AG
Industriestr. 31
CH-8305 Dietlikon
Telephone: 01-8352111
TLX: 827336

Telefax: 01-833 50 81

Taiwan

Timkuo Taiwan Ltd.

8F-2, 157 Fu Hsing S. Road
Sec. 2, Taipei

Telephone: 02-709-2246
TLX: 26206 TIMKUO

FAX: 02-709-2247

Kat 5

Sishane-Istanbul
Telephone: 01-143 62 12/13
Telex: 25533

United Kingdom

Macro Marketing Ltd.
Burnham Lane

Slough, Berks. SL1 6LN
Telephone: 06286-4422
TLX: 847945

FAX: 06286-66873

Phoenix Electronics
Phoenix House
Bothwell Road,
Castlenhill,

Carluke, ML8 5UF
Telephone: 0555-51562
TLX: 777404

Lucas Semicomps Ltd.,
Halifax Road,

Keighley,

West Yorkshire BD21 5HR
Telephone: 0535-667921
TLX: 517343

FAX: 0535-606690

Semiconductor Supplies Ltd.
Dawson House,

128/130 Carshalton Road,
Sutton, Surrey SM1 4RS
Telephone 01 643-1126
TLX: 946650

FAX: 01-643-3937

Trident Microsystems LTD

55 Ormside Way,
Holmethorpe Industrial Estate,
Redhill, Surrey, RH1 1LS
Telephone: 0737-765900
TLX: 8953230

FAX: 0737-771008

Polar Electronics Ltd.
Cherrycourt Way
Loighton Buzzard
Bedfordshire

LU7 8YY

Telephone: 0525 377093
Fax: 0525 378367
Telex: 825238
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Mexican Distributors

CD. Juarez Mexico City
Dicopel Dicopel
Av Insurgentes 1753-202 Tochtli 368 Fracc. | San Antonio
CP 32000 Cd. Juarez Chihuahua AZCAPOTZALCO C.P. 02760
Tel. 4-55-40 Tels. 561-32-11 Con 10 Lineas
Telex. 1773790 Dicome
Guadalajara
Monterey
Dicopel
Federalismo 268-A 1er. piso Dicopel
Sector Juarez Guadalajara, Jal Edificio Latino desp 2105
Tel. 26-12-32 J. Ignacio Ramon 506 Otc.
Telex. 681663 Dicome Monterey, N.L.
Tel. 42-95-30
Merida Telex. 382104 Dicome
Dicopel Tijuana
Calle 64 No. 480-7
por la 57 Dicopel
Centro Av Revolucion 1232-503
C.P. 9700 Zona Centro, ente la 8a y 9a
Merida Yucatan C.P. 22000
Tel. 3-71-04 Tijuana, B.C.
Telex 753818 Tpmdme

Mexican Manufacturers Representatives

California

8SB Electronics Inc.

675 Palomar St Bldg 4 Suite A
Chula Vista, CA

(619) 585-3253

Chip Distributors

Florida

Chip Supply

7725 N. Orange Blossom Trail
Orlando, Fi 32810

(305) 298-7100
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