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Software PLL locks VCXOto reference

MARTIN OSSMANN, PHILIPS RESEARCH LABS, AACHEN, GERMANY

The circuit in Figure 1 provides a precisely controlled
clock signal. The method modifies the controller’s quartz
oscillator such that the control voltage at point P1 con-
trols the frequency. A D/A converter using an R-2R lad-
der network connected to output port D generates the
control voltage. A precise reference-frequency signal
connects to the controller’s analog-comparator input,
AINO. In this application, the reference frequency is 162
kHz (derived from a long-wave broadcast station). You
can use any other 10- to 200-kHz frequency. The Atmel
(www.atmel.com) AT90S1200 controller performs a PLL
function to lock the clock to the reference. You can use
the precise frequency available at point P2 to clock mCs
or other digital circuitry. An 18-instruction program pro-
vides the PLL function (Listing 1). You can download
Listing 1 from EDN'’s Web site, www.ednmag.com. At
the registered-user area, go into the Software Center to
download the file from DI-SIG, #2229.

Figure 2 shows the operating principle. The variables
ddsO to dds3 hold a 32-bit, direct-digital-synthesis
(DDS)-type numerical oscillator. The routine XORs the

LisTING T—AT90S1200 coDE FOR PLL

FREQUENCY LOCK
EDN1.ASM: lock the 12 MHz VCXO to a 162 kHz reference
.device at90s1200
.include "1200def.inc"
.def tmp =xlé
.def cntrl =x1l7 ; count-and dump time-counter
.def phase =xrl8 ; phase integrator
.def ddso =r26 : LSB of 32 bit DDS register
.def ddsl =r27
.def dds2 =r28
.def dds3 =r29 ; MSB of DDS register
RESET:
1di tmp, $7F ; port D set to OUTPUT-mode
out DDRD, tmp ; port D is amalog 7 bit pase output
SAMPLE:
mov tmp, dds3 ; perform DDS-MSB XOR with analog input
sbic ACSR,ACO
com txp ; conditional complement of MSB of DDS
sbre tmp,7 ; conditional increment depending on XOR value
ine phase : compute phase
NOSAMPLE :
subi dds0,S$fe 7 32 bit DDS function
sbeci ddsl, $d4 ; DDS rate is 12 MHz / 12 cycles = 1 MHz
sbei dds2,$78 ; increment is 162kHz/DDS_rate*2”°32
sbel dds3,$29 ; is 2978D4FE (hexadecimal)
subi cntrl,1l : integrate-and dump timer
brne SAMPLE ; test for end of count
clr cntrl ; reload timer
lax phase ; shift phase value to right
out PORTD, phase ; output to 7-Bit DAC
clx phase : clear phase-value
rimp noSAMPLE ; and go on, one DDS-cycle is 12 clock periods

ST B

A microcontroller can provide a PLL function to obtain a precise reference-locked frequency.

Www.ednmag. com
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most significant bit with the reference signal that enters the
controller via the analog comparator. A count-and-dump
function integrates the XOR output over 255 DDS cycles.
Upon every 256th DDS cycle, the phase value routes to the
DAC at Port D of the controller. Every loop lasts exactly 12
clock cycles. Thus, the DDS cycle frequency is one-twelfth of
the controller’s clock frequency. The program performs a

phase comparison between the DDS and the reference. The
DAC voltage controls the VCXO. By using other increments
for the DDS, you can easily adapt the program for other clock
or reference frequencies. You can also use the circuit for
demodulating phase-modulated signals. (DI #2229) EDN
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The frequency-lock circuit in Figure 1 uses DDS techniques to provide a precise submultiple of the reference frequency.

Spice introduces dead time in simulations

CHRISTOPHE BASSO, MOTOROLA SEMICONDUCTOR, TOULOUSE, FRANCE

Bridge or half-bridge designs using
MOSEFETs or insulated-gate bipolar tran-
sistors need some dead time between
commutations to avoid any cross-con-
duction current spikes. This statement
is also valid for switch-mode power sup-
plies that use synchronous rectification.
In creating simulations, it is sometimes

difficult to write the stimuli so as to
define a dead time between commuta-
tions. Classic PULSE or PWL commands
are impractical, especially when either
frequency or pulse width changes dur-
ing the simulation run. Figure 1 shows
a approach to simulating dead time that

An inverter, a few XOR gates, and some
passive components generate a dead-

time interval for switch commutation.
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you can build around a few logic XOR
gates. The principle uses the truth table
of an XOR or XNOR gate: that the out-
put is high or low only when both
inputs have different logic states.

The logic states come from the RC
networks R -C, and R,-C,. The output of
the IC, and IC, gates is thus a short
pulse whose width depends on the RC
time constants of the input network.
This pulse blanks the signal delivered to
the output and thus generates the
required dead time. You can easily
model the logic functions using Intu-
soft’s (www.intusoft.com) IsSpice4 Ana-
log Behavioral Modeling features (List-
ing 1). You need to feed the subcircuit
with the dead-time value as well as the
output high and low levels. The input
clock is TTL/CMOS-compatible. By
changing the BS line to V=
V(26,20)<100MV ? {VHIGH} : {VLOW},
the generator becomes suitable for driv-
ing a synchronous rectifier (Figure 2 ).
Figure 3 clearly shows the absence of
overlap between commutations. You
can download Listing 1 from EDN'’s
Web site, www.ednmag.com. At the reg-
istered-user area, go into the Software
Center to download the file from DI-
SIG, #2228. (DI #2228) EDN
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LiSTING 1—ISsSPICE4 ANALOG [F cramnier]
BEHAVIORAL MODELING FEATURES

.SUBCKT DEADTIME 1 50 51 {DT=500N VHIGH=10V VLOW=100M RSz10}

* Clock In Q Qbar
* Developed by Christophe BASSO (FRANCE)
RIN 1 0 1MEG
B6 17 0 V=V(1)»2V ? 10 : O
R3 17 18 1k
3 18 0 {DT/(1000%4.14)}
B4 21 0 V=V(25,19)<100Mv ? {VLOW} : {VHIGH}
RCQ 21 60 100
ccQ 60 0 10P
BQ 61 0 V=V(60)
RSQ 61 50 {RS}
R4 22 23 1k
ca 23 0 {DT/(1000%4.14)}
B5 24 0 V=V(26,20)<100MV ? {VLOW} : {VHIGH}
RCQB 24 70 100
ccEB 70 0 10P
BQB 71 0 V=V(70)
RSQB 71 51 {RS}
R5 17 25 1k
0 {DT/(1000%41.4)}
R6 22 26 1k
c6 26 0 {DT/(1000%41.4)}
D3 23 22 DISCH
D4 18 17 DISCH
Bl 22 0 VeV(1)»>2V ? 0 : 10
B2 19 0 V=V(17,18)<100MV ? 0 : 10
B3 20 0 V=V(22,23)<100MV ? 0 : 10

+ TT=6E-09 VJ=.6V
.ENDS
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The circuit in Figure 1 generates the dead time to prevent cross-conduction in this
synchronous-rectifier circuit.
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Current waveforms for the MOSFETs in Figure 2 show no simul-
taneous conduction.
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Circuit translates TTY current loop to RS-232C

JERZY CHRZASzZcz, WARSAW UNIVERSITY, POLAND

The circuit in Figure 1a provides signal translation between
a passive current-loop (TTY) interface and a duplex RS-232C
port. The current flowing in the receiver loop causes the tran-
sistor to pull down RxD; when the transistor turns off, R, pulls
up RxD. In like manner, the current in the transmitter loop
switches on for a negative TxD voltage and off for a positive
voltage. The supply power comes from the interface control
lines, so you must properly preset these lines. Unfortunately,
terminal programs do not usually support direct control of
handshake signals. In other words, you must write your own
service routine for the serial port to obtain a negative supply.

Worse, some RS-232C-like ports feature just one hand-
shake line, rendering the circuit in Figure 1a unusable. In
such cases, you could use the interface in Figure 1b . Because

the transmitter output acts as the negative supply rail, the cir-
cuit can receive data only when TxD remains inactive. This
limitation obviously precludes full-duplex transmission.
Note also that transmitted data directly echoes at the RxD
input. However, if half-duplex operation is satisfactory and
you can tolerate local echo, this circuit may be the one of
choice. In both circuits, external diodes (for example,
1N4148) protect the LEDs against reverse voltages. The val-
ues of R, and R, depend on the optocoupler type and loop
current. You can use CNY75B optocouplers with 5.1 and
220V for R, and R,, respectively. (DI #2230) [Eol
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An optocoupler and two resistors configure a TTY-to-RS-232C translator. Use the circuit in (a) when a negative supply is avail-

able; otherwise, use the circuit in (b).

80186 timer pins provide general I/ 0

SK SHENOY, NPOL, KocHi, INDIA

Intel’s (www.intel.com) 80186 is a highly integrated mP com-
mon in embedded applications. It combines 15 to 20 com-
mon iAPX86 system components, such as a DMA controller,
an interrupt controller, timers, a clock generator, a bus inter-
face, and chip-select logic on one chip. Unfortunately, unlike
many mCs, it provides no general-purpose I/O pins. Howev-
er, if you require only a couple of input or latched-output
lines, you can use the built-in timer I/O pins as general-pur-
pose input or output lines by using this programming
method (Listing 1).

The 80186 has two timers (0 and 1), each with two exter-
nal pins: one for input, one for output. However, the struc-
ture of the timers allows you to use any pair of pins, either
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for input or output, one at a time, but not simultaneously. In
other words, you cannot use Timer1_Out pin as a latched out-
put and Timer]l_In pin as an input at the same time. This lim-
itation exists because, when you use Timer_In for input, the
state of Timer_Out may change. Thus, you can simultane-
ously obtain two latched outputs, two input lines, or one
input and one output line. Finally, a lag of a few microsec-
onds occurs for an output to respond, because the output is
the result not of a single “Out” instruction but of a sequence
of instructions.

Moreover, you can see from the code in Listing 1 that in
some cases one or two timer ticks must elapse before the state
changes. The same situation exists in sampling an input level.



Vel
For compiling and Tinking; the following make batch file is used.
1ibs file contains names of 1ibrary files which are to be linked.
Note that all addresses are system specific.

link&é il obj,&<1ibs
]7086 %1.1nk ss{stack(+4096)) ad(cs{code(01030h),data(05040h))) ST(main)

#pragma ram
#pragma fp
#pragna 1a
#pragna mod186
#pragma extend

typedef unsigned char byte;
typedef unsigned int word;

/* 1C86 Specific header file */
#include <icc\i86.h>

void delay{word count)

word i;
for (i=0;1 <count;i+t);

/* System specific addresses and utility routines for serial 10 */
#include <include\addr.h>
#include <include\SccAsync.c>

/* Starts and stops the counter with Max Reg A in use
so that timerl_out is High */

void MakeHi()

{

outword(OxffS5e. Dxﬂ)M), /‘ Stop timr 1%/

outword(0xff58, Ox * Count = 0 *

outword( oxffSa oxffff) /* Large Hax Count A */

outword(0xff5e,0xc000); /* Start Counter, with int clk, A only, No cont Oxc004 */
outword( oxffSA,oxlDM), /* Stop Timer */

}

/* Starts the timer with Max Reg A and B alternating, Max Reg A is
set for only 1 count and B for a large count. The timer is stopped as
soon as Max Reg B is in use so that timerl out is Lo */

void MakeLo()

outword{Oxff5e,0x4003); /* Stop Timerl */

if ({imword{OxffSe) & 0x1000) !~ 0x1000)

/* If output is now high; ie. A is in use, Make output Lo */
{" Else output already Low; do mothing */

outword(Oxff58,0x0); /* Count = 0 */
outword(0xff5a,0x1); /* Max Count A = 1 */
outword(0xff5c,0xffff);/* Max Count B = Large value */

/* Start Counter, with int clk, Max Reg A%B, not continuous mode */
outword(0xff5e,0xc002);
/* Wait ti11 B in use je. Output goes Low */
while ({inword(Oxff5e) & 0x1000) 1- 0x1000);
) outword(0xff5e,0x4002); /* Stop Timer */
}

/* Timer0 is kept running with RTG bit = 0 so that the timer is turned
on or off depending on whether the Timer0_in is Hi or Lo. This routine
tests the state of Timer0_in pin by checking if the timer is incrementing */
byte ReadInput{void)

outword(0xff50,0); /* reset count register */

delay(3);

if (inword(0xff50) > 0) /* if counting */
return{1); /* Timer0_in is High */

else return(0);

main()
{

byte string[300];
byte chr;

init_stack(); /* Assewbly routine for initialising stack pointer SP and base S5 .*/
outword(0xff56,0xc001); /* Start timer0 in continuous mode,RTE=D */
while (1)

PrintString{"Enter Level to be Output{1/0):"};
chr = GetChar();
#f(chr == ’1’)

PrintChar(’1’);
MakeHi{); /* Output Level 1 */

)
else

Printchar(’o’)
MakeLo(); /* Output Level D %/

PrintChar(’ ’)-
PrintString("Input Level is = *);
if(ReadInput{))
PrintChar{’17);
else PrintChar('0’);
erif();

Notes: All bits except bits 5 and 12 are read/write.
Bits 5 and 12 are read-only.
Bits not shown don't care.

TABLE 1—TIMER CONTROL-WORD BITS

Bit 0 Set to 1 for continuous-mode running; 0 for one-shot mode

Bit 1 1 for time to alternate between maximum-count register A and B; 0 for A only
Bit 2 1 to select external clock for the timer; 0 for internal, that is, CPU clock/4

Bit 3 If 1, Timer 2 output is used as clock, else internal clock (CPU clock/4) is used
Bit 4 If 0, the input level gates the timer on or off (timer will count for a high)

Bit 5 This is a read-only bit set when the timer reaches its maximum value

Bit 11 This bit has to be 0

Bit 12 This read-only bit indicates which maximum-count register is in use (0 indicates A)
Bit 13 If set, interrupts are generated on every terminal count

Bit 14 If 0, Bit 15 (enable/disable) is ignored, else Bit 15 will take effect

Bit 15 If set, the timer is enabled; O stops the timer
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You can use the timer pins in an 80186 m P to obtain a gener-

TABLE 2—DEFAULT 80186 TIMER REGISTER ADDRESSES

Register name Timer0 Timerl Timer2
Mode/control word FF56H FF5EH FF66H
Max count B FF54H FF5CH Not present
Max count A FF52H FF5AH FF62H
Count register FF50H FF58H FF60H

However, in all but the most demanding applications, this
delay of a few microseconds should be unobjectionable. For
such applications, this technique can save on the additional
hardware you need to provide an external port. The demo
program uses the setup in Figure 1. To output a bit, the rou-
tine makes the Timer1l_Out pin assume either a 1 or O state
by activating MaxCount A or B, respectively, and stopping
the timer in that state. The state of the Timer_Out pin reflects
which Max register the timer uses (register 1 for Max Reg A).

To read an input fed to the TimerO_In pin, the routine
keeps TimerO running. TimerO is configured so that it counts
only if the TimerQ_In pin is high. Thus, if TimerO increments
during two consecutive reads separated by a small delay
greater than a timer clock period, it means the input level is
high. Listing 1 is a demo C program for obtaining output via
the Timerl_Out pin and inputs via the TimerO_In pin. The
program sends logic 1 or O to the Timerl_Out pin, based on
the key (1 or 0) the user presses. If Timerl_Out connects to
TimerO_In, as the dashed line in Figure 1 shows, the program
reads and displays the input’s logic level through the
TimerO_In pin. In the demo system, an RS-232C port on the
80186 hardware, connected to a terminal, serves for user key-
board input.

The demo C program is written and compiled
using an Intel IC86 compiler on an 8-MHz
80186 system. However, the same technique is
applicable to other mPs/mCs having similar
timer capabilities. Table 1 gives the timer con-
trol-word bits. Table 2 provides the default
80186 timer register addresses.

You can download Listing 1 from EDN’s Web
site, www.ednmag.com. At the registered-user
area, go into the Software Center to download
the file from DI-SIG, #2231. (DI #2231) [EN
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Linearizing an RTD s easy with Spice

RICHARD FAEHNRICH, CONSULTANT, ARLINGTON HEIGHTS, IL

A popular way to design an accurate temperature probe using
an inherently nonlinear device—a resistance temperature
detector (RTD)—uses positive multiplicative feedback. How-
ever, the transfer function of this method is also nonlinear,
making an analytical approach difficult. A simpler method
uses Spice to optimize the RTD's response by exciting the sen-
sor with a particular waveform and performing simple signal
processing on the circuit’s output. You can also measure the
output’s nonlinearity while quickly trying a range of feed-
back parameters.

The block diagrams of the multiplicative-feedback circuit
(Figure 1a and Reference 1 ) show how the scheme multi-
plies the input by a fraction of the output and a fixed term.
The transfer function is

_ xOKOG
v 11(x Oa 0G)

Notice that when the feedback factor, a, is zero, the gain is
simply equal to x*K*G. To understand the method, assume
initially that x is linear. Introducing a small positive or nega-
tive a generates an output that is concave upward or down-
ward, respectively. Now, if the input x exhibits an upward or
downward curve, then the proper choice of a bends the curve
in the opposite direction to improve the overall linearity.
One way to measure the nonlinearity of the output is to fit

Multiplicative feedback (a) is one way to linearize an RTD. You
can drive a corresponding Spice circuit (b) with a triangle
waveform to measure the circuit’s nonlinearity and determine
the value of a, for which the derivative of the output is flat-
test.
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a straight line to the curve and measure the maximum devi-
ation of the output curve from this line. Another way is to
perform a quadratic fit and monitor the second-order coeffi-
cient as a measure of straightness. Although both of these
methods work, extracting the data from Spice output files

___________________
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Spice makes it easy to view the output (a), the value of a (b),
and the derivative of the output for two horizontal scales (c
and d). The optimum value of a is the point at which the deriv-
ative is flattest, which occurs approximately 3 to 4 sec into
the simulation, or whena '18 mV.
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and curve-fitting over a range of values
for a are difficult and time-consuming.

Alternatively, you can obtain some
measure of nonlinearity by sweeping
the temperature with a linear ramp

function and then taking a derivative of
the output response. A linear output
should produce a constant derivative,
and a concave upward or downward
response produces an increasing or
decreasing derivative, respectively.
Therefore, the goal of this optimizing
method is to find the value of a that
results in the flattest derivative. Howev-
er, because the input-ramp function
increases without bound, this method
instead uses a triangle wave to sweep
the temperature. Now, by slowly sweep-

ing a over many cycles of the triangle
wave, a single simulation can measure
the circuit’s performance with varying

parameters.

In the Spice circuit, VTEMP drives the
input temperature linearly from O to
4008 C with a 1-Hz triangle waveform
(Figure 1b). (You can download the corresponding Spice
netlist from EDN’s Web site, www.ednmag. com. At the reg-
istered-user area, go into the “Software Center” to download
the file from DI-SIG, #2224.) ERTD simulates the RTD’s
response versus temperature using a second-order polynomi-
al. To counteract the RTD’s concave-downward behavior, the
circuit introduces a positive feedback factor, a, with a con-
cave-upward characteristic. VALPHA sweeps a linearly for 10
sec. Therefore, the simulation determines the performance of
the circuit for the a range over 10 cycles of the triangle wave.
The sum of the positive-feedback term, EFB, and a fixed term,
VEHIX, controls the gain of the multiplying block, EMULT.
EGAIN provides a gain of G. Current source GDIFF and induc-
tor LDIFF form the differentiator.

The linearized output and the a parameter appear in Fig-
ure 2a and b, respectively. Figure 2c shows the output deriv-
ative, and Figure 2d shows only the tops of the derivative’s
positive cycles. Note how the derivative in Figure 2d flattens,
surrounded by a decreasing and increasing derivative to the
left and right of the optimal behavior, respectively. You can
start with a broad range for a and then quickly narrow the
search after several simulations. Note that sweeping alpha
during the triangle-wave cycles has some influence on the
output response and, consequently, its derivative. However,
this effect lessens as you narrow the range of a.

You can implement the positive-feedback factor as a poten-
tiometer with an adjustment range that brackets the opti-
mum value as determined by your simulations. Note that the
overall gain and offset of the output versus temperature vary
as a varies. Therefore, the final circuit should include a gain
and offset adjustment in addition to the linearity adjustment.

In one suggested circuit implementation, you repeat the
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A practical implementation of the RTD linearizing circuit includes linearity, gain,
and offset adjustments.

three adjustments until the circuit achieves the correct out-
put voltages for the RTD resistances corresponding to the low,
midpoint, and high calibration temperatures (Figure 3 and
Reference 2 ). This circuit realizes the fixed gain and feedback
terms as currents. Op amp IC, implements the multiplier by
first summing the fixed and feedback currents and then mul-
tiplying the result by the RTD’s resistance. IC, provides addi-
tional gain, G, producing an output voltage given by

Vour =Rprp Olpxep +ips) 0G,
where G=R,/R,. The feedback-factor calculation is

q=_im -1
Vour Rps
A feedback factor of a =0.00002 (R,=50 kV) in Figure 3

reduces the linearity error from +3.08C to less than +0.18C
over a 4008 C range. (DI #2224) EDN
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