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Square-root function improves thermostat

W Stephen Woodward, University of North Carolina, Chapel Hill, NC

of control-loop design theory is that

feedback-loop performance is fun-
damentally linked to the careful choice —
and stability—of loop gain. Insufficient
loop gain leads to poor setpoint accura-
cy. Too much gain can induce feedback
instabilities, such as overshoot, ringing,
and, ultimately, oscillation.
Therefore, the greater
the accuracy you expect

P ERHAPS THE MOST elementary rule

|
Figure 1

result is that it becomes more difficult to
choose suitable loop parameters. The cir-
cuit in Figure 2 (pg 114) remedies these
difficulties by inserting an analog square-
root circuit ahead of the heater-drive cir-
cuit.

The circuit stabilizes the temperature
of liquid-nitrogen-cooled solid-state in-

through IC,. combine the current, T,
from Q, with the reference current (I, )
to produce a logarithmic control voltage
proportional to  log(I,-I ,.)/2=log
(V1,-I;;p). The inherent matching of
transistor parameters in the IC, mono-
lithic array results in an IC,; collector
current of approximately \/I ‘T, . The

IC,,-Q, heater-driver cir-

cuit subsequently ampli-

fies IC,’s output current

from a control system, the
more critical maintaining
near-optimal loop gain be-
comes. Precision temperature-
control loops are no exception.
Given the aforementioned tru-
isms, it’s surprising that the fol- | Hear
lowing rule of designing high-
precision thermostats receives
so little notice: The thermal
output (which is power, the
primary feedback parameter)
from a resistive heater is pro-
portional to the current

by a factor of 8450 and ap-
plies the amplified current
to the laser-cryostat
heater.

Figure 1 shows five rel-
evant curves. A is the un-
compensated I’R heater
transfer function. B is the
ideal square-root func-
tion. C is the square-root
approximation from the
IC, array, which you cal-
culate assuming transistor
betas of approximately

squared. In Figure 1, Curve A
illustrates this elementary rela-
tionship. Therefore, the overall
thermostat loop gain is not
constant but is instead propor-
tional to heater input current. It conse-
quently varies wildly in response to
changes in ambient temperature and oth-
er factors that impact heat demand. The
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HEATER-CONTROL INPUT

Multiplying the uncompensated square-law response (A) by the square-root
current response (C) from IC, yields a linear response of heat versus heater-
control output.

frared lasers in an airborne spectrometer.
The cryosensor diode, D, (2 mV/K), sens-
es laser temperature and drives the PI
(proportional-integral) control circuit
comprising error amplifier IC, . and er-
ror integrator IC ,. Q, converts the re-
sulting feedback correction voltage to a
current-mode signal and applies the sig-
nal to the LM3146 transistor array, IC,.
The array generates the square-root func-
tion. Analog aficionados will be quick to
point out that using IC, is not the most
accurate way to approximate a square-
root curve. However, this method is ade-
quate for making the feedback linear and
stabilizing loop-gain stabilizing the loop
gain. In operation, array transistors IC,,

100. D is the product of A
and B and represents the
ideal compensated (lin-
ear) loop-gain lineariza-
tion with constant loop
gain. E is the product of A and C and is
the achieved loop-gain linearization. The
net result is a linear relationship between
the control circuit and heater outputs
and a consequent optimization of the
cryostat’s steady-state and dynamic sta-
bilities over a range of ambient-heat
loading. Without IC,, a gain setting ade-
quate for setpoint stability at low heater
powers is likely to be excessive and pro-
duce overshoot or oscillation at high
heater powers. (DI #2417).

To VotEe For THi1s DESIGN,
CIrcLE No. 365
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The logarithmic response of transistors IC,, through IC,_ results in a square-root function for the heater-control voltage.

G detects transmission rate of RS-232 interface

by Thomas Schmidt, Microchip Technology, Chandler, AZ

S-232 1s THE most common serial

interface in the PC world. Most RS-

232 interfaces communicate with
the receiver at a fixed transmission rate,
such as 9600 baud. But what happens if
the transmitter operates with different
transmission rates? Different transmis-
sion rates require the receiver to detect
the rate and adjust the software to the
new communication speed. The follow-
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ing description of how a receiver detects
the transmission rate of an RS-232 inter-
face does not describe the implementa-
tion of a receive-and-transmit routine.
Instead, it describes a system consisting
of a transmitter and a receiver. The trans-
mitter (for example, a PC) transmits a
character to the receiver. The receiver, a
low-cost wC, detects the transmission
rate and adjusts its software according to

the new rate. The theory of implementa-
tion is simple.

The transmitter sends a calibration
value to the receiver. The receiver meas-
ures the time to receive the bits of the cal-
ibration value. Based on this measure-
ment, the receiver calculates the
transmission time of 1 bit. The method
uses this time for the baud-rate genera-
tor. The trick is to measure the time of the

www.ednmag.com
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LISTING 1-RS-232 TRANSMISSION-RATE-DETECTION ROUTINE

Autobaud cirf AUTOBAUD_LOW
clrf AUTOBAUD_HIGH
clrf AUTOHALF_LOW
clrf AUTOHALF_HIGH
clif  AUTOB_STATUS

; reset register

; reset register

; reset register

; reset register

; reset autobaud status
; register

; check for start-bit

; Start-bit not found

TestStartBit  btfsc PORTA, RX
goto  TestStartBit

TestBitHigh btfsc PORTA, RX ; Test for end of bit
; stream
goto  Calculate ; End of bit stream, now
; calculate
; bit time for one bit

; increment Autobaud

ilow register

; test for high bit

; increment high byte

; of autobaud

i register

incfsz AUTOBAUD_LOW, f

goto  TestBitHigh
incfsz AUTOBAUD_HIGH, f

goto  TestBitHigh ; test for end of bit stream

goto  Signal2Slow ; High byte got an overflow.
; Transmitted
; signal is too slow for clock

; speed of the uC

; divide by measure time by 6 (6 one's where transmitted)

Calculate movlw 0x03 ; Initialize count register
movwf COUNTER ; Counter for number for rotates
;=3
Divide bcf STATUS, C ; clear carry bit

rf  AUTOBAUD_HIGH,{
. AUTOBAUD_LOW,f
decfsz COUNTER, f
goto  Divide

; rotate autobaud high register

; rotate autobaud low register

; decrement counter

; divide
; Calculate half the bit time

CalcHalfBit  bcf STATUS, C ; clear carry bit
rrf AUTOBAUD_HIGH,w ; rotate autobaud high register
movwf AUTOHALF_HIGH ; copy result into AUTOHALF_HIGH

; register

rf AUTOBAUD_LOW, w ; rotate autobaud high register
movwf AUTOHALF_LOW ; copy result into AUTOHALF_LOW

ErrorCheck

ErrorCheckHalf

Signat2Fast

btfss STATUS, C ; Is result negative? (equal=0
; will be checked

; at ErrorCheck). C=0 result is
; negative

; Signal is too fast for receive
;and transmit routine

goto  Signal2Fast
moviw 0x02 ; substract 2 from low byte of
; half the bit time

subwf AUTOHALF_LOW, f ; substract from low byte of half ; the bit
time

btfss STATUS, C ; Is result negative? {equal=0
; will be checked

; at ErrorCheck). C=0 result is
; negative

goto  SignalzFast ; Signal is too fast for receive

; and transmit routine

; check if AUTOBAUD_HIGH and AUTOBAUD_LOW are zero. This
; means the transmission time for one byte is too high
movf AUTOBAUD_HIGH,w ; copy high byte of autobaud

;counter register into

; w-register
xorwf AUTOBAUD_LOW,w ; AUTOBAUD_HIGH = AUTOBAUD_LOW?
btfss STATUS,Z
goto  ErrorCheckHaif

i is result zero?
; Result is not zero, therefore
; finish autobaud routine
goto  Signal2Fast i Signal is too fast for routine
movf AUTOHALF_HIGHw ; copy high byte of
; autobaud
;counter register into
; w-register
xorwf AUTOHALF_LOW,w ; AUTOBAUD_HIGH =
; AUTOBAUD_LOW?
btfss STATUS,Z ;is result zero?
goto  EndAutoBaud ; Result is not zero,
; therefore finish autobaud

; routine

; Error: delay for half the bit time is zero, therefore a
; delay cannot be generated with the delay routines.
; Incoming signal is too fast for clock speed.
bsf AUTOB_STATUS, SIGNAL_FAST
retiw 0x00

; set error flag
1 return to OS

AdjustLowByte moviw 0x3

subwf AUTOBAUD_LOW, f

; register

; 18-19 instruction cycles
;overhead from

; transmit and receive routine.

; Adjust low byte from Autobaud
;counter

SignalzSlow bsf

EndAutoBaud retlw

AUTOB_STATUS, SIGNAL_SLOW ; seterror

sflag

0x00 ; Return to operating system

incoming bit stream and calculate the av-
erage time to receive 1 bit. This imple-
mentation of an autobaud routine as-
sumes that the receiver knows the bit
sequence of the calibration value and that
the receiver knows when to calibrate. The
technique uses a PIC16C54B |.C. The n.C
connects to a PC viaa MAX232 chip. The
PC sends the calibration character to the
rC. We chose the ASCII value of “?” be-
cause of the bit sequence (00111111).
The autobaud routine measures the time
to receive the ones in the bit stream and
then divides the time by six. The result is
the time the routine takes to receive or
transmit 1 bit.

Because the PIC16C54B has no hard-
ware USART, a software routine meas-
ures the timing of the bit sequence. List-
ing 1 gives the source code of the
autobaud routine. The calibration char-
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acter contains one start bit, one stop bit,
and no parity bit. For time measurement,
the technique uses a 16-bit counter,
which provides a range of transmission
speeds. In the first part of the routine, the
software initializes the counter and an
autobaud-status register, AUTOB_STA-
TUS. The register stores information
about whether the incoming signal is too
slow or too fast for the autobaud routine.
You can use this information to check
whether the calibration process is suc-
cessful. After the initialization, the auto-
baud routine looks for the start bit, which
is alogic-one-to-zero transition. After de-
tecting the start bit, the autobaud routine
looks for the reverse transition. Follow-
ing detection of this transition, the rou-
tine starts measuring the time, using the
16-bit software counter. The software in-
crements the low byte of the 16-bit

counter until the counter overflows.
When an overflow occurs, the high
byte of the 16-bit counter increments by
one. This process continues until either
a change from logic one to zero occurs
or the high byte of the counter overflows.
In either of these cases, the routine sets a
flag in AUTOB_STATUS to indicate that
the incoming signal is fast or slow. Oth-
erwise, the software calculates the trans-
mission time of 1 bit. This time generates
the baud rate for the transmit or receive
routine. These routines need the trans-
mission time of 1 bit either for generat-
ing a delay for bit sampling or for bit
transmission. The software calculates the
transmission time for 1 bit by dividing
the measured time by the number of
transmitted ones in the calibration value.
In the case of the calibration value “?,” it’s
necessary to divide the measured time by

www.ednmag.com
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six. Dividing by six entails shifting the 16-
bit counter/register three times to the
right while drawing zeros from the left.
After the division, the routine divides the
bit time by two, to calculate the trans-
mission of half a bit. This time figure
serves in the receive routine to place the
bit sampling in the middle of a bit. The
division by two entails a simple shift of
the 16-bit counter by one position to the
left. The program stores the results of this
operation in two registers: AUTO-
HALF_LOW and AUTOHALF_HIGH.

Current sensor measures 0 to 500A

Once the program completes this cal-
culation, it’s necessary to adjust the trans-
mission time of 1.5 bits to the software
overhead. This adjustment involves sub-
tracting the number of instruction cycles
it takes to execute either the transmit or
the receive routine. After the subtraction,
the software verifies whether the result is
smaller than zero. If so, the incoming sig-
nal is too fast, and the routine sets an er-
ror flag in the AUTOB_STATUS register.
After the adjustment, the software veri-
fies whether the incoming signal is too

fast by verifying that the value of the 16-
bit counter is zero. If the incoming sig-
nal is not too fast, the autobaud routine
returns to the operating system. Listing
1 is available for downloading from
EDN’s Web site, www.ednmag.com.
Click on “Search Databases” and then en-
ter the Software Center to download the
file for Design Idea 2418. (DI #2418).

To VotEe For THi1s DESIGN,
CircLE No. 366

Jose Carrasco, Universidad de Valencia, Department Electronica, Valencia, Spain

THE SIMPLE CIRCUIT in ‘
Figure la can

Figure 1
sense both low 8
and high current levels with-
out low sensitivities or loss

of accuracy either at the low
or the high end of the scale.

The circuit is useful for dis- —

cerning either low or high
currents in noisy environ-
ments.

The circuit comprises a
current mirror formed by
complementary pair Q, and
Q, and the feedback provid-
ed by Q,. When a current I

tional to the current
through R.. Further, be-

VsuppLy
12v

> 200

2N2060

Rs, 5

flows through R, the voltage

VWA O

- |

cause Q, also works as a
diode, Q, has to work at the
same operating point as Q,
so that the current that the
collector of Q, delivers is
also proportional to I. The
collection of series diodes
provides the current-to-
voltage converter in loga-
rithmic scale. Figure 1b
shows the dc transfer func-
tion, which is the output
voltage, V., versus the
current through R..

It is important to use
complementary pairs for
Q,- Q, and Q,-Q, because
the operating point of each

transistor in the pair should

be the same, even if temper-

ature varies within its

unions. The circuit uses

low-power passive compo-

nents except for the 5-m{)

resistor R, which is manu-

factured with calibrated

at the emitter of Q, increas- @ = CURRENT TO BE SENSED

es. The voltage at the base of

Q, then increases, which in- 5

creases the current, I, 45 —
through Q,’s emitter. This g ¢ I

process continues until the E 3': ~

circuit restores its equilibri- g o5 /

um by positioning Q, at the E 2

same operating point as Q,, & 15

which is working as a diode. !

Consequently, the following o.g

relationship holds: 0 100 200 300 400

®
I'R=T,, 'R,

Therefore, Q,’s emitter
delivers a current propor-
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INPUT CURRENT (A)

A simple current sensor (a) can measure currents of 0 to 500A with a loga-
rithmic output (b).

500 wire of well-known ohms/
meter characteristics.
(DI #2405)

To VotEe For THi1s DESIGN,
CircLE No. 367
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Safely swap SCSI disk drives

By Ajmal Godil, Linear Technology Corp, Milpitas, CA

HEN YOU INSERT an SCA?2 (single-
w connector attach) drive
into a live backplane, the

power supply’s bypass capacitors in the
drive can draw huge transient currents
from the backplane’s power bus as they
charge. The transient currents may cause
permanent damage to the connector pins
and glitches in the system supply, there-
by causing other boards in the system to
reset. A viable option for solving this
problem is to slowly increase the supply
voltage as the drive mates with the back-
plane. According to the SFF8046 specifi-
cation, an SCA2-drive connector should
have a 5V precharge pin, allowing pre-
charging to occur before the voltage pins
make contact (Reference 1, Figure 1). A
simple method for providing the
precharge voltage is to use a power resis-
tor from the 5V line to the precharge pin.
However, after the precharge cycle com-
pletes and before the 5V pin mates with
the precharge pin, some drives draw as
much as 1A of load current. The voltage
drop across the power resistor prevents
a full precharge and results in a glitch in
the 5V backplane supply when the pow-
er pin finally mates.

Figure 2 shows a solution to the 5V-
precharge problem, using an LTC1422
hot-swap controller and using an LT1490
as a comparator. The output capacitor,

Figure 1

ScA2
BACKPLANE CONNECTOR
{3 scazoisk orive
sy
5v
bY o
¢
SHORT PIN
LTC1422/LT1490 3 SHORT PIN
Cmecaitut” | 5V PRECHARGE DRIVE 1 LONG PIN
CIRCUIT LONG PIN
)i ;LONG PIN
L L

The SFF8046 specification for the SCA-2 connector in SCSI disk drives calls for a 5V precharge pin,
allowing precharging of capacitors to take place before the voltage pins make contact.

R,and D,.IC,,’s output, Pin 1,is low, and
Pin 7 is high. When you insert the drive
and it mates with the 5V precharge-drive
1 pin, the drive pulls the voltage on C, to
ground. This action forces IC,,’s Pin 1 to
switch high, thereby turning on the
LTC1422. The load current then starts
ramping up. At approximately 1A, the
voltage drop across R is sufficient to trip
IC, s output, Pin 2, low, thus keeping the
LTC1422’s On pin high. Q,’s source volt-
age rises to 5V, and the cathode of D, (5V
precharge-drive 1 pin) rises to 4.7V. Re-
ducing or increasing the value of C, can
shorten or lengthen the output-voltage
turn-on time, respectively. When you ful-
ly insert the drive, the 5V line mates with
the 5V precharge-drive 1 pin and reverse

jump from 4.7 to 5V. The load current
through Q, drops to zero, thereby tog-
gling IC,’s Pin 7 high and Pin 1 to a low
state. This action shuts off the gate driv-
er in the LTC1422, and the chip powers
down. The output on C falls to 4.3V, and,
as soon as Drive 2 mates with the 5V
precharge-drive 2 pin, the LTC1422 pow-
ers up, providing a controlled ramp-up
output voltage. The process repeats for
drives 3, 4, and so on. (DI #2419).

REFERENCE

1. SFF Committee, SFF8046 specifica-
tion for 80-pin SCA-2 connector for SCSI
disk drives, Revision 2.7, Oct 3, 1996.

To VotEe For THi1s DESIGN,
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C,,chargesto 4.3V (5V—V ) through  biases D, allowing the output voltage to CircLE No. 368
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A hot-swap-controller IC and a comparator provide a controlled ramp-up of the MOSFET's gate voltage and, consequently, the output voltage.
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SSB modulator covers HF band

By Israel Schleicher, Bakersfield, CA

tor draws just 5 mA at 2.7V,” EDN,

June 5, 1997, pg 111), a phasing net-
work combines with a MAX2452 modu-
lator to form an single-sideband (SSB)
modulator that accepts a 300- to 3000-Hz
baseband signal and generates an SSB-
modulated signal in the VHF range. The
author alludes to the possibility of im-
proved performance if the modulator IC
uses differential drive. Indeed, such per-
formance is possible, but you need no ad-
ditional components; in fact, you can
achieve the improvement with a simpler
circuit (Figure 1). The phasing network
comprises four resistor chains intercou-
pled with a number of capacitors. The
signals from the first and third chains
subtract to form the quadrature (Q) sig-
nals. You can effect the subtraction by
feeding the signals from the first and
third chains directly to the I inputs of the
MAX2452 and feeding the signals from

I N A PREVIOUS Design Idea (“Modula-

Figure 1
6V
MOD IN 3Vp.p Ry
300 TO 15k
3000 Hz

R--{-»

[

NOTES: A B ¢ D E

UNLESS OTHERWISE NOTED, ALL RESISTORS=121k, 1%.

Ca=4.7 nF, Cg=3.3 nF, Cc=2 nF, Cp=1 nF,
Ce=560 pF, C¢=470 pF; ALL ARE CERAMIC OR
STACKED FILM 2%.

IC; AND IC,=MC33182.

the second and fourth chains directly to
the Q inputs of the IC. In the aforemen-
tioned Design Idea, the signal into the
phasing network derives from two op
amps that you connect as differential
buffers. In this approach, you need no
buffers; the circuit uses ac coupling for
the I and Q signals.

The circuit in Figure 1 operates in the
3- to 30-MHz band. This band uses most
SSB communication, because it is diffi-
cult to achieve frequency stability (bet-
ter than =100 Hz) at higher bands. The
modulating (voice) signal enters the
phasing network through C. R, R , and
R, provide dc bias, which routes through
the network to buffers IC, and IC,. C,
provides a good ac ground. The output
buffers allow a tenfold increase in the
chain resistors, to 120 k(). This increase
allows a tenfold reduction in capacitor
values and is an advantage of surface-
mount construction. Phase reversal of ei-

]

SHIELD

ther the I or Q differential pairs allows
you select between the upper and lower
sideband. IC, provides the selection func-
tion. The modulated signal drives the
tank pins of the IC, via a 1-to-1 isolation
transformer. This signal has twice the de-
sired carrier frequency. The IF outputs
are differential and have a relatively high
impedance. You obtain the desired single-
ended, low-impedance output by using
a 1-to-1 isolation transformer and a two-
transistor circuit. Q, must have base-col-
lector capacitance low than 1 pE. R, in
parallel with this capacitance defines the
corner frequency for the buffer. The cir-
cuit provides more than 45-dB carrier re-
duction through the 3- to 30-MHz range.
(DI #2420).

To Votk For THis DESIGN,
CircLE No. 369

SSB
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SELECT

200 pF ~ 12 TOROID MATERIAL
#43 (FAIR RITE)

200 2xFe

IC3 1Vpp

10-TURN, BIFILAR #34
= AWG ON FT-23

An RC network, three ICs, and a handful of discrete components provide an efficient SSB modulator for the HF band.
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Switched-capacitor IC forms notch filter

Luca Vassalli, Maxim Integrated Products, Sunnyvale, CA

lowpass filter (LPF) to imple-

ment an inexpensive notch
filter (Figure 1a). The internal architec-
ture of the IC (Figure 1b) includes sum-
ming nodes similar to those nodes that
analog-signal-processing stages use for
feedback-error generation. The IC low-
pass-filters the quantity V, —V . and
adds V  at the output. In other words,

OU CAN USE A switched-capacitor ‘ 5V
Figure 1

’\/o—: IN
0s
cLock L O—cLk
CoM

MAX7410
ouT —o L

GND

VOUT = (VIN - VCOM) LPF + VOS’

o

whereV . typically equals V) /2. Thus,
the IC adds common-mode voltage
(COM) at the input, and an internal re-
sistor divider biases this voltage at mid-
supply. For applications that require off- . LOWPASS .
set adjustment or dc-level-shifting, the IC IN O—> FILTER
adds an external bias voltage (OS) at the -
output.

To obtain a notch response, you sim-
ply apply the input signal to both the OS (b)
and IN pins of the IC, so that these two
signals sum at the output (Figure la).
Frequencies at OS are limited to
about 100 kHz. At low frequen- |
cies, the output amplitude

(a)

out

COM 0s

Simple connections produce a notch filter response (a). The IC’s internal summing nodes add a
V,,/2 common-mode voltage and an externally applied offset voltage (b).

Figure 2
equals |V, +V _[|=2[V | 8 10
At the frequency for which the o 6792
lowpass filter’s phase response 10 N/ 45
changes by 180°, the two signals PHASE N
: GAIN (dB) ~20 22 N
sum to near zero, creating the B ?;;FT 0
notch frequency. The circuit can - v 225 I
easily produce a notch at fre- 40 —45 B
quencies of 1 Hz to 10 kHz. At -0 fok=47.5 kHz 76179'2
higher frequencies, only the OS s 10,000 100 FREQUENGY (L) 1000
. z
51g?a1 passes through to the out- @ FREQUENCY (Hz) ®)
put.
Figure 2a shows the filter re-
sponse for a 400-Hz notch and a | Applying a 47.5-kHz clock to the circuit produces a 400 Hz notch filter with a notch depth of 50 dB and a Q

clock frequency of 47.5 kHz. The
Q is 1.7, and the center-frequen-

of 1.7 (a). A 180° phase shift occurs at 0.85 f. (b).

cy attenuation is approximately —50 dB.
Ripple in the passband limits the notch
depth so that the IC’s flat passband in the
lowpass configuration suits this applica-
tion. The 180° phase shift occurs at 0.85
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f, giving the response a smooth —6-dB
transition between the prenotch and
postnotch frequencies (Figure 2b). The
usable input bandwidth is f, —f, /100,
thanks to a 100-to-1 ratio between the f_

and clock frequencies. As with all sam-
pling systems, you must take care to avoid
input-signal aliasing.(DI #2416)

To VotEe For THi1s DESIGN,
CircLE No. 370
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selected among hiweekly winners by vote of editors.

To: Design Ideas Editor, EDN Magazine
275 Washington St, Newton, MA 02158

| hereby submit my Design Ideas entry.
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E-mail Fax
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Address

Country ZIP

Design Idea Title

Social Security Number

(US authors only)

Entry blank must accompany all entries. (A separate entry
blank for each author must accompany every entry.) Design
entered must be submitted exclusively to EDN, must not be
patented, and must have no patent pending. Design must
be original with author(s), must not have been previously
published (limited-distribution house organs excepted), and
must have been constructed and tested. Fully annotate all
circuit diagrams. Please submit software listings and all
other computer-readable documentation on a IBM PC disk
in plain ASCII.

Exclusive publishing rights remain with Cahners
Publishing Co unless entry is returned to author, or editor
gives written permission for publication elsewhere.

In submitting my entry, | agree to abide by the rules of the
Design Ideas Program.
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Date

Your vote determines this issue’s winner. Vote now, by cir-
cling the appropriate number on the reader inquiry card.
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