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ABSTRACT

This thesis proposes a power measurement based on digital multiplier. Application of this
technique will be presented in the power output measurement of the audio power amplifier and
universal power meter. This design is based on the Binary rate multiplication techniques (BRM)
which is a digital multiplier. A signal proportional to the voltage signal is applied to control the
voltage to frequency converter(VFC). At the same time, a signal proportional to the current signal
is applied to the analog to digital converter(ADC) . The VFC output and ADC output are applied
to a binary rate multiplier(BRM). The BRM frequency output is summed over a specified period
of time to provide the power reading. In addition, the intelligent power output measurement has
implemented in this system. With this implementation, this system capable to adjust the input
signal automatically to find the maximum power output of power amplifier without the expensive

equipment such as the audio function generator, oscilloscope etc.
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V, =R+ IR, (2.16)
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M, = k,siné (2.49)
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Voltage (V) | Power (W) Power (W) BRM Output| Power (W)
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6.28 493 5.04 506.1 5.06
8.94 9.99 10.58 1022.3 10.22
11.01 15.15 15.96 1538.2 15.38
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Maanmsain | 1ad - ueuiiines aianlaslawn luiiney BRM
20 20.43 20 19.98
40 41.08 42 40.64
60 60.64 60 62.92
80 81.51 84 81.93
100 101.50 102 102.84
120 123.91 124 124.59
140 137.53 136 142.30
160 156.65 156 158.71
180 175.10 176 177.79
200 203.66 204 200.86
220 214.43 216 218.01
240 230.47 228 233.93
260 246.06 250 254.05
280 264.08 268 270.99
300 281.66 289 286.98
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Calculated Power (W)

T2a0 — wondimos | araninslawnluiimos BRM
Tnaa | Mawsing Mawennn| PF Mawlsing | Mawennin | PF
Tvian 1 32.96 24 0.73 31.80 26.15 |0.82
Tvian 2 41.74 28 0.69 40.67 3262 |0.80
Tvian 3 57.12 56 0.94 57.78 53.14  |0.92
Tvian 4 83.49 90 0.98 79.15 75.89 |0.96
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Abstract: A new design ofa power output measurement ofan audio power amplifier is presented. The design is based

on the Binary rate multiplication technique(BRM) which is a digital multiplier. A signal proportion to the output
voltage of the power amplifier, is applied for control the voltage to frequency converter(VFC) to produce the output

frequency, which proportion to the output voltage of amplifier. At the same time, a signal proportion to the output
current of power amplifier is applied to the analog to digital converter(ADC) to produce the Binary bit rate that
proportion to the output current. The VFC output and ADC output are applied to a binary rate multiplier(BRM). The

BRM frequency output is summed over a specified period of time to provide the power amplifier power output
information. In addition, the intelligent power output measurement had implemented in this system. With this
implementation, this system capable to adjust the input signal automatically to find the maximum power output without
the expensive equipment such as the audio function generator, oscilloscope etc.

1. INTRODUCTION

The conventional method for power output
measurement of an audio power amplifier is to measure
the maximum power output in Watts by applied asignal
(normally 1 kHz, sine wave) from the audio frequency
generator to the input of power amplifier then display the
output signal in oscilloscope. We have to adjust the input
signal until the output signal reach the maximum output
voltage, i.e., when the amplitude distortion(clipping)
begin. The power output has been calculated from the
maximum output voltage and load resistance. This
system needs at lease 2 equipment as mention above.
Moreover, also needs the skill operator to perform to
obtain the acceptable accuracy.

The digital power output measurement based on
binary rate multiplication (BRM)[1] techniques was
developed for accuracy improvement with the shorter test
time and to eliminate a skill operator to perform the
power output measurement.

Fig.1 The conventional method for power output measurement.
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2. PRINCIPLE AND THEORY

2.1 Signal conversion
Consider a power measurement, the well know
equation for power calculation is given by

p=vi=Ri’=— ‘ 1)

Consequently a power measurement can be
obtained from the product of voltage and current.
This process can be performed digitally using the
BRM techniques.

From fig. 2, the dc signal V, proportion to the
output voltage of power amplifier(V,) can be
obtained from the RMS detector circuit. The dc signal
V, is given by

1
N=K(pW. @

Where
K4 = dc gain of the RMS detector

The dc signal V, proportion to the output current
of power amplifier can be obtain from the current
transformer and RMS detector circuit. The dc signal
V, is given by



1
= KK, (—=)I 3)
2 t'td ( \/i) m
Where
K, = Tum ratio of the current transformer
K4 = dc gain of the RMS detector

The dc signal V, is applied to the VFC to produce
the output frequency, proportion to the output voltage of
power amplifier. The dc signal V, is applied to the
analog to digital converter(ADC) to produce the binary
bit rate[2],[3], proportion to the output current of power
amplifier. Both VFC output and ADC output are applied
to BRM to produce the output frequency, which
proportion to the power output of power amplifier.

Fig.2 Block diagram of a digital power output measurement based on
BRM techniques.
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Fig. 3 VFC circuit diagram.
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The output frequency of VFC is given by[4]

r OAT8Rs @
Rt Ct R,
2.2 Binary rate multiplier (BRM)
A BRM has two inputs, one is a frequency input
(), another one is a parallel binary number(C). The
function of BRM is to multiply these two input. Then
the pulse train are obtained from output of BRM. The
average frequency is given by

/&
f; =Ep-zcr2r %)

r=0

Where

f = input frequency

C = (CP‘l Cp_z v C] Co), Bmary bit rate
P = number of bitsin C

C. = Oorl

Example, for a 8 bits BRM, the frequency output
(fo) for C=00111111 and C = 11111111 is (63/256)f
and (255/256)f , respectively.

2.3 Automatic input signal adjust

To find out the maximum power output of
amplifier, the automatic input signal controller is
employed to produce the adjustable signal into the
power amplifier under test. The input signal
controller has been adjusted to increase the input
signal until output of the power amplifier starting to
reach the amplitude distortion(clipping). This
distortion can be detected by the odd harmonic
detector and amplitude saturation detector as show in
fig. 2, then the control logic was sent to the frequency
counter including output display in order to hold this
maximum level.

'bkm Soks/s 244 Acgs

S0V . i
DEDS  20d6  1.2SkHz

Fig. 4 The amplifier output signal when reach the amplitude

distortion(clipping).
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2.4 Odd harmonic detector

The amplitude distortion that occur when the
maximum power output reached can be detect by the odd
harmonic detector as show in fig.5. This part consist of a
narrow band pass filter[S] and a voltage comparator
circuit. The center frequency is 5 KHz, which is the 5%
harmonic of the input signal of amplifier.

Fig. 5 Odd harmonic detector circuit diagram.

The circuit components are determined from the
following equations.

R -—2

= 6
24F,.CA, i
Q
R, = 7
2= 2 .CROT - A) ?
Q
R, = 8
3= 2f.C "
Where
Q = Quality factor
f. = Center frequency
Af = Voltage gain at center frequency

3. EXPERIMENTAL RESULT

To confirm the performance of method as described
above, an experiment of system under test is performed.
Many level of power output of power amplifier with load
at 8 ohms are presented. The accuracy was found to be
0.5 W, tester repeatability and reproducibility(R&R) is
below 5% and test time is about 15 seconds.
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Fig.7 Vi and VFC output comparison.

Tok HIDTM S00'S/s™ -7 Y
: g

Fig.8 VFC and BRM output at 2.80 Watts.

o 1-ACqs
P

Tek BXIDTR S00 S/s

ms m

Fig.9 VFC and BRM output at 11 Watts.

67



Fig.10 Output voltage, current and Power output of power
amplifier compare to the BRM output.

0.000 2000 4000 6000 $.000 10000 12000 14000
Power Ouput of Angplifier(W)

Fig.11 Power output of power amplifier and display result of
power measurement based on BRM technique.

4. CONCLUSIONS

With the experimental result, the digital power output
measurement based on the binary rate multiplication
techniques. The good accuracy, excellent tester R&R
with a fast test time are obtained.

The resolution of this system is depend on the ADC,
BRM and input voltage controller of power amplifier.
For power output measurement of power amplifier,
these technique benefits are as follow.
1.Fast test time, 15 seconds per test cycle.
2.0btain high accuracy without the skill operator.
3.No human error, excellent tester repeatability &
reproducibility.
4.High noise immunity, a multiplier is perform
digitally.
5.Fully digital control, no need micro-processor or
micro-controller.
6.Low cost.
7. No more external equipment required such as the
audio signal generator, oscilloscope etc.
8. Highly possible to build in the single chip.
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Abstract

In this paper 1'0/lage-lo-frequcncy conversion (VFC)
circuit with Binary Rate Multipliers (BRM) output is
presented. We first analyze spectrum value and percentage
of Binary Bit Rate (BBR) power then reject the repeated
power values, and select only one BBR signal 1o construct
BRM by linear combination. A VFC design with I 10 §
volts (Vin) and #2.5 volis (Vout) can generate BRM
pattern (0 Hz — 39.0625 kHz) in sine, triangular, saw-
tooth and square waveform. The average value of VFC
output signal is fedback to input of the VFC in order 1o
stabilize pattern for BRM transmission. The outy ut
patterns and  frequencies can be controlled either
independently or simultaneously.

I. Introduction

All electrical appliances, such as generators, motors or
heating etc., are operated on sinusoidal form of electrical
energy. The frequency of basic VFC varies lincarly with
input voltage. As the oscillation varies, the time period
does and energy at that time period cannot be controlled.
To overcome these problems, it can be made by
transmitting in BRM pattern [1],[4]. The BRM [2-3] error
can be detected as well as accuracy of BRM energy supply
can be controlled precisely. The BRM output energy by
these techniques can be controlled and varied continuously
by two means. Firstly, fix the frequencies ,vary the BRM
waveforms. Secondly, fix the BRM waveform and vary the
frequencies. Both methods can give continuous variation
of output energy.

I1. Principle and Theory [5]

2.1 Binary Bit Rate
From 8 bit binary , it consists of 256 forms, by
starting from 00000000 b o TTITTLI,. If it is converted
into decimal numbers, the values start from 0 to 255 called
digital weight (DW). There are two possible logic values
of 1 binary bit that may be either 0 or 1. If binary signal
multiplied by logic 1, the output remains unchanged but if
the signal is multiplied by 0 the output will be at ground
level or logic 0. If we assume binary signal to be 8 bit that
cach bit multiplied by different waveform, sine wave, it
will be called that Binary Bit Rate (BBR). Thus BBR
resulted from DW 255 or FETTTTTT, multiplied by sine
wave that generates the equation as function of time [5].
JS(t)=sin8s

(—/TS’S/?) ()
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2.2 Energy of BBR and BRM wave forms ;

Energy of BBR can be analyzed from equatf
(1), f(t) , in form of Trigonometric Fourier Serjes [5], ‘
phase and BBR spectrum can be found from €quation (2), i

Spectrumy = a

[ 5
Spectrum,, =\la; + by,

where a,, a, and b, are Fourier coefficients, Dye
function f(t), it is divided into 8 equal parts. The integral;
values of Trigonometric Fourier Series will be divided intg 8
8 parts that each part is multiplied by logic of each bit and
becomes equation (3). 4

# =0

@, = tan )

=1 by
an

‘.—w(.‘-a

[ f()...=(bit7)

=t

- Hbit6) [.. H(bit5)

3n

n 3
i .. H{bitd)
-

)
N’:‘—ua,za

i

=
B ]
w

O) 8

0 4 2 4 n

[ - +®IB) [ Hbi2) [.. bitl) | .. 4{bit0) J...

_n 0 n x 3n
4 4 2 3

From equation (3), it seems that the phase and 78
BBR spectrum in equation (2) will give the relation as e

shown in Fig.1. <

SPECTRUM

?
T
1
(f
?
1

Fig. 1. The relation between spectrum and BBR.

Each different spectrum values which phase -¢
differs will have different sign but energy are equal. If the 58
spectrum of + 1.0 s designed as 100% energy, the .
cquation (3) will lead to the relations between percentage B -
of encrgy and BBR as shown in Fig.2. ‘
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From Fig.2, it is found that there are 9 repeated
Yalues of BBR energy. We select the values from each
Froup that are 0, 16, 68 , 84 , 170 , 186 , 238 , 254 and
955 because of 3 bit binary consisted of 2° or 8 valucs.
fThus we selected only 8 BBRi.e., 0, 16,68, 84, 170 , 186
238 and 254. Let the selected groupbe 0,1,2,3,4.5.6
g7 respectively and named as Binary Rate Multiplier
(BRM).

1

=

2.3 BRM expansion into 4 bit

BRM 3 bit consists of 8 values of energy level. If
is expanded into 4 bit , it will have the detail of energy
el up to 16 values which give more fineness and better
fthan 4 bit as shown in table 1.

#4]

Table 1| BRM 4 bit combined value

BRM Combine Binary
0 0 0000000000000000
1 1 0000000100000000
2 2 0000100000001000
3 1+2 0001000100010000
4 4 0100010101000100
5 1+4 0101010001010100
6 2+4 1010101010101010
7 1+2+4 0101010101010100
8 8 1010101110101010
9 1+8 1010110010101010
10 2+8 1011101010111010
11 1+2+8 1011101110111010
12 4+8 1110111011101110
13 1+4+8 LEIOLLTTT1101110
14 2+4+8 [RRRRRRIURRERRRTH)
15 1+2+4+8 TLLTRIRIEennneno

'-: From table 1, we consider each column that is
ound that there are 4 groups of repeated values. If the
RM is written in the binary 4 bit form of DCBA, each
l:.{ can be written in minterm on Karnaugh map [5].

g Thus the BRM bit train give output to be
gy >BDCDADCDBDCDO0. The BRM bit train can be
Bdnsmitted by using IC Multiplexer as part A in Fig. 3.
gich as BRM 9 (DCBA = 1001), give output to be
210101110101010.

2.4 Analysis of feedback signal for the stability
of BRM (VFC) circuit
g2 The block diagram of BRM pattern generator
;55 of 3 parts. BRM pattern which can vary
gyduency and waveform, reference signal of 4 waveforms
1 Output at A4, AS feedback circuit which appends on
R \STsion of average output for the stability of the circuit.
‘ . The output response composed with input is
Ined by closed loop transfer function (4) of the
diagram. The response and parameter adjustment
considered from the relation.

iy -
010 k
e
far
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Fig.3. Block diagram of VFC with BRM Pattern.

KpKg.ls
|+ KD.KB,K;/.FS

Vour _
Vin

(4)

Kp = Gain of BRM frequency
Ky = Gain of BRM Pattern
Ky = RMS Gain

Fs = Average Gain

Feedback signal for the circuit can be considered
from RMS value or Average value that the spectrum and
average value are linearly related with BRM [5].

If we adjust the amplification of an average value
correctly, the graphs of spectrum and average values can
be coincided. Feedback signals for stability of the VFC
circuit is selected from the amplifier part of the average
circuit in Fig.4.

Fig.4. Circuit of VFC with BRM Patterns.

III. VFC CIRCUIT DESIGN

3.1 Circuit analysis and design

The circuit design is derived from considering the
vertical sampling signal which is equally devided into 16
sampling parts on horizontal axis. Let digital 255 be
maximum values and 0 be minimum values, all other digits
will lie between 00H to FFH. If these values are stored in
EPROM through DAC circuit by counting 4 bit from
EPROM, one signal waveform will appcear as part B of
Fig.4. If 4 bit counter is used to read the waveform,
frequency will be reduced. If the maximum frequency fed
through VFC is 10 MHz, we will get frequency at each
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Fig.5. BRM pattern Generation circuit by Simulation.

10 MH:z
16-

Thus maximum frequency of the circuit will be not more
than 625 kHz. The waveform generation is made by
averaging the output waveform from IC multiplexer at part
A of Fig.4. By supplying 1 to 5 V at the input of A/D it
will generate 4 bit output. Output of the multiplexer from 4
bit counter in part A of Fig.4, which has input at CK from
CY of counter in part B, gives the BRM pulse train. Thus,
maximum time period of 16 periodic waveform and BRM
waveform has the frequency

Fooncte = 6251 :H’ = 39.0625 kHz

time period of each waveform : Soignat = = 625 kHz -

3.2 Simulation

From circuit design as shown in Fig.5 by pulse
train analysis of the BRM, the results are shown on table 1.
These patterns can be fed into input of multiplexer by
using Psplce by varying input of A/D with 39 mV per step.
The 3" form is 0.1 V. The simulated results operated at
BRM output are correct, consequently it lead to hardware

design.

a/0_c e
A/D_D r—
BRM_O/P = B 1

0s Seus 100us 150us 200us 250us 300us
Time

Fig. 6. Simulation Results at clock frequency 1 MHz 4 bit,
with 3" Form.

IV. EXPERIMENTAL RESULTS

BRM at output of part A, functions as analogés
switch to ON-OFF the signal at part B. If the switch is ONzg§
the signal will appear, if it is OFF there will be no signaf#
The output signal amplitude is 0 to 5 V, so in order to h =
the output of + 2.5 V the signal has to pass through¥s
summing circuit with voltage of — 2.5 V. Variation of§
VFC output in Fig.l can be operated by two means]
Firstly, set the clock at requried frequency and adjust inpuf 8
from 1 to 5 V, will give discontinuous BRM output of 16§
levels. Secondly, if input voltage is fixed and adjust cl -
frequency will result in output waveform continuity. 3

ToR Bun S00ASAY  Sempls TOR Run: 30043/3  Semple
| ganad azac

TR TR TR M
AT 'W\VA VAVAV VA\}\V:AVVV.

TV P
eav  3epe v LAl "m- ard
oA e poehin feol Tok fum: 300K/8  Sample
t e >
T

! |
A il

LA 4 LAl " s

10 kHz.
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From Fig.7, clock frequency is set at 160 kHz that
- ‘ es frequency fg 10 kHz. With input 4 V it will give
g " 12 output, then feedback through average circuit
Bhvith amplified average values of sine wave, triangular
'w-tooth, and square wave to be 0.636, 0.5, 0.5 and 1.0
Fespectively. This feedback signal is meant for the stability

fthe output level purpose.

b 4.1 Application of BRM to DC Motor
DC motor speed control is operated under two
Fonditions i.e. direct drive and BRM. Clearly, from Fig.8,
power output with open loop BRM control is higher than
gonventional method i.e., by variac control. The
‘gniﬁcance of BRM signal is that at specific load set
fequally, the energy consumed by conventional method is
Bhigher than BRM pattern control method. Apart from
fmany advantages mentioned, BRM pattern can be applied
;3 'wide range of ac motor and the dc motor speed can be
controlled as low as 4 rpm.

T e

i OLOM s . 300{ - - 10ad=0.1 Nm

05 10 15 20 25 30
Speed x 1000(rpm)
300, - - - _Lga_dIO.J Nm

05 10 15 20 25 30
Speed x 1000(rpm)
. Lload=02Nm

VR = oy e '

05 10 15 20 25 30 05 10 15 20 25 30
= Speed x 1000(rpm) Speed x 1000(rpm)

iFig.8. Compare power on DC motor between BRM and
o direct drive.

: 4.2 Maximum ripple comparison between BRM
g and PWM

2. The BRM technique applied to control dc motor
fsulted in increasing efficiency. The main features is the
‘,hnique of supply suitable both voltage and current at the
fibut of motor. Fig. 9 (a) and (b) show maximum ripple
fmparison between BRM and PWM at 4 and 8 bit, By
#Hting the ratio of T/T. p = 0.001 the bit number are
ficreased from 4 bit to 8 bit. Equations of these results
in [1], [4). It will not affect to maximum ripple, it
applied to control both 4 quadrants single phase and
es of DC motor and AC motor, respectively.

0
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<

V. CONCULSION

“ By BRM signal analysis of energy percentage, it
1S to rudimentary method of designing VFC with BRM

Put of 4 waveforms i.e., sine, triangular, saw-tooth and
B wave with multiplexing of BRM bit train

wh
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transmission. The input can vary from 1 to 5 V and clock
frequency can vary from 0 to 10 MHz. One waveform with
frequency from 0 to 625 kHz of amplitude £ 2.5 V is also
obtained. Average output voltage is fedback which
amplified according to the waveforms to account for the
stability of energy of VFC output. Adjustment of both
input and clock frequency will give result of BRM pattern
continuity. BRM output can be applied to trigger triacs or
IGBT driving. Apart from direct applications in
communication system, it is found highly useful in data
multiplexing for sending an intelligence.

Maximum Rppie of PV and BRM kr Gterend a%08 of T/Tp
' T

"gy -3 T T T
—
' ' ' ' ' '
/

(a) Maximum ripple of BRM and PWM (m=4)

f

............
.............
......................

(b) Maximum ripple of BRM and PWM (m=8)

Fig. 9. Maximum ripple comparison between BRM and
PWM
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Integrated Circuit
True RMS-to-DC Converter

AD336A

FEATURES
True RMS-to-DC Conversion
Laser-Trimmed to High Accuracy
0.2% Max Error (AD536AK)
0.5% Max Error (AD536AJ)
Wide Response Capability:
Computes RMS of AC and DC Signals
450 kHz Bandwidth: V rms > 100 mV
2 MHz Bandwidth: Vrms > 1V
Signal Crest Factor of 7 for 1% Error
dB Output with 60 dB Range
Low Power: 1.2 mA Quiescent Current
Single or Dual Supply Operation
Monolithic Integrated Circuit
-55°C to +125°C Operation (AD536AS)

PRODUCT DESCRIPTION

The AD536A is a complete monolithic integrated circuit which
performs true rms-to-dc conversion. It offers performance which
is comparable or superior to that of hybrid or modular units
costing much more. The AD536A directly computes the true
rms value of any complex input waveform containing ac and dc
components. It has a crest factor compensation scheme which
allows measurements with 1% error at crest factors up to 7. The
wide bandwidth of the device extends the measurement capabi-
lity to 300 kHz with 3 dB error for signal levels above 100 mV.

An important feature of the AD536A not previously available in
rms converters is an auxiliary dB output. The logarithm of the
rms output signal is brought out to a separate pin to allow the
dB conversion, with a useful dynamic range of 60 dB. Using an
externally supplied reference current, the 0 dB level can be con-
veniently set by the user to correspond to any input level from
0.1 to 2 volts rms.

The AD536A is laser trimmed at the wafer level for input and
output offset, positive and negative waveform symmetry (dc re-
versal error), and full-scale accuracy at 7 V rms. As a result, no
external trims are required to achieve the rated unit accuracy.

There is full protection for both inputs and outputs. The input
circuitry can take overload voltages well beyond the supply lev-
els. Loss of supply voltage with inputs connected will not cause
unit failure. The output is short-circuit protected.

The AD536A is available in two accuracy grades (J, K) for com-
mercial temperature range (0°C to +70°C) applications, and one
grade (S) rated for the -55°C to +125°C extended range. The
AD536AK offers a maximum total error of £2 mV £0.2% of
reading, and the AD536AJ and AD536AS have maximum errors
of £5 mV £0.5% of reading. All three versions are available in
either a hermetically sealed 14-lead DIP or 10-pin TO-100
metal can. The AD536AS is also available in a 20-leadless her-
metically sealed ceramic chip carrier.
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PIN CONFIGURATIONS AND
FUNCTIONAL BLOCK DIAGRAMS

TO-116 (D-14) and TO-100 (H-10A)

Q-14 Package Package
S

vin[1] * Aaue | [1]+vs

NC E AD536A E NC

o] T A oud

Cav[4] [11] NC

(e[ [Smeer | [mloom 5

out[¢] oyt s

G o

NC = NO CONNECT
-Vg

LCC (E-20A) Package
NC Vjy NC sVg NC

BUF BUF NC loyy R
OUT IN ouT L
NC = NO CONNECT

PRODUCT HIGHLIGHTS

1. The AD536A computes the true root-mean-square level of a
complex ac (or ac plus dc) input signal and gives an equiva-
lent dc output level. The true rms value of a waveform is a
more useful quantity than the average rectified value since it
relates directly to the power of the signal. The rms value of a
statistical signal also relates to its standard deviation.

2. The crest factor of a waveform is the ratio of the peak signal
swing to the rms value. The crest factor compensation
scheme of the AD536A allows measurement of highly com-
plex signals with wide dynamic range.

3. The only external component required to perform measure-
ments to the fully specified accuracy is the capacitor which
sets the averaging period. The value of this capacitor determines
the low frequency ac accuracy, ripple level and settling time.

4. The AD536A will operate equally well from split supplies or
a single supply with total supply levels from 5 to 36 volts.
The one milliampere quiescent supply current makes the
device well-suited for a wide variety of remote controllers and
battery powered instruments.

5. The AD536A directly replaces the AD536 and provides im-
proved bandwidth and temperature drift specifications.

One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106, U.S.A.
Tel: 781/329-4700 World Wide Web Site: http://www.analog.com
Fax: 781/326-8703 © Analog Devices, Inc., 1999



ADS36A—SPEC I FI CATl U NS (@ +25°C, and =13V dc unless otherwise noted)

Model ADS36A] ADS36AK ADS536AS
Min Typ Max Min Typ Max Min Typ Max Units
TRANSFER FUNCTION 2 2
CONVERSION ACCURACY Vour =V ave. (V) Vour = ,] avg. (V) Vour = Jaug. (™)
Total Error, Internal Trim' (Figure 1) *5 +£0.5 +2 0.2 +5 0.5 mV t % of Reading
vs. Temperature, Ty to +70°C 0.1 £0.01 10.05 £0.005 +0.1 £0.005 | mV % of Reading/°C
+70°C to +125°C +0.3 £0.005 | mV t % of Reading/*C
vs. Supply Voltage 10.1 1£0.01 0.1 £0.01 10.1 £0.01 mV t % of Reading/V
dc Reversal Error 10.2 10.1 10.2 t % of Reading
Total Error, External Trim' (Figure 2) 13 +0.3 +2 $0.1 +3$0.3 mV t % of Reading
ERROR VS. CREST FACTOR?
Crest Factor 1 to 2 Specified Accuracy Specified Accuracy Specified Accuracy
Crest Factor = 3 -0.1 -0.1 -0.1 % of Reading
Crest Factor = 7 -1.0 -1.0 -1.0 % of Reading
FREQUENCY RESPONSE’
Bandwidth for 1% Additional Error (0.09 dB)
Vi =10 mV 5 5 5 kHz
Vi =100 mV 45 45 45 kHz
V=1V 120 120 120 kHz
+3 dB Bandwidth
Vi = 10 mV 90 90 90 kHz
Vv =100 mV 450 450 450 kHz
Vn=1V 2.3 23 2.3 MHz
AVERAGING TIME CONSTANT (Figure 5) 25 25 25 ms/uF CAV
INPUT CHARACTERISTICS
Signal Range, £15 V Supplies
Continuous rms Level Oto7 Oto7 Oto7 V rms
Peak Transient Input 120 120 120 V peak .
Continuous rms Level, +5 V Supplies Oto2 Oto2 Oto2 V rms
Peak Transient Input, £5 V Supplies 17 *7 +7 V peak
Maximum Continuous Nondestructive
Input Level (All Supply Voltages) 125 125 125 V peak
Input Resistance 13.33 16.67 20 13.33 16.67 20 13.33 16.67 20 kQ
Input Offset Voltage 0.8 $2 0.5 +1 0.8 12 mV
OUTPUT CHARACTERISTICS
Offset Voltage, Viy = COM (Figure 1) +1 +2 $0.5 +1 +2 mV
vs. Temperature 10.1 10.1 +0.2 mV/°C
vs. Supply Voltage 10.1 10.1 10.2 mV/V
Voltage Swing, +15 V Supplies 0to +11 +12.5 0to +11 +12.5 Oto+11 +12.5 v
15 V Supply 0to+2 Oto +2 0to +2 \4
dB OUTPUT (Figure 13)
Error, Viy7mVto 7V rms, 0dB =1V rms 10.4 +0.6 10.2 +0.3 0.5 +0.6 dB
Scale Factor -3 -3 -3 mV/dB
Scale Factor TC (Uncompensated, see Fig-
ure 1 for Temperature Compensation) -0.033 -0.033 -0.033 dBrC
+0.33 +0.33 +0.33 % of Reading/°C
Ipgpfor 0dB =1V rms H 20 80 H 20 80 H 20 80 pA
Irer Range 1 100 1 100 1 100 pA
Iour TERMINAL
Iour Scale Factor 40 40 40 HA/V rms
Iour Scale Factor Tolerance 10 120 110 120 110 120 %
Output Resistance 20 25 30 20 25 30 20 25 30 kQ
Voltage Compliance -Vsto (+Vs -Vsto (+Vs -Vsto (+Vs
-2.5V) -2.5V) -2.5V) \
BUFFER AMPLIFIER
Input and Output Voltage Range -Vs to (+Vs -Vsto (+Vs -Vsto (+Vs v
-25V) -2.5V) -25V)
Input Offset Voltage, Rs = 25 k 0.5 +4 10.5 *4 0.5 +4 mV
Input Bias Current 20 60 20 60 20 60 nA
Input Resistance 10° 10% 10° Q
Output Current (+5 mA, (+5 mA, (+5 mA,
-130 pA) -130 pA) -130 pA)
Short Circuit Current 20 20 20 mA
Output Resistance 0.5 0.5 0.5 Q
Small Signal Bandwidth 1 1 1 MHz
Slew Rate* 5 5 5 Vips
POWER SUPPLY
Voltage Rated Performance 115 115 $15 v
Dual Supply 3.0 118 13.0 118 +3.0 +18 ¥
Single Supply +5 +36 +5 +36 +5 +36 v
Quiescent Current
Total Vs, 5V to 36 V, Ty to Tuax 1.2 2 1.2 2 1.2 2 mA
TEMPERATURE RANGE
Rated Performance 0 +70 0 +70 -33 +125 °c
Storage -55 +150 -55 +150 -55 +150 °C
NUMBER OF TRANSISTORS 65 65 65
NOTES

'Accuracy is specified for 0 Vto 7 V rms, dc or 1 kHz sine wave input with the AD536A connected as in the figure referenced.
2Error vs. crest factor is specified as an additional error for 1 V rms rectangular pulse input, pulsewidth = 200 ps.
’Input voltages are expressed in volts rms, and error is percent of reading.

*With 2k external pull-down resistor.
Specifications subject to change without notice.

Specifi boldfs

shown in

units at final el

are tested on all p

:Ilhou'h only those shown in boldface are tested on all production units.

I test. Results from those tests are used to calculate outgoing quality levels. All min and max specifications are guaranteed,
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ABSOLUTE MAXIMUM RATINGS!

Supply Voltage
Dual Supply ... 18V
Single Supply ....... .o +36 V
Internal Power Dissipation® .................... 500 mW
Maximum Input Voltage .................... +25 V Peak
Buffer Maximum Input Voltage ..................... Vg
Maximum Input Voltage .................... 125V Peak

Storage Temperature Range ............ -55°C to +150°C

Operating Temperature Range

ADS36AJK .. 0°C to +70°C

AD536AS ... -55°C to +125°C
Lead Temperature Range

(Soldering 60 s€C) .........i.iiiiiiiiinin.., +300°C
ESDRating .......covviinnininennennnnnennn. 1000 V
NOTES

!Stresses above those listed under Absolute Maximum Ratings may cause perma-
nent damage to the device. This is a stress rating only; functional operation of the
device at these or any other conditions above those indicated in the operational
section of this specification is not implied. Exposure to absolute maximum rating
conditions for extended periods may affect device reliability.

210-Pin Header: 6ja = 150°C/W; 20-Leadless LCC: 6j4 = 95°C/W; 14-Lead Size
Brazed Ceramic DIP: 6, = 95°C/W.

CHIP DIMENSIONS AND PAD LAYOUT

Dimensions shown in inches and (mm).

0.1315 (3.340) ﬁ
L
10 9

8 loyr

0.0807
(2.050)

Vi 1A
Vin1B*

v

5 6 _I

BUF OUT

PAD NUMBERS CORRESPOND TO PIN NUMBERS FOR THE TO-166 14-LEAD CERAMIC DIP PACKAGE.
NOTE

*BOTH PADS SHOWN MUST BE CONNECTED TO V.
THE ADS36A IS AVAILABLE IN LASER TRIMMED CHIP FORM.
SUBSTRATE CONNECTED TO -Vg.

ORDERING GUIDE

Temperature Package Package
Model Range Description Option
AD536A]D 0°C to +70°C Side Brazed Ceramic DIP |D-14
AD536AKD 0°C to +70°C Side Brazed Ceramic DIP |D-14
AD536AJH 0°C to +70°C Header H-10A
AD536AKH 0°C to +70°C Header H-10A
AD536A]Q 0°C to +70°C Cerdip Q-14
AD536AKQ 0°C to +70°C Cerdip Q-14
AD536ASD -55°C to +125°C | Side Brazed Ceramic DIP |D-14
AD536ASD/883B | —55°C to +125°C | Side Brazed Ceramic DIP |D-14
AD536ASE/883B -55°C to +125°C | LCC E-20A
AD536ASH -55°C to +125°C | Header H-10A
AD536ASH/883B | -55°C to +125°C | Header H-10A
AD536AJCHIPS 0°C to +70°C Die
AD536AKH/+ 0°C to +70°C Header H-10A
AD536ASCHIPS | -55°C to +125°C | Die
5962-89805012A -55°C to +125°C | LCC E-20A
5962-8980501CA | -55°C to +125°C | Side Brazed Ceramic DIP |D-14
5962-89805011A -55°C to +125°C | Header H-10A

REV. B

STANDARD CONNECTION

The AD536A is simple to connect for the majority of high accu-
racy rms measurements, requiring only an external capacitor to
set the averaging time constant. The standard connection is
shown in Figure 1. In this configuration, the AD536A will mea-
sure the rms of the ac and dc level present at the input, but will
show an error for low frequency inputs as a function of the filter
capacitor, Cay, as shown in Figure 5. Thus, if a 4 pF capacitor
is used, the additional average error at 10 Hz will be 0.1%, at

3 Hz it will be 1%. The accuracy at higher frequencies will be
according to specification. If it is desired to reject the dc input, a
capacitor is added in series with the input, as shown in Figure 3,
the capacitor must be nonpolar. If the AD536A is driven with
power supplies with a considerable amount of high frequency
ripple, it is advisable to bypass both supplies to ground with

0.1 pF ceramic discs as near the device as possible.

Cav
b [ 2
1r
\J
[
AVALDE | [} +vs
AD536A E]
SQUARER
DIVIDER E

Figure 1. Standard RMS Connection
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The input and output signal ranges are a function of the supply
voltages; these ranges are shown in Figure 14. The AD536A can
also be used in an unbuffered voltage output mode by discon-
necting the input to the buffer. The output then appears unbuf-
fered across the 25 kQ resistor. The buffer amplifier can then be
used for other purposes. Further the AD536A can be used in a
current output mode by disconnecting the 25 kQ resistor from
ground. The output current is available at Pin 8 (Pin 10 on the
“H” package) with a nominal scale of 40 pHA per volt rms input
positive out.

OPTIONAL EXTERNAL TRIMS FOR HIGH ACCURACY
If it is desired to improve the accuracy of the AD536A, the
external trims shown in Figure 2 can be added. R4 is used to
trim the offset. Note that the offset trim circuit adds 365 Q in
series with the internal 25 kQ resistor. This will cause a 1.5%
increase in scale factor, which is trimmed out by using R1 as
shown. Range of scale factor adjustment is +1.5%.

The trimming procedure is as follows:

1. Ground the input signal, Vpy, and adjust R4 to give zero
volts output from Pin 6. Alternatively, R4 can be adjusted to
give the correct output with the lowest expected value of Vpy.

2. Connect the desired full scale input level to Vpy, either dc or
a calibrated ac signal (1 kHz is the optimum frequency);
then trim R1, to give the correct output from Pin 6, i.e.,
1000 V dc input should give 1.000 V dc output. Of course, a
+1.000 V peak-to-peak sine wave should give a 0.707 V dc
output. The remaining errors, as given in the specifications
are due to the nonlinearity.

The major advantage of external trimming is to optimize device
performance for a reduced signal range; the AD536A is inter-
nally trimmed for a 7 V rms full-scale range.

-+
SCALE =

FACTOR
ADJUST

o a7
m
50092

G

G

{4 ]

a

vm,,—_E

’—E

Figure 2. Optional External Gain and Output Offset Trims

SINGLE SUPPLY CONNECTION

The applications in Figures | and 2 require the use of approxi-
mately symmetrical dual supplies. The AD536A can also be
used with only a single positive supply down to +5 volts, as
shown in Figure 3. The major limitation of this connection is
that only ac signals can be measured since the differential input
stage must be biased off ground for proper operation. This
biasing is done at Pin 10; thus it is critical that no extraneous
signals be coupled into this point. Biasing can be accomplished

—4—
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by using a resistive divider between +Vs and ground. The values
of the resistors can be increased in the interest of lowered power
consumption, since only 5 mA of current flows into Pin 10
(Pin 2 on the “H” package). AC input coupling requires only
capacitor C2 as shown; a dc return is not necessary as it is
provided internally. C2 is selected for the proper low frequency
break point with the input resistance of 16.7 kQ; for a cutoff at
10 Hz, C2 should be 1 pF. The signal ranges in this connection
are slightly more restricted than in the dual supply connection.
The input and output signal ranges are shown in Figure 14. The
load resistor, Ry, is necessary to provide output sink current.

Cav

ABSULUTE
VALUL

SOUARFR
l DIVIDER

CURRENT
MIRROR

Sg
NONPQOLARIZED E
a3
4
D
6

10k to Tk

Figure 3. Single Supply Connection

CHOOSING THE AVERAGING TIME CONSTANT

The AD536A will compute the rms of both ac and dc signals.
If the input is a slowly-varying dc signal, the output of the
AD536A will track the input exactly. At higher frequencies, the
average output of the AD536A will approach the rms value of
the input signal. The actual output of the AD536A will differ
from the ideal output by a dc (or average) error and some
amount of ripple, as demonstrated in Figure 4.

Eo

IDEAL
Eo

DC ERROR - E, - E, [IDEAL)

6 C 6 T N averact to- to

™~ DOUBLF —FRF OUFNCY
AIPPLE

—

TIME

Figure 4. Typical Output Waveform for Sinusoidal Input

The dc error is dependent on the input signal frequency and the
value of Cay. Figure 5 can be used to determine the minimum
value of Cay which will yield a given percent dc error above a
given frequency using the standard rms connection.

The ac component of the output signal is the ripple. There are
two ways to reduce the ripple. The first method involves using a
large value of C,y. Since the ripple is inversely proportional to
Cavs a tenfold increase in this capacitance will affect a tenfold
reduction in ripple. When measuring waveforms with high crest
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factors, (such as low duty cycle pulse trains), the averaging time
constant should be at least ten times the signal period. For
example, a 100 Hz pulse rate requires a 100 ms time constant,
which corresponds to a 4 pF capacitor (time constant = 25 ms
per pF).

The primary disadvantage in using a large Cay to remove ripple
is that the settling time for a step change in input level is in-
creased proportionately. Figure 5 shows that the relationship
between Cuy and 1% settling time is 115 milliseconds for each
microfarad of Cay. The settling time is twice as great for de-
creasing signals as for increasing signals (the values in Figure 5
are for decreasing signals). Settling time also increases for low
signal levels, as shown in Figure 6.

100 o 100
-L_ \\ K i T _j
. N y
NN HIN \~:o,=‘ '
2
10 AN N AN o ?*—AQ?’ w 8
< \; dH  Ze
N N 44 . 9 o
s 1T Ne! [ TX 5s
g TN S T g2
FIRT] 1 AN ‘o, N N , 10 -8
1 - ~ T, 5
g > &, + t N AN gx
3 | 20, - [ A B>
H l N M Eg
. | AN AN ING R 5
VALUES FORC,y AND \\ \ ‘ H
01 | 1% SETTLING TIME o1 =
" FOR STATED *. OF READING N |- - N - 2
|- AVEHAGING ERROH* NS 1 - N N
| ACCURACY =20%DUETO [} | N 5 N . -\
COMPONENT TOLERANCE N N
Lo | N \ R
% d¢ LRHOR « % RIPPLE |Peak)
001 I L 111 | L L1 \ 1 I 0.01
1 10 100 ALY 10k 1006

INPUT FREQUENCY - H-

Figure 5. Error/Settling Time Graph for Use with the Stan-
dard rms Connection in Figure 1
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Figure 6. Settling Time vs. Input Level

A better method for reducing output ripple is the use of a
“post-filter.” Figure 7 shows a suggested circuit. If a single-pole
filter is used (C3 removed, Ry shorted), and C2 is approximately
twice the value of C,y, the ripple is reduced as shown in Figure
8 and settling time is increased. For example, with Cay = 1 puF
and C2 = 2.2 pF, the ripple for a 60 Hz input is reduced from
10% of reading to approximately 0.3% of reading. The settling
time, however, is increased by approximately a factor of 3. The
values of Cay and C2, can, therefore, be reduced to permit faster
settling times while still providing substantial ripple reduction.

REV. B

The two-pole post-filter uses an active filter stage to provide
even greater ripple reduction without substantially increasing
the settling times over a circuit with a one-pole filter. The values
of Cay, C2, and C3 can then be reduced to allow extremely fast
settling times for a constant amount of ripple. Caution should
be exercised in choosing the value of Cay, since the dc error is
dependent upon this value and is independent of the post filter.

For a more detailed explanation of these topics refer to the
RMS to DC Conversion Application Guide 2nd Edition, available
from Analog Devices.
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Figure 7. 2-Pole “Post” Filter
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ADS536A PRINCIPLE OF OPERATION

The AD536A embodies an implicit solution of the rms equation
that overcomes the dynamic range as well as other limitations
inherent in a straightforward computation of rms. The actual
computation performed by the AD536A follows the equation:

2

V rms = Avg. Vin
V rms




AD536A

Figure 9 is a simplified schematic of the AD5364; it is subdi-
vided into four major sections: absolute value circuit (active
rectifier), squarer/divider, current mirror, and buffer amplifier.
The input voltage, Vi, which can be ac or dc, is converted to a
unipolar current I;, by the active rectifier A}, A,. I; drives one
input of the squarer/divider, which has the transfer function:

I, =121,

The output current, 14, of the squarer/divider drives the current
mirror through a low-pass filter formed by R1 and the externally
connected capacitor, Cay. If the R1, C,y time constant is much
greater than the longest period of the input signal, then L is
effectively averaged. The current mirror returns a current Is,
which equals Avg. [I,], back to the squarer/divider to complete
the implicit rms computation. Thus:

1,= Avg.[ 111, | =1, rms

CURRENT MIRROA

+Vg
com

0.2mA
Fs
ABSOLUTE VALUES

VOLIAGE - CURRENT
CONVERTER

- nl <&k -
| P =

- (e B
TBs=lp 185
- &

E — QUADRANT
SQUARER/
l DIVIDER

NOTE: PINOUTS ARE FOR 14-PIN DIP

Figure 9. Simplified Schematic
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The current mirror also produces the output current, Ioyr,
which equals 21,. IoyT can be used directly or converted to a
voltage with R2 and buffered by A4 to provide a low impedance
voltage output. The transfer function of the AD536A thus
results:

Vour =2R2I1rms=V, rms

The dB output is derived from the emitter of Q3, since the
voltage at this point is proportional to -log Vpy. Emitter fol-
lower, Q5, buffers and level shifts this voltage, so that the dB
output voltage is zero when the externally supplied emitter
current (Irgr) to Q5 approximates I5.

CONNECTIONS FOR dB OPERATION

A powerful feature added to the AD536A is the logarithmic or
decibel output. The internal circuit computing dB works accu-
rately over a 60 dB range. The connections for dB measure-
ments are shown in Figure 10. The user selects the 0 dB level by
adjusting R1, for the proper 0 dB reference current (which is set
to exactly cancel the log output current from the squarer-divider
at the desired 0 dB point). The external op amp is used to pro-
vide a more convenient scale and to allow compensation of the
+0.33%/°C scale factor drift of the dB output pin. The special
T.C. resistor, R2, is available from Tel Labs in Londonderry,
N.H. (model Q-81) or from Precision Resistor Inc., Hillside,
N.J. (model PT146). The averaged temperature coefficients of
resistors R2 and R3 develop the +3300 ppm needed to reverse
compensate the dB output. The linear rms output is available at
Pin 8 on DIP or Pin 10 on header device with an output imped-
ance of 25 kQ; thus some applications may require an additional
buffer amplifier if this output is desired.

dB Calibration:

1. Set Viy = 1.00 Vdc or 1.00 V rms
2. Adjust R1 for dB out = 0.00 V

3. Set Viy =+0.1 Vdcor 0.10 V rms
4. Adjust R5 for dB out =-2.00 V

Any other desired 0 dB reference level can be used by setting
Vi~ and adjusting R1, accordingly. Note that adjusting R5 for
the proper gain automatically gives the correct temperature
compensation.

©
E
h

O
LINEAR rms

OUTPUT

*SPFCIAL TC COMPENSATION RESISTOR +3500ppm 1% TEL LABS 0-81

Figure 10. dB Connection
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FREQUENCY RESPONSE

The AD536A utilizes a logarithmic circuit in performing the
implicit rms computation. As with any log circuit, bandwidth is
proportional to signal level. The solid lines in the graph below
represent the frequency response of the AD536A at input levels
from 10 millivolts to 7 volts rms. The dashed lines indicate the
upper frequency limits for 1%, 10%, and 3 dB of reading addi-
tional error. For example, note that a 1 volt rms signal will pro-
duce less than 1% of reading additional error up to 120 kHz. A
10 millivolt signal can be measured with 1% of reading addi-
tional error (100 pV) up to only 5 kHz.

-
i
10
TV rms INPUT % . I\\
§ 3 L 11 7l £ +3d8_ |
> W rms INPUT p A >
5 L 11 pad 47
s 01 rd o
> 100mV rms WPUT - A
0.0 | 1 L+ +2F~
© [ 10mV rms INPUT N
[ R
1 10k 100k ™ oM

FREQUENCY H.
Figure 11. High Frequency Response

AC MEASUREMENT ACCURACY AND CREST FACTOR
Crest factor is often overlooked in determining the accuracy of
an ac measurement. Crest factor is defined as the ratio of the
peak signal amplitude to the rms value of the signal (CF = Vy/
V rms). Most common waveforms, such as sine and triangle
waves, have relatively low crest factors (<2). Waveforms which
resemble low duty cycle pulse trains, such as those occurring in
switching power supplies and SCR circuits, have high crest
factors. For example, a rectangular pulse train with a 1% duty

cycle has a crest factor of 10 (CF =1 \/ﬁ ).

Figure 12 is a curve of reading error for the AD536A for a 1 volt
rms input signal with crest factors from 1 to 11. A rectangular
pulse train (pulsewidth 100 ps) was used for this test since it is
the worst-case waveform for rms measurement (all the energy is
contained in the peaks). The duty cycle and peak amplitude
were varied to produce crest factors from 1 to 11 while main-
taining a constant 1 volt rms input amplitude.

REV. B 7

_L}a— f— n=DUTY cycLE - 100

vp D S I O CF=V (/7

¢ _4 | oy (rms) = 1 Vot rm
1003

[
T

INCREASE  '* - % ~
IN ERROR — : ~
% of Reading -2% N

- . !

4% X I 1

1 2 3 4 5 B8 2 B 9 W M

CREST FACTOR

Figure 12. Error vs. Crest Factor

IN ERRDR -
% of Reading 1% - i

T
\ wv mcf'i
0.1%

Ties 1003 100us  1000us
PULSE WIDTH - ps

|

1V rres CF=10

Figure 13. AD536A Error vs. Pulsewidth Rectang ular
Pulse

. /

"

tPEAK

INPUT OR

ouTrur . } _l

/

5 ial) 1y a0l
YOI IS, DUAL SUPPRLY

[ | I 4
5 0 0 »
VOLTS, SINGLE SurrLY

Figure 14. AD536A Input and Output Voltage Ranges
vs. Supply




AD336A

OUTLINE DIMENSIONS

Dimensions shown in inches and (mm).

D-14 Package
TO-116
0.430
r‘— no 92) ’I
0.040 R 0.265 0.290 +0.010
(1.02) (6.73)  (7.37 :0.25)

PIN #1 IDENTIFIER

0.31:0.01

0.700 +0.010 {7.87 $0.25)
0.035 +0.010 {1278 £0.25) rq—.1
10.83 20, 25) 4 5 1

0.085 [2.16) 0.095 {2.41)
0.180 $0.030 ¥
0.125(3. 151 MIN {4.57 20.76) <l 0.01 $+0.002
N (0.25 *0.05)
0.047 *0.007 +”o- -—J 0.1(2.54) 3;23,

(119 *0.18) +0.003 REF

0.077 _5'002

(0437838

H-10A Package
TO-100
REF PLANE — 0.115 (2.92}
0.965 (4.19) |
085 40) | 0.500 2.7
1 0.562 (14.3) 0:23/15.84)
0.335 (8.51) —
0.370 (9.40) =
0.305 {7.75}
0355 (9.02)

/\_ 0.029 {0.74)
I 0045 (104)
0.032 (0.81) | 0.018 {0.41) 0.028 {0.7))
0.044 (112) =\ 00211053 "™ B} 0.034 to 86)

0.01 {0.25) 0.016 (0.41)
oo4 oy | ) 003 0am ™™ A sorrom view

SEATING PLANE

E-20A Package
LCC

0.350 = 0.008
o020 SQ
I (6.89 = 0.20}

12.085 =0.45 0.040 x 45°
1.02 x 45°)
REF 3 PLCS

)

]

)

.

) ]

2 025 +0.003
—§ (0635 £0075)

BOTTOM VIEW

0.20 x 45°
{0.51 x 45°)
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