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Dried Longans Moisture Measurement System

Miss. Keasorn Phoruksa
Mr. Sonthaya  Sanorsab
Dr. Kitiphol Chitsakul (Advisor)

g semester, Academic year 2004

Abstract

This thesis describes the design and construction of a dried longans moisture
measurement system. The system operation is based on capacitance measurement. Dried logans
are placed between two conductive plates as dielectric material. In this semester, the electronic

system is constructed and evaluated the characteristics and reported.
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|~ sTriangle or sine wave output

Square wave output

4
1 16 2:5 LS
b : d
= l Mult. L5 L
c Véo And
T 6 Sine 14
Zal Shaper 13 500
"~ S1 RA
4 2
v, 7 Current
Ty 8 Switches
11
L0012 3 10K

! L
— I 50K S

vce AN

__+
T10 uF

vec

3171 4.2 33 niiadey

2

Amst [1]
sTo [Z]
MO %
vV 4
ng =]
1c2 (6]
R1 [
TR2 [&]

SYM
SYM
WAV
WAV
GND

A2
Al
EA2
EA1

SYNCO
BIAS

FSKI

16 Lead PDIP, CDIP (0.300”)
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A15197 4.1 uaaarTiInmsiauusazvves ledues XR-2206

Pin Symbol Description
1 AMSI Amplitude Modulating Signal Input
2 STO Sine or Triangle Wave Output
3 MO Multiplier Output
4 Vce Possitive Power Supply
5 TC1 Timing Capacitor Input
6 TC2 Timing Capacitor Input
7 TR1 Timing Resistor 1 Output
8 TR2 Timing Resistor 2 Output
9 FSKI Frequency Shift Keying Input
10 BIAS Internal Voltage Reference
11 SYNCO Sync Output
12 GND Ground
13 WAVE1L | Wave From Adjust Input 1
14 WAVE2 | Wave From Adjust Input 2
15 SYMAI Wave Symetry Adjust 1
16 SYMA2 Wave Symetry Adjust 2

lo% XR-2206 sunsananALD 1A IUTI 0.01 Hz — 1 MHz dmfuluieesasgdi 42
ANUHYeNIIALANIAe A1 R 59NV 7 Azl C 5eMINM 5,6 AduInnnaumsi
4.1)

F=1/[RC] 4.1

NNNIALFIN 42 Aoensanudgege F- 250 KHz 191 C=0.1uF Tagmslsua VR1
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4.3 1993AMANBS ( Detecter Circuit )
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Vo= ACTENR 4.3)

Rf 10K

e e

Cf 10pF
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Cx
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| Yo
5 1

511 4.4 2995RmAIARS

{ ] T o Jd g T w1 T
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4.4 1993 AC Amplifier
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31/91 4.5 7995 AC Amplifier

4.5 7993103599714 ( Band pass filter )
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9 =)

9112995 AC Amplifier 120794 InUAMIZEIUANVDN 1F1AB 250 KHz

C2 30pF

AL
N

T viPok Ro=10dk

Vv

10K 2K 30pF (o) %
N =

-V

=R
A%

51/71 4. 6 2993n389AWA ( Band pass filter )

4.6 39935 RMS to DC converter ( RMS to DC converter Circuit )
2995 RMS to DC converter haadlugif 4.6 fmihilumsulasdyana AC 910
[ @ Y G o A
Band pass filter Widludayana DC lugdveaussiu uazihawsedu lduudawa lasnis

plot 15 1M
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4.7 31995 A/D Convertor
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+5V 1 +5V
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31 40 I_;l—- 5 - 3 VR1
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9 p3.6HE — 51E  LCD 16x1/16x2 L
RST p3.7HZ drs 1
K1 o ey D706 050403 D2 D1 D0_[1
1ok MCS-51 |04 1O !4Jn 5 I T I O
:

R3 g R4 ‘—I—
WwE -Eu,' 14 u‘]

9 15

P1LO L SDA  Aout —O ANALOG OUT
prf2 L P
1c2 1
PCF8591 |5 Ain |=————————0 ANALOG IN 0
Anl p——————0O ANALOG IN |
A2 an2 |0 ANALOG IN2
Al Ain3 PO ANALOG IN 3

20 13

ANALOG GND

Agnd

18 - 19
3 C4
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7171 4.9 uganesmitseusie luTnsaeulnsames MCs-51lo% ADC/DAC yussLVTA I'C
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= d' 1 dy 9 a
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¥ v
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1- 10 pF ﬂﬁ]uﬂi]%sl“lfﬂ'\ Cx UDINUYULYDT ‘Vlﬁi'N‘UuiJ"I!W'EWIﬂﬁ'ENW'Iﬂ']LLiQﬂu‘ﬂ"lﬂ’f]mﬂ‘ﬂiﬂ
1] d‘ d‘
AN NANUD 250 KHz
5.1 NATBUMINMNUYDINA Input (Signal generator)

a @ [ 4 Jd ey
14poadlaa ladSauseduitominnuesrastuiladayg ngin 4.2

g L1l

Ch1 Freq
253.6kHz

Ch1 Pk-Pk
9.32V

M;’é’iodﬁ; A Ch1 7 40.0mv
Aprrvevivey 9 Mar 2005
#4++0.00000 s 01:36:14

@

5171 5.1 werasdgygnmainnesiuiadaana(vi yosgili 44)

g g

5.2 NATBUMININUYDINA Detector

Ch1 Freq

254.3kHz ® Vi

Ch1 Pk-Pk
oo ® Vo-detec

Ch2 Freq
5.705MH2

1 ch2 pk-Pk
268mv

9 Mar 2005
i#++~0.00000 s 01:37:36

510 5.2 uermsdayanaueinn Vidloudu vo Y992905AMAADS (U7 4.4)7iA1 Cx = 2.2 pF

{ 3 ad a
Fu ox fiatraiu el laddnnsaiueime
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5.3 NATAUMIINNUUBINA AC amplifier

Tokestop. | s  — U S
: : i : :
Ch1 Freq
253.9kHz
; 5 : : 3 : 2 : ] ® Vi
T T :.:,;:::;:.::::::;i:::: Ch1 Pk-Pk Vm
s i : E 9.80V
® Vac-amp
Ch2 Freq
481.6kHz
Ch2 Pk=Pk
: 1.01V
Ch™ S50V ~ (B S00mv~ M2.004s A Ch1 7 0.00V
. i 9 Mar 2005
1+ 0.00000 s 01:38:23
A @ s a L
JU7 5.3 UAAITYYIVUVYDY Vinput (NI Vac-amp
o
5.4 NAAIUNIIMIIUYDINIA Band pass filter
Tek Stop | 5 : i -
) § ‘ g ] E j
Ch1F ® Vi
255.6]2?-:]2 Vln
1 chi pk-pk ® Vbandpass
9.80V
Ch2 Freq
252.6kHz
1 ch2 Pk=Pk
1.93V
CRIT S50V~ B So0mv & M2.004s A Chl 7 0.00V
- S 9 Mar 2005
§4++0.00000 s 01:39:08

51/#1 5.4 uanIdRYYIUYOL Vinput 1BV Vbandpass
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5.5 wamanaaealaglian capacitor N3A MY Cx (FUT 4.9)

AR Cx (pF) A5 RMS to DC(Vde)
1 0.66
2 1.09
3 1.3
4 1.86
5 2.06
6 2.4
7 3.34
8 3.78
9 4.1
10 43

[ —*—@1m37ua (pF) |

HL—=— aAqgenu (V
D™ ey J i

15 W - i -
i s Lok
04 :
1 2 3W2 .5 6., i B 10
ATKITIANU

717 5.5 uAAIMIIAUAVAIAIINY

Y v . Ay & Ay as a1
5.6 Nﬁﬂ‘l'ﬁ“ﬂaﬂﬂmﬂﬂ1ﬂ capacitor “ﬁi]@ﬂlumﬂﬂmﬂﬂﬁﬂﬂ]ﬁ‘]

laoidnn3n Vo (V)
e 5.32
ERCTNE 2.569
udetlureuon 4.12
uetlumdaon 3.977
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Vo (V)
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5.7 uaALTUABUM INAABIAZHATN a8 IR
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2. ileld ladidnnsaudaldnaily swi
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5. Aty reset iMaFU UM MY LCD szudasanILziauALYBUATDS

e pansnaaodlasiidn leaasneuinaianieg

nanlu dmin @ |alesigudimdsveni

M5L(UIN) (%)

0 220 100

2 195 97.67

4 170 95.81

6 145 90.09

8 125 89.43

10 100 87.3

300 N o " u_-"',',’»" N NS —'7 1 10
o R —#— 1na1lun13euuni)

200 -+ 100 iy
—— udn (g)

Weight(g)

109 - : § wef Fuinivae

0 _L.‘._i._l—%sl=$=l%==l:‘7'ﬂ—p 80

Time(minute)

A 4 LA, Pkl Al
?th’l 59 llﬁﬂ\jﬂ'ﬁ!ﬂaﬂuuﬂﬁqqlaqu']ﬂuﬂllﬂzujﬂﬁL‘ﬂuﬁlﬂﬂUﬂULQﬁ']ﬂ'ﬁﬂU
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e NMINAADUMIAIAIINGNABIVRIUATBY
y 9 v k4 v
Tumsnaaeuaiitizimiiasvesingyamun 2 a5 Tasmsiaudazaieoy
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MANUIN

a A v
!!ﬁﬂﬂﬂ]ﬁ!‘“ﬂ‘ﬂiﬂi!!ﬂi?»l!‘ﬂi‘)l!ﬁﬂﬂﬂ]@i’)ﬂ LCD

$regfile "8052.dat"
$ramstart =0
$ramsize = 256
$crystal = 11059200
$baud = 9600

$large

Dim Data 1 As Byte
Dim Data 2 As Byte
Dim Resut As Single

Dim Show As String * 8

Dim Idw As Byte
Dim Idr As Byte
Dim Chanel As Byte

Dim Dtoa As Byte

Chanel = 64
Idw = 144
Idr = 145

Dtoa=0

Swl Alias P1.2

Sw2 Alias P1.3

Config Scl=P1.1
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Config Sda="P1.0

Config Ledpin = Pin , Db4 = P2.0, Db5 = P2.1 , Db6 = P2.2, Db7=P2.3 ,E = P2.4 ,Rs=P2.5
ConfigLed =16 * 2

Cursor Off

[2cstart
12cwbyte Idw
I2cwbyte Chanel
[2cwbyte Dtoa

12cstop

[2cstart
I2cwbyte Idw
I2cwbyte Chanel
I2cwbyte Dtoa

12cstop

Cls
Led " Dried Longans "
Lowerline

Lcd "Electronic Kmitl"

Debounce Swl , 0, Set_datal , Sub

Debounce Sw2 , 0, Set_data2 , Sub

Loop

Set_datal:



[2cstart
I2cwbyte Idr
[2crbyte Data 1,9

[2cstop

[2cstart
I2cwbyte Idr
[2crbyte Data 1,9

12cstop

"Print "Value 1 =" ; Data_1
Cls

Led "1st="

Led Data_1

Return

Set data2:

[2cstart
I2cwbyte Idr
[2crbyte Data 2,9

[2¢stop

[2cstart
[2cwbyte Idr
[2crbyte Data 2,9

[2cstop

'Print "Value 2 =" ; Data 2

Cls

Led "1st="

33
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Led Data_1

Locate 1,9

Led "2nd="

Lcd Data 2
Resut=Data 2 /Data 1
Resut = Resut * 100
Show = Fusing(resut , ### . #)
'Print "Result =" ; Show
Lowerline

Lcd "Result="

Lcd Show

Led " %"

Return
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Philips Semiconductors

Product specification

8-bit A/D and D/A converter

PCF8591

1 FEATURES

¢ Single power supply
o Operating supply voltage 2.5 Vto 6 V

e Low standby current

e Serial input/output via 12C-bus

o Address by 3 hardware address pins
 Sampling rate given by 12C-bus speed

e 4 analog inputs programmable as single-ended or
differential inputs

e Auto-incremented channel selection

e Analog voltage range from Vss to Vpp

e On-chip track and hold circuit

o 8-bit successive approximation A/D conversion

3 GENERAL DESCRIPTION

B

IRIE

BUS|

The PCF8591 is a single-chip, single-supply low power
8-bit CMOS data acquisition device with four analog

inputs, one analog output and a serial 12C-bus interface.

bidirectional 12C-bus.

e Multiplying DAC with one analog output.

2 APPLICATIONS

TV applications.

Closed loop control systems
Low power converter for remote data acquisition
Battery operated equipment

Three address pins A0, A1 and A2 are used for
programming the hardware address, allowing the use of
up to eight devices connected to the I2C-bus without
additional hardware. Address, control and data to and from
the device are transferred serially via the two-line

The functions of the device include analog input
multiplexing, on-chip track and hold function, 8-bit
analog-to-digital conversion and an 8-bit digital-to-analog
conversion. The maximum conversion rate is given by the

Acquisition of analog values in automotive, audio and

4 ORDERING INFORMATION

maximum speed of the 12C-bus.

TYPE PACKAGE
NUMBER NAME DESCRIPTION VERSION
PCA8591P DIP16 plastic dual in-line package; 16 leads (300 mil); long body SOT38-1
PCA8591T SO16 plastic small outline package; 16 leads; body width 7.5 mm SOT1621

1998 Jul 02
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A0 —P
Al —P
A2 —p

i*c Bus
INTERFACE

STATUS
REGISTER

DAC DATA ADC DATA
REGISTER REGISTER

EXT

Voo —¥]
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Philips Semiconductors

Product specification

8-bit A/D and D/A converter PCF8591

6 PINNING
SYMBOL | PIN DESCRIPTION
AINO 1
AIN1 2 analog inputs

A/D converte
AIN2 3| nverter) oG U %] Voo
AIN3 4 }
A0 5 AIN1 [z E AOUT
A1 6 hardware address ANz 3 | E VREF
A2 7 AIN3 E 13] AGND
Vss 8 negative supply voltage o E N _’_ﬂ EXT
SDA 9 12C-bus data input/output

: A1 |6 11| osc

SCL 10 | I2C-bus clock input
0SsC 11 | oscillator input/output A2 {7 10] sct
EXT 12 | external/internal switch for oscillator Vss E z] SDA

input

7Z80959.1

AGND 13 analog ground
VREF 14 voltage reference input
AOUT 15 analog output (D/A converter) Fig.2 Pinning diagram.
Vpp 16 positive supply voltage

1998 Jul 02



Philips Semiconductors

Product specification

8-bit A/D and D/A converter

PCF8591

7 FUNCTIONAL DESCRIPTION
7.1 Addressing

Each PCF8591 device in an 12C-bus system is activated by
sending a valid address to the device. The address
consists of a fixed part and a programmable part.

The programmable part must be set according to the
address pins A0, A1 and A2. The address always has to
be sent as the first byte after the start condition in the
12C-bus protocol. The last bit of the address byte is the
read/write-bit which sets the direction of the following data
transfer (see Figs 3, 15 and 16).

MSB LSB
1]o0|o0o]1]|A2|Aar]|A0|R/W

fixed part programmable part
Fig.3 Address byte.

—

7280960

1998 Jul, 02

7.2  Control byte

The second byte sent to a PCF8591 device will be stored
in its control register and is required to control the device
function.

The upper nibble of the control register is used for enabling
the analog output, and for programming the analog inputs
as single-ended or differential inputs. The lower nibble
selects one of the analog input channels defined by the
upper nibble (see Fig.4). If the auto-increment flag is set
the channel number is incremented automatically after
each A/D conversion.

If the auto-increment mode is desired in applications
where the internal oscillator is used, the analog output
enable flag in the control byte (bit 6) should be set. This
allows the internal oscillator to run continuously, thereby
preventing conversion errors resulting from oscillator
start-up delay. The analog output enable flag may be reset
at other times to reduce quiescent power consumption.

The selection of a non-existing input channel results in the
highest available channel number being allocated.
Therefore, if the auto-increment flag is set, the next
selected channel will be always channel 0. The most
significant bits of both nibbles are reserved for future
functions and have to be set to 0. After a Power-on reset
condition all bits of the control register are reset to 0.

The D/A converter and the oscillator are disabled for power
saving. The analog output is switched to a high-impedance
state.
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Product specification

8-bit A/D and D/A converter

PCF8591

MSB

LSB

X X X

CONTROL BYTE

I_i A/D CHANNEL NUMBER:

00 channel 0
01 channel 1
10 channel 2

1 channel 3

; AUTOINCREMENT FLAG:
(switched on if 1)

- ANALOGUE INPUT PROGRAMMING:

00 Four single ended inputs
AINO channel 0
AIN1 channel 1
AIN2 channel 2
AIN3 channel 3
01 Three differential inputs
AINO
channel 0
AIN1 —
channel 1
AIN2 >
JI: channel 2
AIN3
10 Single ended and differential mixed
AINO channel 0
AIN1 channel 1
AIN2 -
channel 2
AIN3 >~
11 Two differential inputs
AINO —p
channel 0
ANt —>
AIN2 —>
>——— channel 1
AIN3 ——1>
ANALOGUE OUTPUT ENABLE FLAG:
(analogue output active if 1) 7280961

Fig.4 Control byte.
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7.3

The third byte sent to a PCF8591 device is stored in the
DAC data register and is converted to the corresponding
analog voltage using the on-chip D/A converter. This D/A
converter consists of a resistor divider chain connected to
the external reference voltage with 256 taps and selection
switches. The tap-decoder switches one of these taps to
the DAC output line (see Fig.5).

D/A conversion

The analog output voltage is buffered by an auto-zeroed
unity gain amplifier. This buffer amplifier may be switched
on or off by setting the analog output enable flag of the
control register. In the active state the output voltage is
held until a further data byte is sent.

The on-chip D/A converter is also used for successive
approximation A/D conversion. In order to release the
DAC for an A/D conversion cycle the unity gain amplifier is
equipped with a track and hold circuit. This circuit holds the
output voltage while executing the A/D conversion.

The output voltage supplied to the analog output AOUT is
given by the formula shown in Fig.6. The waveforms of a
D/A conversion sequence are shown in Fig.7.

VREF —— DAC OUT
R256
R255 FE
1 1 1
1 | !
I 1 1
¢——— D7
R3 l¢—— D6
TAP |
DECODER :
A2 02
l4+— DO
N 01
AGND
a0
7280962
Fig.5 DAC resistor divider chain.

1998, Jul 02
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MSB

LSB

7280963

D7 | D6 | D5 | D4 D3|D2} D1

Do

DAC data
register

VaouT = VagND *

VRErF ~VAGND & . i
T R Z Dix 2

i=0

-~

00 01 02 03 04

FE FF HEX CODE

Fig.6 DAC data and DC conversion characteristics.

PROTOCOL

S ADDRESS 0| A CONTROL BYTE A

DATA BYTE 1 A DATA BYTE 2 A

| l
RV R e LU 6 - S N B

Vaout
—————————————— PREVIOUS VALUE VALUE OF
HELD IN DAC DATA BYTE 1
HIGH IMPEDANCE STATE OR REGISTER
PREVIOUS VALUE HELD IN DAC REGISTER
7280964 time
Fig.7 DI/A conversion sequence.
1998 Jul 02 9
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7.4  AID conversion

The A/D converter makes use of the successive
approximation conversion technique. The on-chip D/A
converter and a high-gain comparator are used
temporarily during an A/D conversion cycle.

An A/D conversion cycle is always started after sending a
valid read mode address to a PCF8591 device. The A/D
conversion cycle is triggered at the trailing edge of the
acknowledge clock pulse and is executed while
transmitting the result of the previous conversion (see
Fig.8).

Once a conversion cycle is triggered an input voltage
sample of the selected channel is stored on the chip andis
converted to the corresponding 8-bit binary code. Samples
picked up from differential inputs are converted to an 8-bit
two’s complement code (see Figs 9 and 10).

The conversion result is stored in the ADC data register
and awaits transmission. If the auto-increment flag is set
the next channel is selected.

The first byte transmitted in a read cycle contains the
conversion result code of the previous read cycle. After a
Power-on reset condition the first byte read is a
hexadecimal 80. The protocol of an I2C-bus read cycle is
shown in Chapter 8, Figs 15 and 16.

The maximum A/D conversion rate is given by the actual
speed of the 12C-bus.

PROTOCOL | S ADDRESS WA DATA BYTE O

A DATA BYTE 1 A DATA BYTE 2 A

o\ YNEF \ DI ME o L\ [

L SAMPLING

7280965
SAMPLING SAMPLING

BYTE 1 BYTE 2 BYTE 3
CONVERSION CONVERSION CONVERSION
OF BYTE 1 OF BYTE 2 OF BYTE 3

; l,i i [ 3 4
TRANSMISSION TRANSMISSION l : TRANSMISSION ;
OF PREVIOUSLY OF BYTE 1 OF BYTE 2

CONVERTED BYTE

Fig.8 A/D conversion sequence.

1998 Jul 02
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HEX
CODE

7280966

FF +

FE+
Vise =

03 +

_ VRer — VagND

w

256

02 +

1
T

Il 1
254 255

Vain — VAGND

VisB

Fig.9 A/D conversion characteristics of single-ended inputs.

HEX
CODE 7280967
774 [
ZE-T 74
: ,’,
[} s
02+ 7Z
=
01+
L
: , . 00 . ; H
~128 —127 --- =2 -1/ O A 2 06 HRT L W i
e s T
74‘ TFE
’ ]
e ] _ Veer ~ VagnD
Vise = 256
<+ 81
:/ -*LBO

Fig.10 A/D conversion characteristics of differential inputs.

1998, Jul 02
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7.5 Reference voltage

For the D/A and A/D conversion either a stable external
voltage reference or the supply voltage has to be applied
to the resistor divider chain (pins Vrer and AGND).

The AGND pin has to be connected to the system analog
ground and may have a DC off-set with reference to Vss.

A low frequency may be applied to the Vrer and AGND
pins. This allows the use of the D/A converter as a
one-quadrant multiplier; see Chapter 15 and Fig.6.

The A/D converter may also be used as a one or two
quadrant analog divider. The analog input voltage is
divided by the reference voltage. The resultis converted to
a binary code. In this application the user has to keep the
reference voltage stable during the conversion cycle.

1998 Jul 02 12

7.6 Oscillator

An on-chip oscillator generates the clock signal required
for the A/D conversion cycle and for refreshing the
auto-zeroed buffer amplifier. When using this oscillator the
EXT pin has to be connected to Vss. At the OSC pin the
oscillator frequency is available.

If the EXT pin is connected to Vpp the oscillator output
OSC is switched to a high-impedance state allowing the
user to feed an external clock signal to OSC.



Philips Semiconductors Product specification

8-bit A/D and D/A converter PCF8591

8 CHARACTERISTICS OF THE 12C-BUS

The I12C-bus is for bidirectional, two-line communication between different ICs or modules. The two lines are a serial data
line (SDA) and a serial clock line (SCL). Both lines must be connected to a positive supply via a pull-up resistor. Data
transfer may be initiated only when the bus is not busy.

8.1 Bit transfer

One data bit is transferred during each clock pulse. The data on the SDA line must remain stable during the HIGH period
of the clock pulse as changes in the data line at this time will be interpreted as a control signal.

/4l E X \

I
|
|
|
|
|
|

| |

| data line | change |
| stable; | ofdata |
| data valid | allowed | MBCE21

Fig.11 Bit transfer.

8.2  Start and stop conditions

Both data and clock lines remain HIGH when the bus is not busy. A HIGH-to-LOW transition of the data line, while the
clock is HIGH, is defined as the start condition (S). A LOW-to-HIGH transition of the data line while the clock is HIGH, is
defined as the stop condition (P).

| |
S | |
SCL | | \ / \ / |l |l SCL
RS P

[ | =

START condition STOP condition
MBC622

Fig.12 Definition of START and STOP condition.

1998 Jul 02 13
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8-bit A/D and D/A converter PCF8591

8.3 System configuration

A device generating a message is a ‘transmitter’, a device receiving a message is the ‘receiver’. The device that controls
the message is the ‘master’ and the devices which are controlled by the master are the ‘slaves’.

SDA
scL
MASTER SLAVE MASTER
TRANSMITTER / RESC':-Q&%R TRANSMITTER / TRA"@SSJEF;ER TRANSMITTER /
RECEIVER RECEIVER RECEIVER

MBAG605

Fig.13 System configuration.

8.4 Acknowledge

The number of data bytes transferred between the start and stop conditions from transmitter to receiver is not limited.
Each data byte of eight bits is followed by one acknowledge bit. The acknowledge bit is a HIGH level put on the bus by
the transmitter whereas the master also generates an extra acknowledge related clock pulse. A slave receiver which is
addressed must generate an acknowledge after the reception of each byte. Also a master must generate an
acknowledge after the reception of each byte that has been clocked out of the slave transmitter. The device that
acknowledges has to pull down the SDA line during the acknowledge clock pulse, so that the SDA line is stable LOW
during the HIGH period of the acknowledge related clock pulse. A master receiver must signal an end of data to the
transmitter by not generating an acknowledge on the last byte that has been clocked out of the slave. In this event the
transmitter must leave the data line HIGH to enable the master to generate a stop condition.

DATA OUTPUT | X "
BY TRANSMITTER N/ =

not acknowledge
LY

|

hiles

e

DATA OUTPUT .
Jii

il

BY RECEIVER \ /
acknowledge
SCL FROM
MASTER | 1 2 - M—
Lf_] clock pzlse for
START
condition acknowledgement

MBC602

Fig.14 Acknowledgement on the 12C-bus.

1998 Jul 02 14
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8.5

After a start condition a valid hardware address has to be sent to a PCF8591 device. The read/write bit defines the
direction of the following single or multiple byte data transfer. For the format and the timing of the start condition (S), the
stop condition (P) and the acknowledge bit (A) refer to the 12C-bus characteristics. In the write mode a data transfer is
terminated by sending either a stop condition or the start condition of the next data transfer.

12C-bus protocol

Acknowledge
from PCF8581

Acknowledge
trom PCF8591

Acknowledge
from PCF8591

T =k
S ADDRESS 0 A CONTROL BYTE A DATA BYTE A PS
1 g
N=0toM
DATA BYTES 7280968

Fig.15 Bus protocol for write mode, D/A conversion.

Acknowledge

Acknowledge

No acknowledge

from PCF8591

from master

S ADDRESS 1 A DATA BYTE LAST DATA BYTE i P
7280969
N=0toM
DATA BYTES

Fig.16 Bus protocol for read mode, A/D conversion.

1998 Jul 02 15



Philips Semiconductors

Product specification

8-bit A/D and D/A converter PCF8591

9 LIMITING VALUES

In accordance with the Absolute Maximum Rating System (IEC 134).

SYMBOL PARAMETER MIN. MAX. UNIT

Vpp supply voltage (pin 16) -0.5 +8.0 \Y

V) input voltage (any input) -0.5 Vpp + 0.5 \Y%

Iy DC input current - +10 mA

lo DC output current . 120 mA

Ipp, Iss Vpp or Vgs current & +50 mA

Piot total power dissipation per package = 300 mwW

Po power dissipation per output - 100 mW
Tamb operating ambient temperature —40 +85 °C

Tstg storage temperature —65 +150 °C
10 HANDLING

Inputs and outputs are protected against electrostatic discharge in normal handling. However, to be totally safe, it is
desirable to take precautions appropriate to handling MOS devices. Advice can be found in Data Handbook IC12 under
“Handling MOS Devices”.

1998, Jul 02
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Philips Semiconductors Product specification
8-bit A/D and D/A converter PCF8591
11 DC CHARACTERISTICS
Vpp =25V 106 V; Vss=0V; Tamp = —40 °C to +85 °C unless otherwise specified.
SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
Supply
Vpp supply voltage (operating) 25 - 6.0 \%
lop supply current
standby V| = Vgg or Vpp; no load - 1 15 uA
operating, AOUT off fscL = 100 kHz - 125 250 HA
operating, AOUT active fscL = 100 kHz = 0.45 1.0 mA
VpPor Power-on reset level note 1 0.8 - 2.0 \%
Digital inputs/output: SCL, SDA, A0, A1, A2
Vi LOW level input voltage 0 - 0.3xVpp |V
ViH HIGH level input voltage 0.7 %xVpp |- Vpb \%
I leakage current
A0, A1, A2 V| = Vss to Vpp -250 - +250 nA
SCL, SDA V,=Vsgs to Vpbp -1 = +1 ],LA
Ci input capacitance - - 5 pF
loL LOW level SDA output current | Vo =0.4 V 3.0 - - mA
Reference voltage inputs
VRer reference voltage VRer > Vacnp; note 2 Vss+ 1.6 |— Voo \Y
VAGND analog ground voltage VRrer > Vagnp; note 2 Vss - Vpp —0.8|V
It input leakage current -250 - +250 nA
RRer input resistance pins Vreg and AGND - 100 - kQ
Oscillator: OSC, EXT
I input leakage current 4 = 250 nA
fosc oscillator frequency 0.75 — 1.25 MHz
Notes

1. The power on reset circuit resets the 12C-bus logic when Vpp is less than Vpor.

2. A further extension of the range is possible, if the following conditions are fulfilled:

\ +V Vv +
REF AGND REF
5 20.8V, Vpp - 2200

1998 Jul 02
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Philips Semiconductors

Product specification

8-bit A/D and D/A converter

PCF8591

12 DI/IA CHARACTERISTICS
Vpp = 5.0 V; Vgs =0 V; Vrer = 5.0 V; Vagnp = 0V; RL = 10 kQ; C, =100 pF; Tamp = —40 °C to +85 °C unless otherwise

specified.
SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
Analog output
Voa output voltage no resistive load Vss - Vbbp \%
RL =10 kQ Vss - 0.9x Vpp |V
Lo output leakage current AOUT disabled = = 250 nA
Accuracy
0Se offset error Tamp =25 °C - - 50 mV
Le linearity error = — +1.5 LSB
Ge gain error no resistive load - - 1 %
tbac settling time to ', LSB full scale step = - 90 us
foac conversion rate - - 1.1 kHz
SNRR supply noise rejection ratio | f =100 Hz; - 40 - dB
Vpon = 0.1 x Vpp

13 A/D CHARACTERISTICS
Vpp = 5.0 V; Vss = 0V; Vrer = 5.0 V; Vagnp = 0 V; Rs = 10 k; Tamp = —40 °C to +85 °C unless otherwise specified.

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT

Analog inputs

Via analog input voltage Vss & Vop \

ILia analog input leakage current = - 100 nA

Cia analog input capacitance - 10 - pF

Cp differential input capacitance - 10 - pF

Vis single-ended voltage measuring range VAGND - VREr \Y

Vip differential voltage measuring range; Y, - +Vig \V]
Ves = VRer ~ VaenD > 5

Accuracy

0S, offset error Tamp =25 °C - - 20 mV

Le linearity error = - +1.5 LSB

Ge gain error e = 1 %

GS, small-signal gain error AV;= 16 LSB - N 5 %

CMRR common-mode rejection = 60 dB

ratio

SNRR supply noise rejection ratio | f= 100 Hz; - 40 - dB
VDDN =0.1x Vpp

tanc conversion time = = 90 us

fanc sampling/conversion rate - — 1.1 kHz

1998 Jul 02
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Philips Semiconductors Product specification

8-bit A/D and D/A converter PCF8591
200 7294726 160 7294727
oo o
(uA) (uA)
150 /Z 120
_ 2
-40°
100 /'/ - 7 ’7//
il / //\( i
+279C
50 40 ///
0 0
2 3 4 5 6 2 3 4 6
Vpp (V) Vpp (V)
(a) Internal oscillator; Tamp = +27 °C. (b) External oscillator.

Fig.17 Operating supply current as a function of supply voltage (analog output disabled).

7294728
i 500 = 500 7294729
<] c
. P
g
g 400 § 400
a Q
£ £
3 -
g 300 ?} 300
] 3 /
- s '
\ 3 v
200 200 5
/
100
\\ 100
| ]
—‘\L\ ————
Y 0
0o 02 s a6 e inoit s 98 BO CO DO  EO FO FF
P hex input code
(a) Output impedance near negative power rail; Tamp = +27 °C; (b) Output impedance near positive power rail; Tamp = +27 °C.

The x-axis represents the hex input-code equivalent of the output voltage.

Fig.18 Output impedance of analog output buffer (near power rails).
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Philips Semiconductors Product specification

8-bit A/D and D/A converter PCF8591

14 AC CHARACTERISTICS
All timing values are valid within the operating supply voltage and ambient temperature range and reference to V)L and

V4 with an input voltage swing of Vgs to Vpp.

SYMBOL PARAMETER MIN. TYP. MAX. UNIT

12C-bus timing (see Fig.19; note 1)

fscL SCL clock frequency - - 100 kHz
tsp tolerable spike width on bus & — 100 ns
teur bus free time 47 = L s
tsu:sTA START condition set-up time 47 - - us
tHD:sTA START condition hold time 4.0 = = us
tLow SCL LOW time 4.7 5 = us
tHIGH SCL HIGH time 4.0 - - us
tr SCL and SDA rise time - B 1.0 us
t SCL and SDA fall time - = 0.3 us
tsu:paT data set-up time 250 - - ns
tHD:DAT data hold time 0 — - ns
tvp.DAT SCL LOW-to-data out valid - - 3.4 us
tsu:sTo STOP condition set-up time 4.0 - - us
Note

1. A detailed description of the 12C-bus specification, with applications, is given in brochure “The 2C-bus and how to
use it”. This brochure may be ordered using the code 9398 393 40011.

START BIT 7 BIT 6 BITO | ACKNOWLEDGE STOP
PROTOCOL CONDITION MSB (A6) LSB (A) CONDITION
(S) (A7) (RW) (P)
tsu;sTA tiow tHIGH £
q - SCL—
scL /
/
g Yt
'BUF (= r ts
i /
SDA
\
tHD;STA 'SUDAT  'uD;DAT tvD;DAT T tsu;sTo
Fig.19 12C-bus timing diagram; rise and fall times refer to V) and V.
1998 Jul 02 20
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BURR - BROWN®

OPAG627
OPAG637

Precision High-Speed
Difet® OPERATIONAL AMPLIFIERS

FEATURES

® VERY LOW NOISE: 4.5nV/\Hz at 10kHz

@ FAST SETTLING TIME:
OPA627—550ns to 0.01%
OPA637—450ns to 0.01%

® LOW Vg 100V max

@® LOW DRIFT: 0.8uV/°C max

® LOW Ig: 5pA max

® OPA627: Unity-Gain Stable

® OPAG637: Stable in Gain =25

DESCRIPTION

The OPA627 and OPA637 Difet operational amplifi-
ers provide a new level of performance in a precision
FET op amp. When compared to the popular OPA111
op amp, the OPA627/637 has lower noise, lower offset
voltage, and much higher speed. It is useful in a broad
range of precision and high speed analog circuitry.

The OPA627/637 is fabricated on a high-speed, dielec-
trically-isolated complementary NPN/PNP process. It
operates over a wide range of power supply voltage—
+4.5V to +18V. Laser-trimmed Difet input circuitry
provides high accuracy and low-noise performance
comparable with the best bipolar-input op amps.

—

APPLICATIONS

©® PRECISION INSTRUMENTATION

® FAST DATA ACQUISITION

® DAC OUTPUT AMPLIFIER

® OPTOELECTRONICS

@ SONAR, ULTRASOUND

@ HIGH-IMPEDANCE SENSOR AMPS

@ HIGH-PERFORMANCE AUDIO CIRCUITRY

@® ACTIVE FILTERS

High frequency complementary transistors allow in-
creased circuit bandwidth, attaining dynamic perform-
ance not possible with previous precision FET op
amps. The OPA627 is unity-gain stable. The OPA637
is stable in gains equal to or greater than five.

Difet fabrication achieves extremely low input bias
currents without compromising input voltage noise
performance. Low input bias current is maintained
over a wide input common-mode voltage range with
unique cascode circuitry.

The OPA627/637 is available in plastic DIP, SOIC
and metal TO-99 packages. Industrial and military
temperature range models are available.

—O 7
+Vg

Tn-n;wic
AT

+In

Difet®, Burr-Brown Corp. C

Vg
oo 4
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SPECIFICATIONS

ELECTRICAL

At T, = +25°C, and Vg = 15V, unless otherwise noted.

OPA627BM, BP, SM
OPA637BM, BP, SM

OPAG627AM, AP, AU
OPA637AM, AP, AU

PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
OFFSET VOLTAGE (!

Input Offset Voltage 40 100 130 250 uv
AP, BP, AU Grades 100 250 280 500 uv
Average Drift 0.4 0.8 1.2 2 pviee

AP, BP, AU Grades 0.8 2 2.5 uvree
Power Supply Rejection Vg = #4.5 to 18V 106 120 100 116 dB
INPUT BIAS CURRENT @

Input Bias Current Veu = 0V 1 5 2 10 pPA

Over Specified Temperature Ve =0V 1 2 nA

SM Grade Veu = OV 50 nA

Over Common-Mode Voltage Ven = 210V 1 2 pA
Input Offset Current Vey = 0V 0.5 5 1 10 pA

Over Specified Temperature Vey = 0V 1 2 nA

SM Grade 50 nA
NOISE
Input Voltage Noise
Noise Density: f = 10Hz 15 40 20 nV/ANHz
f = 100Hz 8 20 10 nVAHz
f= 1kHz 5.2 8 5.6 nViHz
f = 10kHz 45 6 4.8 nVAHz

Voltage Noise, BW = 0.1Hz to 10Hz 0.6 1.6 0.8 uVp-p
Input Bias Current Noise

Noise Density, f = 100Hz 1.6 25 2.5 fANHZ

Current Noise, BW = 0.1Hz to 10Hz 30 60 48 fAp-p
INPUT IMPEDANCE
Differential 10718 r Q|| pF
Common-Mode o e i Q|| pF
INPUT VOLTAGE RANGE
Common-Mode Input Range +13 +11.5 - L \%

Over Specified Temperature +10.5 =) * i Vv
Common-Mode Rejection Vew = £10.5V 106 116 100 110 dB
OPEN-LOOP GAIN
Open-Loop Voltage Gain Vo = £10V, R = 1kQ 112 120 106 116 dB

Over Specified Temperature Vo = £10V, R = 1kQ 106 117 100 110 dB

SM Grade Vg = £10V, R = 1kQ 100 114 dB
FREQUENCY RESPONSE
Slew Rate: OPA627 G = -1, 10V Step 40 55 '\ it Vius
OPA637 G = -4, 10V Step 100 135 % ki Vius
Settling Time: OPA627 0.01% G =-1, 10V Step 550 * ns
0.1% G =-1, 10V Step 450 * ns
OPA637 0.01% G = -4, 10V Step 450 A ns
0.1% G = -4, 10V Step 300 4 ns
Gain-Bandwidth Product: OPA627 G=1 16 7 MHz
OPA637 G=10 80 8 MHz
Total Harmonic Distortion + Noise G =+1,f=1kHz 0.00003 ¥ %
POWER SUPPLY
Specified Operating Voltage +15 ¥ Y
Operating Voltage Range 4.5 +18 % i} \Y
Current 17 7.5 * 2 mA
OUTPUT
Voltage Output R = 1kQ 11.5 +12.3 * x

Over Specified Temperature +11 +11.5 i x \Y%
Current Output Vo =110V +45 i mA
Short-Circuit Current +35 +70/-55 +100 = g % mA
Output Impedance, Open-Loop 1MHz 55 & Q
TEMPERATURE RANGE
Specification: AP, BP, AM, BM, AU -25 +85 ® * °c

S -55 +125 °C
Storage: AM, BM, SM -60 +150 i * °C
AP, BP, AU -40 +125 ¥ i °c
05.a: AM, BM, SM 200 H °C/W
AP, BP 100 * °C/W
AU 160 °CW

* Specifications same as “B” grade.

NOTES: (1) Offset voltage measured fully warmed-up. (2) High-speed test at T, = +25°C. See Typical Performance Curves for warmed-up performance.

The information provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes
no responsibility for the use of this information, and all use of such information shall be entirely at the user’'s own risk. Prices and specifications are subject to change
without notice. No patent rights or licenses to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant
any BURR-BROWN product for use in life support devices and/or systems.

BURR - BROWN®
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PIN CONFIGURATIONS ABSOLUTE MAXIMUM RATINGS("

Top View DIP/SOIC SUPPIY VORAGE. . .covciiicsiiemsvorsnssasssamssmssassonensiansrasssasssssnasanssasss spssssssans +18V

Input Voltage Range .. . +Vg + 2V to Vg - 2V

N Differential Input Range . .Total Vg + 4V

Offset Trim E E No Intemal Connection Power .Dussmanon 1000mwW

Operating Temperature

e E ZI Vg M Package ... . =55°C to +125°C

P, U Package ... .. —40°C to +125°C
+In E E Output Storage Temperature

M Package .... .. —65°C to +150°C

Vs IZ E Offset Trim P, U Package . .. —40°C to +125°C
Junction Temperature

M PacKagei: s i conimiintivi st s sisnsmie +175°C

P, U Package .. +150°C

.. +300°C
.. +260°C

Lead Temperature (soldering, 10s) ..
SOIC (soldering, 3s) ..

NOTE: (1) Stresses above these ratings may cause permanent damage.

. TO-99
Top View No Internal Connection

PACKAGE/ORDERING INFORMATION

PACKAGE DRAWING | TEMPERATURE
PRODUCT PACKAGE NUMBER( RANGE
OPAB27AP Plastic DIP 006 -25°C to +85°C
OPAB27BP Plastic DIP 006 -25°C to +85°C
OPAB27AU solc 182 ~25°C to +85°C
OPAG27AM | T0-99 Metal 001 -25°C to +85°C
OPAB27BM | T0-99 Metal 001 —25°C to +85°C
OPAB27SM | T0-99 Metal 001 -55°C to +125°C
OPAB37AP Plastic DIP 006 -25°C to +85°C
OPAG37BP Plastic DIP 006 —25°C to +85°C
OPAB37AU soIC 182 —25°C to +85°C
OPAG37AM | TO-99 Metal 001 ~25°C to +85°C

Case connected to V. OPAG37BM | TO-99 Metal 001 -25°C to +85°C
OPA637SM | TO-99 Metal 001 -55°C to +125°C

NOTE: (1) For detailed drawing and dimension table, please see end of data
sheet, or Appendix C of Burr-Brown IC Data Book.

ELECTROSTATIC
DISCHARGE SENSITIVITY

This integrated circuit can be damaged by ESD. Burr-Brown
recommends that all integrated circuits be handled with
appropriate precautions. Failure to observe proper handling
and installation procedures can cause damage.

ESD damage can range from subtle performance degrada-
tion to complete device failure. Precision integrated circuits
may be more susceptible to damage because very small
parametric changes could cause the device not to meet its
published specifications.

BURR - BROWN®
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TYPICAL PERFORMANCE CURVES

At T, = +25°C, and Vg = 15V, unless otherwise noted.

INPUT VOLTAGE NOISE SPECTRAL DENSITY
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TYPICAL PERFORMANCE CURVES (CONT)

At T, = +25°C, and Vg = 15V, unless otherwise noted.

OPEN-LOOP GAIN vs TEMPERATURE
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TYPICAL PERFORMANCE CURVES (CoNT)

At T, = +25°C, and Vg = +15V, unless otherwise noted.

SUPPLY CURRENT vs TEMPERATURE OUTPUT CURRENT LIMIT vs TEMPERATURE
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TYPICAL PERFORMANCE CURVES (CONT)

At T, = +25°C, and Vg = 15V, unless otherwise noted.

INPUT BIAS AND OFFSET CURRENT INPUT BIAS CURRENT
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TYPICAL PERFORMANCE CURVES (ConT)

At T, = +25°C, and Vg = +15V, unless otherwise noted.

SETTLING TIME vs ERROR BAND
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APPLICATIONS INFORMATION

The OPA627 is unity-gain stable. The OPA637 may be used
to achieve higher speed and bandwidth in circuits with noise
gain greater than five. Noise gain refers to the closed-loop
gain of a circuit as if the non-inverting op amp input were
being driven. For example, the OPA637 may be used in a
non-inverting amplifier with gain greater than five, or an
inverting amplifier of gain greater than four.

When choosing between the OPA627 or OPA637, it is
important to consider the high frequency noise gain of your
circuit configuration. Circuits with a feedback capacitor
(Figure 1) place the op amp in unity noise-gain at high
frequency. These applications must use the OPA627 for
proper stability. An exception is the circuit in Figure 2,
where a small feedback capacitance is used to compensate
for the input capacitance at the op amp’s inverting input. In
this case, the closed-loop noise gain remains constant with
frequency, so if the closed-loop gain is equal to five or
greater, the OPA637 may be used.

BURR - BROWN®

OPA627, 637

SETTLING TIME vs LOAD CAPACITANCE
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FIGURE 1. Circuits with Noise Gain Less than Five Require
the OPA627 for Proper Stability.



OFFSET VOLTAGE ADJUSTMENT

The OPA627/637 is laser-trimmed for low offset voltage
and drift, so many circuits will not require external adjust-
ment. Figure 3 shows the optional connection of an external
potentiometer to adjust offset voltage. This adjustment should
not be used to compensate for offsets created elsewhere in a
system (such as in later amplification stages or in an A/D
converter) because this could introduce excessive tempera-
ture drift. Generally, the offset drift will change by approxi-
mately 4uV/°C for ImV of change in the offset voltage due
to an offset adjustment (as shown on Figure 3).

C,

C1
il
o [
_L OPA637
R C1=Cin* Csrray
or= R G
. R,

FIGURE 2. Circuits with Noise Gain Equal to or Greater than
Five May Use the OPA637.

NOISE PERFORMANCE

Some bipolar op amps may provide lower voltage noise
performance, but both voltage noise and bias current noise
contribute to the total noise of a system. The OPA627/637
is unique in providing very low voltage noise and very low
current noise. This provides optimum noise performance
over a wide range of sources, including reactive source
impedances. This can be seen in the performance curve
showing the noise of a source resistor combined with the
noise of an OPA627. Above a 2k source resistance, the op

amp contributes little additional noise. Below 1k€2, op amp
noise dominates over the resistor noise, but compares
favorably with precision bipolar op amps.

CIRCUIT LAYOUT

As with any high speed, wide bandwidth circuit, careful
layout will ensure best performance. Make short, direct
interconnections and avoid stray wiring capacitance—espe-
cially at the input pins and feedback circuitry.

The case (TO-99 metal package only) is internally connected
to the negative power supply as it is with most common op
amps. Pin 8 of the plastic DIP, SOIC, and TO-99 packages
has no internal connection.

Power supply connections should be bypassed with good
high frequency capacitors positioned close to the op amp
pins. In most cases 0.1UF ceramic capacitors are adequate.
The OPA627/637 is capable of high output current (in
excess of 45mA). Applications with low impedance loads or
capacitive loads with fast transient signals demand large
currents from the power supplies. Larger bypass capacitors
such as 1QtF solid tantalum capacitors may improve dynamic
performance in these applications.

+VS

10kQ2 to IMQ
Potentiometer
(100k< preferred)

OPA627/637

+10mV Typical

Vg Trim Range

FIGURE 3. Optional Offset Voltage Trim Circuit.

Non-inverting

Board Layout for Input Guarding:
Guard top and bottom of board.
Alternate—use Teflon® standoff for sen-
sitive input pins.

Teflon® E.I. du Pont de Nemours & Co.

Buffer

OPAg627

TO-99 Bottom View

®s
@7

8 No Internal Connection

To Guard Drive

FIGURE 4. Connection of Input Guard for Lowest Ij.
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INPUT BIAS CURRENT

Difet fabrication of the OPA627/637 provides very low
input bias current. Since the gate current of a FET doubles
approximately every 10°C, to achieve lowest input bias
current, the die temperature should be kept as low as pos-
sible. The high speed and therefore higher quiescent current
of the OPA627/637 can lead to higher chip temperature. A
simple press-on heat sink such as the Burr-Brown model
807HS (TO-99 metal package) can reduce chip temperature
by approximately 15°C, lowering the I to one-third its
warmed-up value. The 807HS heat sink can also reduce low-
frequency voltage noise caused by air currents and thermo-
electric effects. See the data sheet on the 807HS for details.

Temperature rise in the plastic DIP and SOIC packages can
be minimized by soldering the device to the circuit board.
Wide copper traces will also help dissipate heat.

The OPA627/637 may also be operated at reduced power
supply voltage to minimize power dissipation and tempera-
ture rise. Using =5V power supplies reduces power dissipa-
tion to one-third of that at +15V. This reduces the I, of TO-
99 metal package devices to approximately one-fourth the
value at £15V.

Leakage currents between printed circuit board traces can
casily exceed the input bias current of the OPA627/637. A
circuit board “guard” pattern (Figure 4) reduces leakage
effects. By surrounding critical high impedance input cir-
cuitry with a low impedance circuit connection at the same
potential, leakage current will flow harmlessly to the low-
impedance node. The case (TO-99 metal package only) is
internally connected to V..

Input bias current may also be degraded by improper han-
dling or cleaning. Contamination from handling parts and
circuit boards may be removed with cleaning solvents and
deionized water. Each rinsing operation should be followed
by a 30-minute bake at 85°C.

Many FET-input op amps exhibit large changes in input
bias current with changes in input voltage. Input stage
cascode circuitry makes the input bias current of the
OPAG627/637 virtually constant with wide common-mode
voltage changes. This is ideal for accurate high input-
impedance buffer applications.

PHASE-REVERSAL PROTECTION

The OPA627/637 has internal phase-reversal protection.
Many FET-input op amps exhibit a phase reversal when the
input is driven beyond its linear common-mode range. This
is most often encountered in non-inverting circuits when the
input is driven below —12V, causing the output to reverse
into the positive rail. The input circuitry of the OPA627/637
does not induce phase reversal with excessive common-
mode voltage, so the output limits into the appropriate rail.

OUTPUT OVERLOAD

When the inputs to the OPA627/637 are overdriven, the
output voltage of the OPA627/637 smoothly limits at ap-
proximately 2.5V from the positive and negative power
supplies. If driven to the negative swing limit, recovery
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takes approximately 500ns. When the output is driven into
the positive limit, recovery takes approximately 6{is. Output
recovery of the OPA627 can be improved using the output
clamp circuit shown in Figure 5. Diodes at the inverting
input prevent degradation of input bias current.

-I»Vs

()
HP 5082-2811

B

Ll

g
)

1KQ§

Diode Bridge
BB: PWS740-3

ZD, : 10V IN961

V, 0—ANN—

O Vo

OPA627 Clamps output
= atVg=£11.5V

FIGURE 5. Clamp Circuit for Improved Overload Recovery.

CAPACITIVE LOADS

As with any high-speed op amp, best dynamic performance
can be achieved by minimizing the capacitive load. Since a
load capacitance presents a decreasing impedance at higher
frequency, a load capacitance which is easily driven by a
slow op amp can cause a high-speed op amp to perform
poorly. See the typical curves showing settling times as a
function of capacitive load. The lower bandwidth of the
OPA627 makes it the better choice for driving large capaci-
tive loads. Figure 6 shows a circuit for driving very large
load capacitance. This circuit’s two-pole response can also
be used to sharply limit system bandwidth. This is often
useful in reducing the noise of systems which do not require
the full bandwidth of the OPA627.

G=+1
BW > 1MHz

e

I 5n?=

For Approximate Butterworth Response:
_2RsC.

Optional Gain ~
Gain > 1

Ce Re >>Ro

1
f e T
8" 21 VRe Ro Cr Cy

FIGURE 6. Driving Large Capacitive Loads.



INPUT PROTECTION

The inputs of the OPA627/637 are protected for voltages
between +V + 2V and -V, — 2V. If the input voltage can
exceed these limits, the amplifier should be protected. The
diode clamps shown in Figure 7a will prevent the input
voltage from exceeding one forward diode voltage drop
beyond the power supplies—well within the safe limits. If
the input source can deliver current in excess of the maxi-
mum forward current of the protection diodes, use a series
resistor, R, to limit the current. Be aware that adding
resistance to the input will increase noise. The 4nVAHz
theoretical thermal noise of a 1kQ resistor will add to the
4.5nV/NHz noise of the OPA627/637 (by the square-root of
the sum of the squares), producing a total noise of 6nVAHz.
Resistors below 100Q add negligible noise.

Leakage current in the protection diodes can increase the
total input bias current of the circuit. The specified maxi-
mum leakage current for commonly used diodes such as the
IN4148 is approximately 25nA-—more than a thousand
times larger than the input bias current of the OPA627/637.
Leakage current of these diodes is typically much lower and
may be adequate in many applications. Light falling on the
junction of the protection diodes can dramatically increase
leakage current, so common glass-packaged diodes should
be shielded from ambient light. Very low leakage can be
achieved by using a diode-connected FET as shown. The
2N4117A is specified at IpA and its metal case shields the
junction from light.

Sometimes input protection is required on I/V converters of
inverting amplifiers (Figure 7b). Although in normal opera-
tion, the voltage at the summing junction will be near zero
(equal to the offset voltage of the amplifier), large input
transients may cause this node to exceed 2V beyond the
power supplies. In this case, the summing junction should
be protected with diode clamps connected to ground. Even
with the low voltage present at the summing junction,
common signal diodes may have excessive leakage current.
Since the reverse voltage on these diodes is clamped, a
diode-connected signal transistor can be used as an inexpen-
sive low leakage diode (Figure 7b).

+Vs
D Vo
> OPA627
1 D: IN4148 — 25nA Leakage
Optional Rg % 2N4117A — 1pA Leakage
Vg — Siliconix
—b—s -
(a)
IIN
—_—
o
i 4 Vo
o® b OPA627
JIL D: 2N3904
(b)
NC

FIGURE 7. Input Protection Circuits.

LARGE SIGNAL RESPONSE

observed in higher-gain circuits.

When used as a unity-gain buffer, large common-mode input voltage steps G=1
produce transient variations in input-stage currents. This causes the rising b o
edge to be slower and falling edges to be faster than nominal slew rates

SMALL SIGNAL RESPONSE

OPA627

FIGURE 8. OPA627 Dynamic Performance, G = +1.
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LARGE SIGNAL RESPONSE

s s
= =
2 =
= =3
6pF(M
When driven with a very fast input step (left), common-mode gOTE;(:))nog:znf:'g;alrléeI:m
transients cause a slight variation in input stage currents which oe{aznd e c:’ = ';nce ;
will reduce output slew rate. If the input step slew rate is reduced thue inve:in yin pt by
(right), output slew rate will increase slightly. g input.
-1
OPA627
FIGURE 9. OPA627 Dynamic Performance, G = —1.
OPAB37 OPAB37
LARGE SIGNAL RESPONSE SMALL SIGNAL RESPONSE
+100
< =
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< (E) =11"1g
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-100
4pF()
2kQ
G=5
—0O
o— V
OPA637 s
500Q
NOTE: (1) Optimum value will depend on circuit
— board layout and capacitance at inverting input.

FIGURE 10. OPA637 Dynamic Response, G = 5.
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R 2kQ

WA W

& OPA627 OPA637
= R, Rj 2kQ 500Q
HP- Cr 6pF 4pF
5082- — 2kQ Error Band +0.5mV +0.2mV
2835 —e— M (0.01%)
+15V
i : R
High Quality NOTE: C; is selected for best settling time performance
Pulse Generator depending on test fixture layout. Once optimum value is
51Q determined, a fixed capacitor may be used.

-15V

Gain =100
CMRR ~ 116dB
-Ino Bandwidth = 1MHz

Input Common-Mode

|
|
i
Range = +5V '[ INA105
| Differential Output
|
1
1
I
l
I

Amplifier AW W

+In O

Differential Voltage Gain = 1 + 2R¢/Rg

FIGURE 12. High Speed Instrumentation Amplifier, Gain = 100.

Gain = 1000
OPA637 CMRR = 116dB
Bandwidth =~ 400kHz

A i
5! 10kQ 100kQ 15
Input Common-Mode 1 A% 4 A"A%Y% J|
Range = 10V : INA106 :
: Differential | Output
| Amplifier '6
31
T %A% 4 :
. 10kQ i
: 100k :

+In O

Differential Voltage Gain = (1 + 2R:/Rg) = 10

FIGURE 13. High Speed Instrumentation Amplifier, Gain = 1000.

This composite amplifier uses the OPA603 current-feedback op amp to
provide extended bandwidth and slew rate at high closed-loop gain. The
feedback loop is closed around the composite amp, preserving the
precision input characteristics of the OPA627/637. Use separate power
supply bypass capacitors for each op amp.

*Minimize capacitance at this node.

VO
R, 2 1500 GAIN A R, R, Ry R, -3dB SLEW RATE
o1V Oub (VIV}  OPAMP  (Q) (kQ) (@) (kQ) (MHz) (vius)
100 OPAB27 5050 499 20 1 15 700
— 1000  OPA637 499 499 12 1 11 500

NOTE: (1) Closest 1/2% value.

FIGURE 14. Composite Amplifier for Wide Bandwidth.
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