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This project presents a design system conversation, audio signal transmission via the optical
fiber by using a light source and photo diode, which no occur radio and microwave to disturb system
high safety such as refinery petroleum or gas station and test fiber optical. The transmitter side signal
will be converting to optical signal and feed into optical fiber. The receiving side the arriving optical

signal will be converted to audio signal.
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151 =IX +IBZ
I,, =500uAd
Ig =3.5mA
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Philips Semiconductors RF Communicaﬁons Products Product specification

Video amplifier NE592

DESCRIPTION PIN CONFIGURATIONS
The NE592 is a monolithic, two-stage, differential output, wideband D, N Packages
video amplifier. It offers fixed gains of 100 and 400 without external VAR
components and adjustable gains from 400 to 0 with one external weut2 |1 114} NPUT
resistor. The input stage has been designed so that with the addition 2 P
of a few external reactive elements between the gain select Ne ‘: j ne
terminals, the circuit can function as a high-pass, ‘0W‘D6$“S, or ) ' GZB GAIN SELECT E ' E' Gpa GAIN SELECT
band-pass filter. This feature makes the circuit ideal for use as a
video or pulse amplifier in communications, magnetic memories, G4B GAIN SELECT [_T_ \\/ E G1A GAIN SELECT
display, video recorder systems, and floppy disk head ampiifiers. V- E 10] ve
Now available in an 8-pin version with fixed gain of 400 without
external components and adjustable gain from 400 to O with one NC E z} NC
external resistor. OUTPUT 2 E — ] 3 OUTPUT 1
TOP VIEW

FEATURES
¢ 120MHz unity gain bandwidth

D, N Packages

® Adjustable gains from O to 400

INPUT 2 nTﬂ INPUT 1
Gp GAINSELECT [ 2] v G4 GAIN SELECT

@ Adjustable pass band

® No frequency compensation required v- [3] 6] v

® Wave shaping with minimal extemnal components ourput2 [4] 5] ourPuT1

& MIL-STD processing available TOPVIEW
APPLICATIONS

® Floppy disk head amplifier

® Video amplifier

@ Pylse amplifier in communications
© Magnetic memory

® Video recorder systems

BLOCK DIAGRAM
. - . . -~ 4V
R1 ; R2 %Ra %Rw RO J
- < < <
' Qs
) Ma
e
os a3
'\ﬁ—j RH
b AAA- o OUTPUT1
INPUT 2
INPUT 1 Qt Q2 AN
. ol . ) . R12 O OUTPUT2
R3 RS
G2A G28
ars Qs ! Qs ate
QA ~ 3 | 2l " an
R7A < R7B R15 R16 R13 Ri4
o o o ® 4—0 v
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Philipé Semiconductors RF Communications Products Product specification

Video ampilifier NES92
ORDERING INFORMATION
DESCRIPTION TEMPERATURE RANGE ORDER CODE DWG #
14-Pin Plastic Dual In-Line Package (DIP) 0to +70°C NE592N 14 04058
14-Pin Small Outline (SO) package 0to +70°C NE592D 14 0175D
} 8-Pin Plastic Dual In-Line Package (DIP) 0to +70°C .. NE5S92N8 0404B.
8-Pin Small Outiine (SO) package 0to +70°C NE592D8 0174C
NOTES:

N8, N14, D8 and D14 package paris also available in “High” gain version by adding “H” before
package designation, i.e., NES92HDB

ABSOLUTE MAXIMUM RATINGS

Ta=+25°C, unless otherwise specified.

SYMBOL PARAMETER RATING UNIT
Vee Supply voltage +8 \
Vin ' Differential input voltage +5 v
Vem Common-mode input voltage +6 \Y
lout Output current 10 mA
Ta Opefating ambient temperature range 0to +70 °C _
Tste Storage temperature range -65 to +150 °C
Pp MAX Maximum power dissipation,
Ta=25°C (still air)?
D-14 package 0.98 w
D-8 package 0.79 w
N-14 package 144 w
N-8 package 1.17 w
NOTES:
1. Derate above 25°C at the following rates:
D-14 package at 7.8mW/°C

D-8 package at 6.3mW/°C
N-14 package at 11.5mW/°C
N-8 package at 9.3mW/°C
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Philips Semiconductors RF Communications Products

Product specification

Video amplifier

NE592

DC ELECTRICAL CHARACTERISTICS

TA=+25°C Vgs=16V, Vem=0, unless otherwise specified. Recommended operating supply voltages Vg=16.0V. All specifications apply to both

standard and high gain parts unless noted differently.

SYMBOL PARAMETER TEST CONDITIONS - NESS2 UNIT
Min Typ Max
Avor ‘Differential voltage gain, B o o o
standard part
Gain 11 R =2kQ, Vout=3Vp.p 250 400 600 VIV
Gain 22.4 80 100 120 VN
Rin Input resistance
Gain 11 40 kQ
Gain 22,4 10 30 kQ
Cin Input capacitance? Gain 24 2.0 pF
los Input offset current 04 5.0 pA
Igias input bias current 9.0 30 HA
VNOISE input noise voltage BW 1kHz to 10MHz 12 UVrms
ViN Input voltage range +1.0 \'
CMRR Common-mode rejection ratio
Gain 24 Vemt1V, f<100kHz 60 86 dB
Gain 24 VepEtV, f=5MHz 60 dB
PSRR Supply voltage rejection ratio
Gain 24 AVg=10.5V 50 70 dB
Vos Output offset voltage
Gain 1 Rp=ee 15 A"
Gain 24 Rp=e 15 A
Gain 33 Ry = 0.35 0.75 V-
Vem Output common-mode voltage Rj =eo 24 29 34 \
VouTt Output voltage swing R1=2kQ 3.0 4.0 \
differential
Rout Output resistance 20 Q
Ice Power supply current Ry =eo 18 24 mA
NOTES:
1. Gain select Pins G4 and Gyg connected together.
2. Gain select Pins Goa and Gyp connected together.
3. All gain select pins open.
4. Applies to 14-pin version only.
April 15, 1992 252




Philips Semiconductors RF Communications Products Product specification

Video amplifier NES92

DC ELECTRICAL CHARACTERISTICS
DC Electrical CharacteristicsVgg=+6V, Vem=0, 0°C <Ta<70°C, unless otherwise specified. Recommended operating supply voltages Vg=16.0V.
All specifications apply to both standard and high gain parts unless noted differently.

SYMBOL PARAMETER ) TEST CONDITIONS - NEs92 UNIT
Min Typ Max
AvoL " | Differential voltage gain, o ) ) o
standard part

Gain 1} R =2kQ, Voyt=3Vpe_p 250 600 vV

Gain 224 80 120 VIV
Rin Input resistance '

Gain 22.4 8.0 kQ
los Input offset current 6.0 HA
IBias input bias current 40 HA
Vin Input voltage range +1.0 \Y
CMRR Common-mode rejection ratio

Gain 24 VemEtV, f<100kHZ 50 4 dB
PSRR Supply voltage rejection ratio

Gain 24 AVg=10.5V 50 dB

Output offset voltage
Vos Gain 2+ R e v
Gain 3% 1.0
Vout Qutput voltage swing differential R =2kQ 238 \Y
Icc Power supply current R =c 27 mA
NOTES:

. Gain select Pins G5 and G4p connected together.

. Gain select Pins G, and G,g connected together.

. All gain select pins open. -
. Applies to 14-pin versions only.

BN -

AC ELECTRICAL CHARACTERISTICS
Ta=+25°C Vgg=+6V, Vcu=0, unless otherwise specified. Recommended operating supply voltages Vs=16.0V. All specifications apply to both
standard and high gain parts unless noted differently.

SYMBOL PARAMETER TEST CONDITIONS NE/SA592 UNIT
Min Typ Max
Bandwidth
BW Gain 1? 40 . MHz
Gain 22,4 90 MHz
Rise time
R Gain 1} Vour=1Vpp 10.5 12 ns
Gain 22.4 45 ns
Propagation delay
tpp Gain 1° © Vour=1Vep 75 10 ns
Gain 22.4 6.0 ns
NOTES:

1. Gain select Pins Gy and Gp connected together.
2. Gain select Pins G4 and Gpg connected together.

3. All gain select pins open.

4. Applies to 14-pin versions only.
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Product specification

Video amplifier

NE592

TYPICAL PERFORMANCE CHARACTERISTICS
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Video amplifier

NES92

TYPICAL PERFORMANCE CHARACTERISTICS (Continued)
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PHASE SHIFT - DEGREES
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NES92

TYPICAL APPLICATIONS
+6
2ra o
14
O-
Vi
NOTE: 1
Vols) 14 - 104 ©
V&) T ZE) + 2
_ 4 - 10t &
T usy + 32 £

AMPLITUDE:

FREQUENCY: 14 MHz

110 mV pp

|
|

|

|

|

|

1

z
L
1

|

|

|

+6
Basic Configuration o 8.2uF
"
14
o 10 2KQ
8
V4 592 4 Vg
o 1 7 02pF
5
4
c
__| ‘._ y 2KQ
5
NOTE: —

For frequency Fy << 1/2n(32) C

4 . dvi
Vg = 14 x 10%C 57
READ HEAD DIFFERENTIATOR/AMPLIFIER ZERO CROSSING DETECTOR
Differentiation with High
Disc/Tape Phase-Modulated Readback Sy Common-Mode Noise Rejection
FILTER NETWORKS
FILTER Vg (s) TRANSFER
Z NETWORK
TYPE A V4 {s) FUNCTION
R L 1.4 x 104 1
o—amn—ITT—0 _ LOWPASS L - |[s+RL
- R c 1.4 x 104 S
o—a———A—0 HIGH PASS R s+ 1/RC
R L [
14 x 104 s
o—wWA—— MM l——o BAND PASS L 2+ Rs 1 10
L
R ) . 1.4 x 104 s2 + 1/1C
BAND REJECT R s2 + 1/LC + s/RC
c

NOTES:

S=jn
© =2nf

in the networks above, the R value used is assumed to include 2rg, or approximately 32

April 15, 1992
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Product specification

NE/SE564

DESCRIPTION PIN CONFIGURATIONS
The NE/SE564 is a versatile, high guaranteed frequency
phase-locked loop designed for operation up to 50MHz. As shown D, N Packages
in the Block Diagram, the NE/SE564 consists of a VCO, limiter, o "
phase comparator, and post detection processor. v+ L1_ 1_6_} TTL QUTPUT
i —1
‘ ] LOOP GAIN CONTROL | 2. 15| HYSTERESIS SET
FEATURES INPUT TO PHASE COMP = —
® Operation with single 5V supply FROM VCO L° E ANALOG OUT
@ TTL-compatible inputs and outputs LOOP FILTER E E FREQ. SET CAP
® Guaranteed operation to 50MHz LOGP FILTER E 13,; FREQ. SET CAP
© External loop gain control FM/RF INPUT E 11| VCO OUT2
© Reduced carrier feedthrough BIAS FILTER E E v+
® No elaborate filtering needed in FSK applications GND i? :’; VCO OUT TTL
— —
@ Can be used as a modulator
® Variable loop gain (extemally controlled) TOP VIEW
: SRO1025
APPLICATIONS Figure 1. Pin Configuration
@ High speed modems .
@ Signal generators
® SK receivers and transmitters X _
@ Various satcom/TV systems
® Frequency Synthesizers . A
® pin configuration
ORDERING INFORMATION
DESCRIPTION TEMPERATURE RANGE ORDER CODE DWG #
16-Pin Plastic Small Outline (SO) Package 0to +70°C NES64D SOT109-1
16-Pin Plastic Dual In-Line Package (DIP}) 0o +70°C NES564N SOT38-4
16-Pin Plastic Dual in-Line Package (DIP) -5510 +125°C SE564N S0OT384
BLOCK BIAGRAM
Vi
———— ——— O —— — —O— ——————— 1
T f "
|
PHASE ]
COMPARATOR |
& |
3 |
T 1 d
|
vCco POST DETECTION '
PROCESSOR O s |
I
— ey e e ]
= SR01026

Figure 2. Block Diagram

1994 Aug 31 1
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Philips Semiconductors Product specification
Phase-locked loop NE/SE564
ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNITS
V+ Supply voitage
. Pin1 . 14 v
Pin 10 <] V
fouTt Sink Max (Pin 9) and sourcing (Pin 11) Co 11 “mA-
Isilas Bias current adjust pin (sinking) ' 1 mA
Pp Power dissipation 600 mW
Operating ambient temperature
Ta NE 0to+70 °C
SE -55t0 +125 °c
TstG Storage temperature range -65 to +150 °c
NOTE:
Operation above 5V will require heatsinking of the case.
DC AND AC ELECTRICAL CHARACTERISTICS
Ve =5V, Ta = 010 25°C; fp = 5MHz, I = 400pA; unless otherwise specified.
LIMITS LIMITS
SYMBOL PARAMETER TEST CONDITIONS SES564 NES64 UNITS
' MiN | TYP [ MAX | MIN | TYP | MAX
Maximum VCO frequency C4 =0 (stray) 50 65 45 60 MHz
Input > 200mVgus
Ta=25C 40 70 40 70
Ta=125C 20 30
Lock range Tp =-55C 50 80 % of fo
Ta=0°C 70
To=70C 40
Capture range Input > 200mVgus, R = 27Q 20 30 20 30 % of fg
fo = SMHz, .
Ta=-55Clo+125C 500 | 1500
T Ta=0t0+70C
:/CQ freguency drift with =010 +70°C 600 PPM/OC
emperatire fo=5MHz, 300 | 800
Ta=-55Ct0+125C 500
To=0t0+70C
. Cq=91pF
VCO free-running frequency Re = 100Q “Internal’ 4 5 6 35 5 6.5 MHz
VCO frequency change with - o
supply voltage Voo =45Vio 5.5V 3 8 3 8 % of fo
Modulation frequency: 1kHz
fo = S5MHz, input deviation:
mEe | v | 2 m ||
ol =2< mvgms
Demodulated oufput voltage 1%T=0C 16 ?é MVRys
1%T=-55C 6 10 8 mVRMs
1%T =70 9 15 mVRMs
1%T=125¢C 12 16 mVRrus
Distortion Deviation: 1% to 8% 1 1 %
-8S/IN ° | Signal-to-noise ratio Std. condition, 1% to 10% dev. 40 - 40 dB
AM rejection Std. condition, 30% AM 35 35 dB
Modulation frequency: 1kHz
Demodulated output at oper- | fo = 5MHz, input deviation: 1% mVgms
ating voltage Veg =45V 7 12 7 12 mVRms
Ve =55V 8 14 8 14
lcc Supply current Ve =5V i, lp 45 60 45 60 mA
Qutput . X
wqn Voyt = 5V, Pins 16, 9 1 20 1 20 pA
e output feakage current lout = 2mA, Pins 16, 9 03 | os 03 | 08 Y,
p 9 loyTt = 6mA, Pins 16, 9 04 0.8 04 0.8 \Y
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Philips Semiconductors Product specification

Phase-locked loop NE/SE564

TYPICAL PERFORMANCE CHARACTERISTICS

Lock Range vs Signal Input
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8
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IpiN .= 40g,A . .
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s 5 110 2 —
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=2 w
g 3 N\ &
o o 105 N z
o 101 FREQUENCY: 50MHz £ N o 1% Bias CURRENT: — 2005A
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2 100 _— g 100 2 105
N o098 // \\ a ~ & \/’__\
3 N M~~~ 100 y:
ERT r \\ g 095 z v \ F\K
x N H S 095 FREQUENCY: 500MHz ~]
Z g.97 g = BIAS CURRENT: — 200pA
0.99 6.90
0.96 :
—600pA 400 200 o +200 _600pA —400 200 O 4200 +400 50 -25 25 0 25 50 75 100 125
BIAS CURENT (uA), PIN 2 BIAS CURENT (nA), PIN 2 TEMPERATURE (IN°C)
SR01027

Figure 3. Typical Performance Characteristics
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Phase-locked loop
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TYPICAL PERFORMANCE CHARACTERISTICS (Continued)

Vp — PHASE COMPARATOR'S
OUTPUT VOLTAGE IN mV
200
L VCO FREQUENCY
IBlAS = 200pA 1IN MHz
600 IBIAS = 400uA
Igias = 0pA 1.6 IBIAS = 800:A
IBIAS = 800uA
#  IBIAS = 00uA
400
o = 1.0MHz
200
49 60 160 200 400 600 00
VpiIN mV
0 — PHASE
-200 ERROR IN 8
DEGREES
6
-490
—600
-800
Variation of the Comparator’s Qutput Voltage VCO Output Frequency as a Function of
vs Phase Error and Bias Current (Kp) fnput Voltage and Bias Current (Kg)
SR01028
Figure 4. Typical Performance Characteristics (cont.)
TEST CIRCUIT
+5v O
R3 § § 1K
RT
vco
51 OUYPUT
c3 F
INPUT ] 1 5 1 15 9 P I
1 3 == == DEMODULATED
0.1uF 1K
ﬁ 7 14 OUTPUT
= 0.4
c2 se4 13 T
4 ‘*—_j =
430pF c1
RrR2
rLzl l____/\/v\,_ 5 12! —T
== 430pF 8
1
SR01029
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Phase-locked loop

NE/SE564

FUNCTIONAL DESCRIPTION
(Figure 6)

The NE564 is a monolithic phase-locked loop with a post detection
processor. The use of Schotiky clamped transistors and optimized
device geometries extends the frequency of operation to greater
than 50MHz. C

in addition to the classical PLL applications, the NE564 can be used
as a modulator with a controllable frequency deviation.

The output of the PLL can be written as shown in the following
equation:

_ (fin-fo)
Vo= Kveo )

Kycg = conversion gain of the VCO
fin = frequency of the input signal
fo = free-running frequency of the VCO

The process of recovering FSK signals involves the conversion of
the PLL output into logic compatible signals. For high data rates, a
considerable amount of carrier will be present at the output of the
PLL due to the wideband nature of the loop filter. To avoid the use
of complicated filters, a comparator with hysteresis or Schmitt trigger
is required. With the conversion gain of the VCO fixed, the output
voltage as given by Equation 1 varies according to the frequency
deviation of fyy from fg. Since this differs from system to system, it
is necessary that the hysteresis of the Schmitt trigger be capable of
being changed, so that it can be optimized for a particular system.
This is accomplished in the 564 by varying the voltage at Pin 15
which results in a change of the hysteresis of the Schmitt trigger.

For FSK signals, an important factor to be considered is the drift in
the free-running frequency of the VCO itself. if this changes due to
temperature, according to Equation 1 it will lead to a change in the
DC levels of the PLL output, and consequently to errors in the digital
output signal. This is especially true for narrowband signals where
the deviation in fyy itself may be less than the change in fg due to
temperature. This effect can be eliminated if the DC or average
value of the signal is retrieved and used as the reference to the
comparator. In this manner, variations in the DC levels of the PLL
output do not affect the FSK output.

VCO Section

Due to its inherent high-frequency performance, an emitter-coupled
oscillator is used in the VCO. in the circuit, shown in the equivalent
schematic, transistors Q21 and Q23 with current sources Q25 - Q26
form the basic oscillator. The approximate free-running frequency of
the oscillator is shown in the following equation:

o= HRG T @
Rg = Ryg = Rgp = 100Q (INTERNAL)
C4 = extemal frequency setting capacitor
Cg = stray capacitance

Variation of V {phase detector output voltage) changes the
frequency of the oscillator. As indicated by Equation 2, the
frequency of the oscillator has a negative temperature coefficient
due to the monolithic resistor. To compensate for this, a current I
with negative temperature coefficient is introduced to achieve a iow
frequency drift with temperature.
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Phase Comparator Section

The phase detection processor consists of a doubled-balanced
modulator with a limiter amplifier to improve AM rejection.
Schottky-clamped vertical PNPs are used to obtain TTL level inputs.
The loop gain can be varied by changing the current in Q4 and Q15
which effectively changes the gain of the differential amplifiers. This
can be accomplished by introducing a current at Pin' 2. o

Post Detection Processor Section

The post detection processor consists of a unity gain
transconductance amplifier and comparator. The amplifier can be
used as a DC retriever for demodulation of FSK signals, and as a
post detection filter for linear FM demodulation. The comparator has
adjustable hysteresis so that phase jitter in the output signal can be
eliminated.

As shown in the equivalent schematic, the DC retriever is formed by
the transconductance amplifier Qg - Q43 together with an external
capacitor which is connected af the amplifier output (Pin 14). This
forms an integrator whose output voltage is shown in the following
equation:

VO = %hg V[th (3)

am = transconductance of the amplifier
C, = capacitor at the output (Pin 14)
Vi = signat voltage at amplifier input

With proper selection of C,, the integrator time constant can be
varied so that the output voltage is the DC or average value of the
input signal for use in FSK, or as a post detection filter in linear
demodulation.

The comparator with hysteresis is made up of Qqg - Q50 With
positive feedback being provided by Q47 - Q4g. The hysteresis is
varied by changing the current in Qg with a resulting variation in the
icop gain of the comparator. This method of hysteresis control,
which is a DC control, provides symmetric variation around the
nominal value.

Design Formula

The free-running frequency of the VCO is shown by the following
equation: .

fo= m (4)
Rg = 100Q

C1 = external cap in farads

Cg = stray capacitance

The loop filter diagram shown is explained by the following equation:

1 .
fs = T:STR_C—:; (First Order) (5)

R = Ry2 = Ry3 = 1.3kQ {Internal)*

By adding capacitors to Pins 4 and 5, a pole is added to the loop
transfer at

1 NOTE:
@= ""RC, *Refer to Figure 6.
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Phase-locked loop

EQUIVALENT SCHEMATIC
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Figure 6. Equivalent Schematic
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Figure 7. FM Demoduiator at 5V
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APPLICATIONS

FM Demodutator

The NE564 can be used as an FM demodulator. The connections
for operation at 5V and 12V are shown in Figures 7 and 8,
respectively. The input signal is AC coupled with the output signal
being exiracted at Pin 14. Loop filtering is provided by the -
capacitors at Pins 4 and 5 with additional filtering being provided by
the capacitor at Pin 14. Since the conversion gain of the VCO is not
very high, to obtain sufficient demodulated output signat the
frequency deviation in the input signal should be 1% or higher.”

Modulation Techniques

The NE564 phase-locked loop can be modulated at either the loop
filter ports {Pins 4 and 5) or the input port (Pin 6) as shown in Figure
9. The approximate modulation frequency can be determined from
the frequency conversion gain curve shown in Figure 10. This curve
will be appropriate for signals injected into Pins 4 and 5 as shown in
Figure 9.

o
!
l I; LOCK RANGE ADJUSTMENT
0.01uF
|
2

°© ¢ o &L _
] ! = LOOP FILTER
[ | 0.015F
FMINPUT  O4TWF 1 "oe .
fg =5MHz o—} 6 5 =
fiyg = TkHz E 1 ANALOG OUT
el 7 154—o0 1kHz
L
BIAS — 1uF 564 [ °
o POST
FITER  —o 13 . 14 i+ BeTecTion
0.1yF = FILTER
o1 1
13
10 —9

80pF

ISR s
|
T

. fo = 5SMHz
oWF - . FREQUENCY SET CAP
| = -
= 200 % 1k
6—— 6o
12v SRO1032
Figure 8. FM Demodulator at 12V
FSK Demodulation

The 564 PLL is particularly attractive for FSK demodulation since it
contains an internal voltage comparator and VCO which have TTL
compatible inputs and outputs, and it can operate from a single 5V
power supply. Demodulated DC voltages associated with the mark
and space frequencies are recovered with a single external
capacitor in a DC retriever without utilizing extensive filtering
networks. An internal comparator, acting as a Schmitt trigger with
an adjustable hysteresis, shapes the demodulated voltages into
compatible TTL output levels. The high-frequency design of the 564
enables it to demodulate FSK at high data rates in excess of 1.0M
baud.

Figure 10 shows a high-frequency FSK decoder designed for input
frequency deviations of +1.0MHz centered around a free-running
frequency of 10.8MHz. the value of the timing capacitance required
was estimated from Figure 8 to be approximately 40pF. A trimmer
capacitor was added to fine tune fy’ 10.8MHz.
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Figure 8. Modulator

The lock range graph indicates that the +1.0MHz frequency
deviations will be within the lock range for input signal levels greater
than approximately 50mV with zero Pin 2 bias current. {While
strictly this figure is appropriate only for 50MHz, it can be used as a
guide for fock range estimates at other fg’ frequencies).

The hysteresis was adjusted experimentaily via the 10kQ
potentiometer and 2kQ bias arrangement to give the waveshape
shown in Figure 12 for 20k, 500k, 2M baud rates with square wave
FSK modulation. Note the magnitude and phase relationships of the
phase comparators’ output voltages with respect to each other and
to the FSK output. The high-frequency sum components of the input
and VCO frequency aiso are viable as noise on the phase
comparator’s outputs.

OQUTLINE OF SETUP PROCEDURE

1. Determine operating frequency of the VCO: [F+ N in feedback
loop, then
fo=Nx fin-

2. Calculate value of the VCO frequency set capacitor:

1
2200 To

3. Set I (current sinking into Pin 2) for = 100pA. After operation is
obtained, this value may be adjusted for best dynamic behavior,

Vee — 1.3V

By

4. Check VCO output frequency with digital counter at Pin 9 of
device (loop open, VCO to ¢ det.). Adjust Cg trim or frequency
adj. Pins 4 - 5 for exact center frequency, if needed.

5. Close loop and inject input signal to Pin 6. Monitor Pins 3 and 6

with two-channel scope. Lock should ocour with Ad3 _ g equal to
90° (phase error).

Co=

and replace with fixed resistor value of Ry =
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6. If pulsed burst or ramp frequency is used for input signal, special 50% in duty cycle, DC offsets will occur in the loop whichi tend to
loop filter design may be required in place of simple single create an artificial or biased VCO.
capacitor filter on Pins 4 and 5. (See PLL application section)

7. The input signal to Pin 6 and the VCO feedback signal to Pin 3
must have a duty cycle of 50% for proper operation of the phase
detector. Due to the nature of a balanced mixer if signals are not

8. For multiplier circuits where phase jitter is a problem, loop filter
capacitors may be increased to a value of 10 - 50uF on Pins 4,

5. Also, careful supply decoupling may be necessary. This
includes the counter chain Vg lines.

BIAS 0.22uF 0.22uF
ADJ H i
+5v o ¢ pa he i H
——naa— 310k T 7T -
. i i 4+ 10k 34 o1
i HYSTERESIS FSK
- T OUTPUT
2k
1 19 15 16
FSK o bl i
|
INPUT f &
0.4pF 31k
14—
it 7 I10pF/8V
b s NE564 =
y 5100
’JJOT:' £ rise time ; +5Y O 9 12 ' £-20pF
se Rg._11 only if rise time is critical. =
5100 . 33pp_i' T
—t 11 13
300pF -
4 sb—
= L——1s =
300pF
SRO1034

Figure 10. 10.8MHz FSK Decoder Using the 564
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c. Data Rate = 2.0m Baud

T
Sous I
pra e 100mV 100mVv 2*‘5'
=
Jrm—
v av
a. Data Rate = 20k Baud b. Data Rate = 500k Baud
| I I
100mV 100mVY 500ns
#4 & o
L w,
gy e —
NOTES:
1. Top trace = Pin 4
2. Center trace =Pin 5
3. Bottom trace = Pin 16
Fa's

SRO1035

Figure 11. Phase Comparator (Pins 4 and 5) and FSK (Pin 16} Outputs

*NOTE:
Use Rg.-11 only i rise time is critical.
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Figure 12. NE564 Phase-Locked Frequency Multiplier




LF353 Wide Bandwidth Dual

_General Description ,

These devices are low cost, high speed, dual JFET input
operational amplifiers with an intemally trimmed input offset
voltage (BI-FET ™ technology). They require low supply
current yet maintain a large gain bandwidth product and fast
slew rate. In addition, well matched high voltage JFET input
devices provide very low input bias and offset currents. The
LF353 is pin compatible with the standard LM1558 aliowing
designers to immediately upgrade the overall performance
of existing LM1558 and LM358 designs.

These amplifiers may be used in applications such as high
speed integrators, fast D/A converters, sample and hold
circuits and many other circuits requiring low input offset
voltage, low input bias current, high input impedance, high
slew rate and wide bandwidth. The devices also exhibit low
noise and offset voltage drift.

&National Semiconductor

JFET Input Operational Amplifier

February 1995
Features
= Intemally trimmed offset voltage 10 mv
m Low input bias current S50pA
® Low input noise voltage 25 nV/WHz
& Low input noise current 0.01 pA/Hz
B Wide gain bandwidth 4 MHz
® High slew rate 13 V/ps
u Low supply current 3.6 mA
= High input impedance 10120
® Low total harmonic distortion Ay=10, <0.02%

RL= 10k, Vo=20Vp—p, BW=20 Hz-20 kHz

» Low 1/f noise comer 50 Hz
= Fast settling time to 0.01% 2 ps

Typical Connection

Simplified Schematic

1/2 Dual

Veo O-

INTERNALLY

IRTERNALLY TRIMMED

TRIMAME!

-¥ee O 3 —9-

BIFET N is 2 of National i [

Connection Diagrams

Metal Can Package (Top View)

UTPUT B

3

e IRVERTING
d WPUT B
KORINVERTING

NON4NVERTING
IRPUT A& °
v

INPUT B
Order Number LF353H
See NS Package Number HOSA

Dual-In-Line Package (Top View)

uTreT R~ U LI
2 2
IRVERTING INPUT A — - outPUTSE
JAREAN
won 3§ = H i~ s
NPT A {WPuT
-2 1 S __ NONANVEATING
WPUT B

Order Number LF353M or LF353N
See NS Package Number MOSA or NOSE

TL/H/5648-1

©1995 National Semiconductor Corporation TL/H/S5649

RAD-B30M115/Printed in U. 8. A.
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Absolute Maximum Ratings

if Military/Aerospace specified devices are required, Lead Temp. (Soldering, 10 sec.) 260°C
please contact the National Semiconductor Sales Soldering Information
Office/Distributors for availability and specifications. Duakin-Line Package
Supply Voltage +18V Soldering {10 sec.) 260°C
Power Dissipation {Note 1) 3“"/3" Ou:';‘ne P?g(l)(age , c
. apor Phase {60 sec., 215°
?p;ratmg Temperature Range 0°Cto -: ';g:ﬁ Infrared (15 sec.) 220°C
{( AX) i See AN-450 “Surface Mounting Methods and Their Effect
Ditferential Input Vottage 30V on Product Reliability” for other methods of soldering sur-
Input Voltage Range (Note 2) +15V face mount devices: - : :
Cutput Short Circuit Duration Continuous ESD Tolerance (Note 7) 1700V
Storage Temperature Range —-65°Cto +150°C 844 M Package TBD
DC Electrical Characteristics (ot
Symbol Parameter Conditions LF353 Units
Min Typ Max
Vos Input Offset Voitage Rg=10k(, To=25C 5 10 mV
Over Temperature 13 mV
AVQs/AT Average TC of Input Offset Voltage Rg=10kQ 10 pv/rec
los input Offset Current Tj=25°C, (Notes 4, 5) 25 100 pA
Tj<70°C 4 nA
g Input Bias Current T;=25°C, (Notes 4,5) 50 200 pA
Tj=70°C 8 nA
RiN Input Resistance Tj=25C 1012 h [¢)
AvoL Large Signal Voltage Gain Vg= +£15V, Tp=25C 25 100 V/mv
Vo= 110V, R =2k
Over Temperature 15 VimV
Vo Output Voltage Swing Vg=+15V, R =10kQ +12 +13.5 \%
Voum input Common-Mode Voltage 4 " +15 v
Range Vs=$15V " —12 v
CMRR Common-Mode Rejection Ratio Rg< 10k 70 100 dB
PSRR Supply Voitage Rejection Ratio (Note 6) 70 100 dB
Is Supply Current 36 6.5 mA
AC Electrical Characteristics (ote 4)
Symbol Parameter Conditions LF353 — Units
Min Typ Max
Ampilifier to Amplifier Coupling Ta=25°C,f=1Hz~20kHz
—120 dB
(input Referred) .
SR Slew Rate Vg= 115V, Tp=25°C 8.0 13 V/ps
GBwW Gain Bandwidth Product Vg= £15V, Tpo=25°C 27 4 MHz
en Equivalent Input Noise Voltage Ta=25°C, Rg=1009, e
2 1000 Hz 16 nV/yHz
in Equivalent Input Noise Gurrent Tj=25°C, f=1000 Hz 0.01 pA/Hz
Note 1: For operating at , the device must be derated based on a thermal resistance of 115°C/W fyp junction to forthe N

and 158°G/W typ junction to ambient for the H package.
Note 2: Unless otherwise specified the absolute maximum negative input voltage is equal to the negative power supply voitage.-
Note 3: The power dissipation limit, however, cannot be exceeded

Note 4: These specifications apply for Vg= +15V and 0°C< To< +70°C. Vg, Ig and igs are measured at Vou=0.

Note 5: The input bias curvents are junction leakag which approxi doubte for every 10°C i inthe j p e, T;. Due to the fimited
praduction test time, the input bias currents d are co d fo junction D . In normal op the junction P rises ahove the ambient
temperature as a result of intemal power dissipation, Pp. T;=Ta+8j4 Pp where 8 is the thermal resistance from junction to ambient. Use of a heat sink is
recommended if input bias current is to be kept to a minimum.

Note 6: Supply voitage rejection ratio is measured for both supply magnitudes increasing or decreasing simuitaneously in accordance with common practice.
Vg = t6Vto £15V. )

Note 7: Human body model, 1.5 k2 in series with 100 pF.




Typical Performance Characteristics
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Typical Performance Characteristics (Continued)

Distortion vs Frequency
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Pulse Response
Small Signaling Inverting

OUTPUT.VOLTAGE SWING {50 mV/DIV)

TIME (0.2 ps/DiV)

TL/H/5649-4

Large Signal Inverting

OUTPUT VOLTAGE SWING (5V/DIV) .

TiME (2 us/DiV)

TL/H/5649-6

Small Signal Non-lnverting

OUTPUT VOLTAGE SWING {50 mV/DIV)

TIME (0.2 us/0IV)
TL/H/5649-5

Large Signal Non-Inverting

OUTPUT VOLTAGE SWING {5V/DIV)

TIME {2 p</BIV)

TL/H/5649-7
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Application Hints

These devices are op amps with an intemnally trimmed input
offset voltage and JFET input devices (BI-FET Il). These
JFETs have large reverse breakdown voitages from gate to
source and drain eliminating the need for clamps across the
inputs. Therefore, large differential input voltages can easily
be accommodated without a large increase in input current.
The maximum differential input voltage is independent of
the supply voltages. However, neither of the input voltages
should be allowed to exceed the negative supply as this will
cause large currents to flow which can result in a destroyed
unit.

TL/H/S649-8

Exceeding the negative common-mode limit on either input
will force the output to a high state, potentially causing a
reversal of phase io the output. Exceeding the negative
common-mode limit on both inputs will force the amplifier
output to a high state. In neither case does a latch occur
since raising the input back within the common-mode range
again puts the input stage and thus the amplifier in a normal
operating mode.




Application Hints (continued)

Exceeding the positive common-mode limit on a single input
will not change the phase of the output; however, if both
inputs exceed the limit, the output of the amplifier wili be
forced to a high state.

The amplifiers will operate with a common-mode input volt-
age equal to the positive supply; however, the gain band-
width and slew rate may be decreased in this condition.
When the negative common-mode voltage swings to within
3V of the negative supply, an increase in input offset voliage
may occur. o :
Each amplifier is individually biased by a zener reference
which allows normal circuit operation on £6V power sup-
plies. Supply voltages less than these may resuit in lower
gain bandwidth and slew rate.

The ampilifiers will drive a 2 k2 load resistance to 10V
over the full temperature range of 0°C to -+70°C. if the am-
plifier is forced to drive heavier load currents, however, an
increase in input offset voltage may occur on the negative
voltage swing and finally reach an active current limit on
both positive and negative swings.

Precautions should be taken to ensure that the power sup-
ply for the integrated circuit never becomes reversed in po-
larity or that the unit is not inadvertently installed backwards

Detailed Schematic

in a socket as an unlimited current surge through the resuit-
ing forward diode within the IC could cause fusing of the
internal conductors and result in a destroyed unit.

As with most amplifiers, care should be taken with lead
dress, component placement and supply decoupling in or-
der to ensure stability. For example, resistors from the out-
put to an input should be placed with the body close to the
input to minimize “pick-up” and maximize the frequency of
the feedback pole by minimizing the capacitance from the
input to ground: i

A teedback pole is created when the feedback around any
amplifier is resistive. The parallel resistance and capaci-
tance from the input of the device (usually the inverting in-
put) to AC ground set the frequency of the pole. in many
instances the frequency of this pole is much greater than
the expected 3 dB frequency of the closed loop gain and
consequently there is negligible effect on stability margin.
However, if the feedback pole is less than approximately 6
times the expected 3 dB frequency a lead capacitor should
be placed from the output to the input of the op amp. The
value of the added capacitor should be such that the RC
time constant of this capacitor and the resistance it paraliels
is greater than or equal to the original feedback pole time
constant.

Yee O : 4
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Typical Applications

Three-Band Active Tone Control
BOOST - €UT

0.05

% MIB-RANGE
mﬂk

BASS

GAIN (dB)
[ + o+ o+
r3bedsnl

&

FREQUENCY (H2)

Note 1: All controfs flat.

Note 2: Bass and treble boost, mid flat.
Note 3: Bass and treble cut, mid flat.
Note 4 Mid boost, bass and treble flat.
Note 5: Mid cut, bass and treble flat.

« All potentiometers are linear taper
e Use the LF347 Quad for stereo applications

3.6k
‘ Av‘v‘r
t l ln 922
1.8k 500k 1.8k
L AAA e AAN ]
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Typical Applications (continued)
Iimproved CMRR Instrumentation Amplifier

—y—yF

o—-ill]ls}jr-allm-o;
U-‘lllll—0

:
:

a
L

&

SEPARATE

2R2
Ay = (_ 1) E2
Rt R4
/77 and == are separate isolated grounds

Matching of R2's, R4’s and R5's control CMARR
With AVT = 1400, resistor matching = 0.01%: CMRR = 136 dB

& Very high input impedance
® Super high CMRR

Fourth Order Low Pass Butterworth Filter

L]
Stk

VKO—AAA—

® Corner§ {t) =
v RiR2cC1 Rl‘Rz'CC‘l

Passband gain {Hg) = {1 + R4/R3} {1 + R4/RI}

First stage Q= 1.31

Second stage Q = 0.541

Circuit shown yses nearest 5% tolerance resistor values for a filter with a corner frequency of 100 Hz and a passband gain of 100 .
Offset nulling necessary for accurate DC performance

* 0 0 ¢ e

TL/H/5649-11




Typical Applications (continued)
Fourth Order High Pass Butterworth Filter

P 4
';

<

< 3

c
8.601

1 1 1 1
* Comer frequency () =\/mimacz " 20 ~ VRIRZCZ 27
 Passband gain (Ho=(1+R4/R3} (1+R4'/R3")
* First stage Q = 1.31
« Second stage Q = 0.541
« Circuit shown uses closest 5% tolerance resistor values for a filter with a comer frequency of 1 kHz and a passband gain of 10.

Ohms to Volits Converter

<>
IR gk

TL/H/5649-13

v
Vg = ———— X By
By anper

Where Ry anoer Is the resistance from switch $1 pole fo pin 7 of the LF353.




Physical Dimensions inches (millimeters)
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o —0.354)_\{<
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Metal Can Package (H)
Order Number LF353H
NS Package Number HO8A
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[4.800—5.008)
| 8 1 1] 5
T BAAA
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_8.010 gax
———) 0254
+
teapnp.’ Y2 3 4 ;_f
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L/, 1 B 5= : # SEATING
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= . A
8.003-0.010 - e 08 £.014 —0.628
mmomy M g - wsem
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LF353 Wide Bandwidth Dual JFET Input Operational Amplifier

Physical Dimensions inches millimeters) (Continued)

0.373 0,480
{9.4714—16.15)
0.090
™ l “{2.285)
oesz 8 (7] {51 [§] 0.032£0.005
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: Drizi is] &
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NOM 0.01810.003
08325 tgig:: | {0457 £0.878)
- (“55+1.ms) | 0.100£0.010
255 _g 381 (254026 258)
0.64540.015
{114320.383) 0.050
a {1.529)
5098 e :
“'278) NOSE {REV £t
Molded Dual-In-Line Package
Order Number LF353N
NS Package NOSE

LIFE SUPPORT POLICY
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DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL
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Description

The HFBR-0400 Series of
components is designed to
provide cost effective, high
performance fiber optic
communication links for
information systems and
industrial applications with link
distances of up to 2.7
kilometers. With the HFBR-24x6,
the 125 MHz analog receiver,
data rates of up to 160
megabaud are attainable.

Transmitters and receivers are
directly compatible with popular
“industry-standard” connectors:
ST®, SMA, SC and FC. They are
completely specified with
multiple fiber sizes; including
50/125 um, 62.5/125 um, 100/
140 um, and 200 gm.

The HFBR-14x4 high power
transmitter and HFBR-24x6 125
MHz receiver pair up to provide
a duplex solution optimized for
100 Base-SX. 100Base-SX isa
Fast Ethernet Standard (100
Mbps) at 850 nm on multimode
fiber.

Complete evaluation kits are
available for ST product
offerings; including transmitter,
receiver, connectored cable, and
technical literature. In addition,
ST connectored cables are
available for evaluation.

ST® s a registered trademark of AT&T.

HCS® is a registered trademark of the SpecTran Corporation.

Agilent HFBR-0400, HFBR-14xx and
HFBR-24xx Series Low Cost, Miniature
Fiber Optic Components with ST®,
SMA, SC and FC Ports

Data Sheet

Applications

100Base-SX Fast Ethernet on 850
am

Media/fiber conversion, switches,
routers, hubs and NICs on
160Base-SX

Local Area Networks

Computer to Peripheral Links
Computer Monitor Links

Digital Cross Connect Links
Central Office Switch/PBX Links
Video Links

Modems and Multiplexers
Suitable for Tempest Systems
Industrial Control Links

Features

Meets IEEE 802.3 Ethernet and
802.5 Token Ring Standards
Meets TIA/EIA-785 100Base-SX
standard

Low Cost Transmitters and
Receivers

Choice of ST®, SMA, SC or FC
Ports

820 nm Wavelength Technology
Signal Rates up to 160 MBd
Link Distances up to 2.7 km
Specified with 50/125 pm, 62.5/
125 pm, 100/140 pm, and 200 pm
HCS® Fiber

Repeatable ST Connections within
0.2 dB Typical

Unique Optical Port Design for
Efficient Coupling
Auto-Insertable and Wave
Solderahle

No Board Mounting Hardware
Required

Wide Operating Temperature
Range -40 °C to +85 °C

AlGaAs Emitters 100% Burn-In
Ensures High Reliability
Conductive Port Option

Agilent Technologies



HFBR-0460 Series Part Number Guide

-x453
1 Transmitter HFBR-x4xxaa T Threaded port option
2 Receiver c Conductive port receiver option
M Metal port option
4 820 nm Transmitter and Receiver
products ) S 2 TX, stadnard power
4 TX, high power
0 SMA, housed
2 RX, 5 MBd, TTL output
1 ST, housed
5 TX, high light output power
2 FC, housed
6 RX, 125 MHz, Analog Output
E SC, housed
Available Options
HFBR-1462 HFBR-1414 HFBR-1412TM HFBR-2412TC HFBR-2412T HFBR-24167C
HFBR-1404 HFBR-1414M HFBR-14E4 HFBR-2416 HFBR-2422
HFBR-1412 HFBR-1414T HFBR-2402 — HFBR-2416M HFBR-24E6
HFBR-1412T HFBR-1424 HFBR-2405 HFBR-2412 HFBR-2416T
Link Selection Guide
Data rate (MBd) Distance {m) Transmitter Receiver Fiber Size {pm)  Evaluation Kit
5 1500 HFBR-14x2 HFBR-24x2 206 HCS N/A
5 2000 HFBR-14x4 HFBR-24x2 62.5/125 HFBR-0410
20 2706 HFBR-14x4 HFBR-24x6 62.5/125 HFBR-0414
32 2200 HFBR-14x4 HFBR-24x6 625/125 HFBR-0414
55 1400 HFBR-14x4 HFBR-24x6 62.5/125 HFBR-0414
125 700 HFBR-14x4 HFBR-24x6 62.5/125 HFBR-0416
155 600 HFBR-14x4 HFBR-24x6 62.5/125 HFBR-0416
160 500 HFBR-14x4 HFBR-24x6 62.5/125 HFBR-0416

For additional information on specific links see the following individual link descriptions. Distances measured over temperature range from 0tc+70°C.



Applications Support Guide

This section gives the designer
information necessary to use the
HFBR-0400 series components
to make a functional fiber optic
transceiver. '

Application Literature

Agilent offers a wide selection of
evaluation kits for hands-on
experience with fiber optic
products as well as a wide range
of application notes complete
with circuit diagrams and board
layouts.

Furthermore, Agilent’s
application support group is
always ready to assist with any
design consideration.

Title

Description

HFBR-0400 Sesies Reliability Data

Transmiiter & Receiver Reliability Data

Application Bulletin 78

Low Cost Fiber Optic Links for Digital Applications up to 155 MBd

Application Note 1038

Complete Fiber Sclutions for IEEE 802.3 FOIRL. 10Base-FB and 10Base-FL

Application Note 1065

Complete Sclutions for IEEE 802.5J Fiberoptic Token Ring

Application Note 1073

HFBR-0218 Test Fixture for 1x9 Fiber Optic Transceivers

Application Note 1086

Optical Fiber Interconnections in Telecommunication Products

Agpplication Note 1121

DC to 32 MBd Fiberoptic Solutions

Application Note 1122

2 to 70 MBd Fiberoptic Solutions

Application Note 1123

20 to 160 MBd Fiberoptic Solutions

Application Nete 1137

Generic Printed Circuit Layout Rules

Application Note 1383

Cost Effective Fiber and Media Conversion for 100Base-SX




HFBR-0400 Series Evaluation Kits

HFBR-0418 ST Evaluation Kit
Contains the following:

* One HFBR-1412 transmitter

* One HFBR-2412 five
megabaud TTL receiver

¢ Three meters of ST
connectored 62.5/125 um
fiber optic cable with low cost
plastic ferrules.

* Related literature

HFBR-0414 ST Evaluation Kit
Includes additional components
to interface to the transmitter
and receiver as well as the PCB
to reduce design time. Contains
the following:

* One HFBR-1414T transmitter

¢ One HFBR-2416T receiver

¢ Three meters of ST
connectored 62.5/125 um
fiber optic cable

* Printed circuit board

¢ ML-4622 CP Data Quantizer

* 74ACTHOOON LED Driver

* LT1016CN8 Comparator

e 4.7 uH Inductor

* Related literature

HFBR-0480 SMA Evaluation Kit
Contains the following:

* One HFBR-1402 transmitter

¢ One HFBR-2402 five
megabaud TTL receiver

* Two meters of SMA
connectored 1000 um plastic
optical fiber

* Related literature

HFBR-0416 Evaluation Kit
Contains the following:

* One fully assembled 1x9
transceiver board for 155
MBd evaluation including:
- HFBR-1414 transmitter
- HFBR-2416 receiver
- circuitry

¢ Related literature

Package and Handling Information

Package Information

All HFBR-0400 Series
transmitters and receivers are
housed in a low-cost, dual-inline
package that is made of high
strength, heat resistant,
chemically resistant, and UL
94V-0 flame retardant ULTEM®
plastic (UL File #E121562). The
transmitters are easily identified
by the light grey color connector
port. The receivers are easily
identified by the dark grey color
connector port. (Black color for
conductive port). The package is
designed for auto-insertion and
wave soldering so it is ideal for
high volume production
applications.

Handling and Design Information
Each part comes with a
protective port cap or plug
covering the optics. These caps/
plugs will vary by port style.
When soldering, it is advisable
to leave the protective cap on
the unit to keep the optics clean.
Good system performance
requires clean port optics and
cable ferrules to avoid
obstructing the optical path.

Clean compressed air often is
sufficient to remove particles of
dirt; methanol on a cotton swab
also works well.

Ultem®is a registered Trademark of the GE corporation.

4

" Recommended Chemicals for

Cleaning/Begreasing HFBR-0400
Products

Alcohols: methyl, isopropyl,
isobutyl.

Aliphatics: hexane, heptane,
Other: soap solution, naphtha.

Do not use partially halogenated
hydrocarbons such as 1,1.1
trichloroethane, ketones such as
MEXK, acetone, chloroform, ethyl
acetate, methylene dichloride,
phenol, methylene chloride, or
N-methylpyrolldone. Also,
Agilent does not recommend the
use of cleaners that use
halogenated hydrocarbons
because of their potential
environmental harm.



Mechanical Dimensions
SMA Port
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Mechanical Dimensions
Threaded ST Port

HFBR-x41xT
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Mechanical Dimensions
FC Port
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Mechanical Dimensions
SC Port
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LED OR DETECTOR IC

ENS-SPHERE
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\ CONNECTOR PORT

HEADER
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EPOXY BACKFILL

PORT GROUNDING PATH INSERT

Figure 1. HFBR-0408 ST Series Cross-Sectienal View.

Panel Mount Hardware
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Options

In addition to the various port
styles available for the HFBR-
0400 series products, there are
also several extra options that
can be ordered. To order an
option, simply place the
corresponding option number at
the end of the part number. See
page 2 for available options.

Option T (Threaded Port Option)

+ Allows ST style port )
components to be panel
mounted.

¢ Compatible with all current
makes of ST® multimode
connectors

¢ Mechanical dimensions are
compliant with MIL-STD-
83522/13

¢ Maximum wall thickness
when using nuts and washers
from the HFBR-4411 -
hardware kit is 2.8 mm (0.11
inch)

e Available on all ST ports

Option C (Conductive Pert Receiver

Option)

¢ Designed to withstand
electrostatic discharge (ESD)
of 25 kV to the port

= Significantly reduces effect of
electromagnetic interference
(EMI) on receiver sensitivity

¢ Allows designer to separate

the signal and conductive port

grounds

¢ Recomimended for use in
noisy environments

* Available on SMA and
threaded ST port style
receivers only

QOption M (Metal Port Option)

» Nickel plated aluminum
connector receptacle

* Designed to withstand
electrostatic discharge (ESD)
of 15 kV to the port

* Significantly reduces effect of
electromagnetic interference
(EMD) on receiver sensitivity

¢ Allows designer to separate
the signal and metal port
grounds

¢ Recommended for use in very
noisy environments

¢ Available on SMA, ST, and
threaded ST ports



Typical Link Data
HFBR-0408 Series

Description

The following technical data is
taken from 4 popular links using
the HFBR-0400 series: the 5
MB4 link, Ethernet 20 MBd link,
Token Ring 32 MBd link, and the
corresponds to transceiver
solutions combining the HFBR-
0400 series components and
various recommended
transceiver design circuits using
off-the-shelf electrical
coraponents. This data is meant
to be regarded as an example of
typical link performance for a
given design and does not call
out any link limitations. Please
refer to the appropriate
application note given for each
link to obtain more information.

5 MiBd Link (HFBR-14xx/24x2)

Link Performance -40 °C to +85 °C uniess otherwise specified

Parameter Symbel Min. Typ. Max. Units Conditions Reference
Optical Power Budget 0PBy 42 9.6 dB HFBR-14x4/24x2 Note 1
with 50/125 ym fiber NA =02
Optical Power Budget OPBgs a0 15 dB HFBR-14x4/24x2 Note 1
with 62.5/125 ym fiber NA =0.27
Optical Power Budget OPByy» 8.0 15 dB HFBR-14x2/24x2 Note 1
with 100/140 ym fiber NA =0.30
Optical Power Budget OPByg, 2 20 dB HFBR-14x2/24x2 Note 1
with 200 ym fiber NA =0.37
Date Rate Synchronous de 5 MBd Note 2
Asynchronous de 25 MBd Note 3,
Fig 7
Propagation Delay o 72 ns Ta=+25°C Figs 6,7.8
LOW to HIGH : Pg = -21 dBm peak
Propagation Delay tout 46 ns
HIGH to LOW
System Pulse Width tew - thu 26 ns Fiber cable length = 1 m
Distortion
Bit Error Rate BER 10° Data rate <5 Bd
Pg > -24 dBm peak
Notes:

1. OPBatTa=-40t0+85°C, Veg =5.0Vdc, IF ON =60 mA. Pg=-24 dBm peak.

2. Synchronous data rate limit is based on these assumptions: a) 50% duty factor modulation, e.g.. Manchester | or BiPhase Manchester 1. b}

continuous data; ¢) PLL Phase Lock Loop demedulation; d} TTL threshold.

3. Asynchronous data rate limit is based on these assumptions: a) NRZ data; b) arbitrary timing-no duty factor restriction; ¢} TTL threshold.

10



- 5 MBd Logic Link Design
If resistor R1 in Figure 2 is 70.4
Q, a forward current Iy of 48 mA
is applied to the HFBR-14x4
LED transmitter. With Ip =48
mA the HFBR-14x4/24x2 logic
link is guaranteed to work with
62.5/125 um fiber optic cable
over the entire range of 0 to
1750 meters at a data rate of dc
to 5 MBd, with arbitrary data
format and pulse width
distortion typically less than
25%. By setting Ry = 115 Q, the
transmitter can be driven with
Ir = 30 mA, if it is desired to
economize on power or achieve
lower pulse distortion.

HFBR-14xx

+5V  SELECTR, 70 SETI, TRANSMITTER

¥

,}_

NOTE:

The following example will
illustrate the technique for
selecting the appropriate value
of Ir and R;.

Maximum distance required =
400 meters. From Figure 3 the
drive current should be 15 mA.
From the transmitter data Vg =
1.5 V (max.) at Ir = 15 mA as
shown in Figure 9.

Ri1=Vcc—VFr=5V-15V

Ir 15mA
R1=233Q
TRANSMISSION
DISTANCE={

IT IS ESSENTIAL THAT A BYPASS CAPACITOR (0.01 uF TO 0.1 pF
CERAMIC) BE CONNECTED FROM PIN 2 TO PIN 7 OF THE RECEIVER.
TOTAL LEAD LENGTH BETWEEN BOTH ENDS OF THE CAPACITOR

AND THE PINS SHOULD NOT EXCEED 20 MM.

Figure 2. Typical Circuit Configuration.

11

The curves in Figures 3, 4, and 5
are constructed assuming no
inline splice or any additional
system loss. Should the link
consists of any in-line splices,
these curves can still be used to
calculate link limits provided
they are shifted by the
additional system loss expressed
in dB. For example, Figure 3
indicates that with 48 mA of
transmitter drive current, a 1.75
km link distance is achievable
with 62.5/125 um fiber which
has a maximum attenuation of 4
dB/km. With 2 dB of additional
system loss, a 1.25 km link
distance is still achievable.

HFBR-24x2
RECEIVER
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Figure 3. HFBR-1414/HFBR-2412 Link Design Figure 4. HFBR-14x2/RFBR-24x2 Link Design Figure 5. HFBR-14x4/HFBR-24x2 Link Design
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Figure 8. System Propagation Delay Test Circuit and Waveform Timing Definitions.
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Ethernet 20 MBd Link {HFBR-14x4/24x6)
(refer to Application Note 1038 for details)

Typical Link Performance

Parameter Symbol Typ [1. 2] Units Conditions
Receiver Sensitivity -34.4 dBm average 20 MBd D2D2 hexadecimal data
] 2 km 62.5/125 pm fiber
Link Jitter 756 ns pk-pk ECL Out Receiver
1.03 ns pk-pk TTL Qut Receiver
Transmitter Jitter 0.763 ns pk-pk 20 MBd D2D2 hexadecimal data
Optical Power Pr -15.2 dBm average 20 MBd D2D2 hexadecimal data
Peak koy = 60 mA
LED Rise Time 1, 1.30 ns 1 MHz square wave input
LED Falf Time 13 3408 ns
Mean Difference It - &} 1.77 ns
Bit Error Rate BER 167°
Output Eye Opening 367 ns At AUl receiver oufput
Data Format 50% Duty Factor 20 MBd

Notes:

1. Typical dataat Ta=+25°C,Vgc=5.0Vdc.

2. Typical performance of circuits shown in Figure 1and Figure 3 of AN-1038 {see applications support section).

Token Ring 32 MBd Link {HFBR-14x4/24x6)
{refer to Application Note 1065 for details)

Typical Link Performance

Parameter Symbol - Typ . 21 Units Conditions

Receiver Sensitivity -34.1 dBm 'average 32 MBd D2D2 hexadecimal data
2 km 62.5/125 pm fiber

Link Jitter 6.91 ns pk-pk ECL Out Receiver

5.52 ns pk-pk TTL Out Receiver

Transmitter Jitter 0.823 ns pk-pk 32 MBd D2D2 hexadecimal data

Optical Power Logic Level "0*  P;ON -12.2 dBm peak Transmitter TTL in gy = 60 mA,
lege =1 mA

Optical Power Logic Level "1*  P;OFF -82.2

LED Rise Time t - 1.3 ns 1 MHz square wave input

LED Fall Time t 3.08 ns

Mean Difference 1t - tf 1.77 ns

Bit Error Rate BER 1010

Data Format 50% Duty Factor 32 MBd

Notes:

1. Typical dataat To=+25°C, Ve = 5.0 Vde.

2. Typical performance of circuits shown in Figure 1 and Figure 3 of AN-1065 (see applications support section)
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155 MBd Link (HFBR-14x4/24x6)
{refer to Application Builetin 78 for details)

Typical Link Performance

Parameter Symbe! Min Typ [1. 2] Max Units Conditions Ref

Optical Power Budget with 0PBg 7.9 139 dB NA =02 Note 2

50/125 pm fiber -

Optical Power Budget with OPB;, 1.7 177 ) B dB NA =027

62.5/125 pm fiber .

Optical Power Budget with QOPBigy n7 17.7 dB NA =0.30

100/140 pm fiber ’

Optical Power Budget with OPByn 16.0 22.0 dB NA=035

200 pm HCS fiber

Data Format 20% to 86% Duty 1 175 MBd

Factor :

System Pulse Width Distortion oy - teu| 1 ns PR = -7 dBm peak
1 m 62.5/125 pm fiber

Bit Error Rate BER 10°¢ _ Data rate < 100 MBaud Note 2
PR > -31 dBm peak

Notes:

1. Typical data at Tpo=+25°C, Vg = 5.0 V dc, PECL serial interface.

2. Typical OPB was determined at a probability of error (BER} of 10-9. Lower probabilities of error can be achieved with short fibers that have less
opticalloss.
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HFBR-14x2/14x4 Low-Cost High-
Speed Transmitters

Description

The HFBR-14xx fiber optic
transmitter contains an 820 nm
AlGaAs emitter capable of

into 50/125 pm fiber and -12
dBm into 62.5/125 pm fiber. The
HFBR-14x2 standard
transmitter typically can launch
-12 dBm of optical power at 60
mA into 100/140 pm fiber cable.
1t is ideal for large size fiber

Housed Product

ancoe 257

CATHODE

3

(s O
3§
0207

i | EmeeTion
[

b4 2

bd ¥ 3
]
5
[
7

sggss;g

NOTES:
1. PINSLASAND S

]

. . . . g [ ARE ELECTICALLY
efficiently launching optical such as 100/140 um. The high m”“gm1mmm , oD,
power into four different optical launched optical power level is - ELECTRICALLY CORNECTED
fiber sizes: 50/125 pm, 62.5/125  useful for systems where star
pm, 100/140 pm, and 200 pm couplers, taps, or inline
HCS®. This allows the designer connectors create large fixed Unhoused Product
flexibility in choosing the fiber losses.
size. The HFBR-14xx is designed ) . . . PIN | FUNCTION
to operate with the Agilent Consistent coupling efficiency is too2 : Ac:?::“
HFBR-24xx fiber optic receivers. 2ssured by the double-lens foes 3 | Aone
optical system (Figure 1). Power
The HFBR-14xx transmitter’s coupled into any of the three BOTTOM VIEW
high coupling efficiency allows fiber types varies less than 5 dB
the emitter to be driven at low from part to part at a given drive
current levels resulting in low current and temperature.
power consumption and Consistent coupling efficiency
increased reliability of the reduces receiver dynamic range
transmitter. The HFBR-14x4 requirements which allows for
high power transmitter is longer link lengths.
optimized for small size fiber
and typically can launch -15.8
dBm optical power at 60 mA
Abselute Maximum Ratings
Parameter Symbol Min Max Units Reference
Storage Temperature Ts -85 +85 °C
Operating Ta -40 +85 °C
Temperature
Lead Seldering Cycle
Temp +260 °C
Time 10 sec
Forward Input Current
Peak Ik 200 mA Note 1
de Yrae 100 v
Reverse Input Voltage  VBR 18 '
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Electrical/Optical Specifications -40 °C to +85 °C unless otherwise specified.

Parameter Symbo! Min Typ? Max Units Conditions Reference
Forward Voltage Ve 1.48 1.70 - 208 Vv IF = 60 mA dc Figure 9
1.84 IF = 100 mA dc
Forward Voltage Temperature Coefficient AV/AT -0.22 mv/°C IF = 60 mA dc Figure 9
-0.18 IF = 100 mA dc
Reverse Input Voltage Ver 1.8 38 v IF = 100 pA dc
Peak Emission Wavelength Ae 792 820 865 nm
Diode Capacitance _ Cy 55 pF V=10.f=1MHz
Opticat Power Temperature Coefficient APy/AT -0.006 dB/°C 1= 60 mA dc
-0.010 {= 100 mA dc
Thermal Resistance O 260 °C/W Notes 3, 8
14x2 Numerical Aperture NA 0.49
14x4 Numerical Aperture NA 0.3t
14x2 Optical Port Diameter D 290 pm Note 4
14x4 Optical Port Diameter D 150 pm Note 4
HFBR-14x2 Qutput Power Measured Out of 1 Meter of Cable
Parameter Symbol Min Typ> Max Units Conditions Reference
50/125 ym Fiber Cable P -21.8 -18.8 -16.8 dBm peak T, =+25°C, ! = 60mA dc Notes 5, 8,
NA =02 -22.8 -158
-20.3 -16.8 -14.4 Ta=+25°C, I; =160 mA dc
-218 -138
62.5/125 ym Fiber Cable Pre -19.0 -16.0 -14.0 dBm peak T, = +25 °C, I = 60mA dc
NA = 0275 -20.0 -13.0
-115 -14.0 -118 Ta=+25°C, | = 100 mA dc
-19.1 -1
106/140 gm Fiber Cable Pris -15.0 -12.0 -10.0 dBm peak T, = +25 °C, It = 60mA dc
NA =03 16.0 9.0
-135 -18.0 -16 Ta=+25 °C, { =100 mA dc
-15.1 A
200 pm HCS Fiber Cable Pro -167 -7 47 dBm peak T, = +25 °C, I = 60mA dc
NA - 037 -117 -37
-92 52 -23 Ta = +25 °C, I = 100 mA dc
-10.8 17

CAUTION: The small junction sizes inherent to the design of these components increase the components’ susceptibility to damage
from electrostatic discharge (ESD). It is advised that normal static precautions be taken in handling and assembly of these
components to prevent damage and/or degradation which may be induced by ESD.
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HFBR-14x4 Output Power Measured out of 1 Meter of Cable

Parameter Symboi Min Typ? Max Units Conditions Reference
50/125 pm Fiber Cable Prso -188 -15.8 -138 dBm peak T, = +25 °C, I = 60mA dc Notes 5, 6, 9
NA =02 -19.8 -12.8
-17.3 -138 114 Ta=+25 °C, [; = 100 mA dc
-189 -10.8
62.5/125 pm Fiber Cable Prea -150 -12.0 -10.0 dBm peak T, = +25 °C, | = 60mA dc
NA = 0275 -16.8 -9.0 . . :
-135 -1086 786 Ta= +25 °C, I = 100 mA dc
-15.1 -1.0
100/148 pm Fiber Cable Pri -45 -85 -45 dBm pesk Tp = +25 °C. I = 60mA dc
NA =03 -105 -35
80 -45 -2.1 . Ta = +25 °C, Iy = 100 mA dc
9.6 -15
200 um HCS Fiber Cable Pran 52 -37 +0.8 dBm peak Ta = +25 °C, I = 60mA dc
NA - 0.37 ’ -6.2 +1.8
-39 -17 +32 Ta = +25 °C, t; = 100 mA dc
53 +3.8

HFBR-14x5 Output Power Measured out of 1 Meter of Cable

Parameter Symhel Min Typ? Max Units Conditions . BReference
62.5/125 ym Fiber Cable Prer -11.0 -10.8 -8.0 dBm peak T, = +25 °C, I; = 60mA
NA = 0.275 120 100 70

14x2 /144 Dynamic Characteristics

Parameter Symbol Min Typ? Max Units Conditions Reference
Rise Time, Fall Time ty 40 6.5 nsec I =60 mA Note 7
{10% to 90%) No pre- Figure 12
bias

Rise Time, Fall Time t. & 30 asec fe = 10 to 160 mA Note 7,
{10% to 90%} - Figure 11
Pulse Width Distortion PWD g5 nsec Figure 11

Notes:

1. Forlppk> 100 mA, the time duration should not exceed 2 ns.

2. Typical dataatTa=+25°C.

3. Thermal resistance is measured with the transmitter coupled to a connector assembly and mounted on a printed circuit board.

4. D ismeasured at the plane of the fiber face and defines a diameter where the optical power density is within 10 dB of the maximum.

5.

Pris measured with a large area detector at the end of 1 meter of mode stripped cable, with an ST® precision ceramic ferrule (MILSTD- 83522/13)

for HFBR-1412/1414. and with an SMA 965 precision ceramic ferrule for HFBR-1402/1404.

When changing mW te dBm, the optical power is referenced to 1 mW {1000 mW). Optical Power P {dBm) = 101og P (mW)/1000 mW.

Pre-bias is recommended if signal rate >10 MBd, see recommended drive circuit in Figure 11.

8. Pins 2, 6 and 7 are welded to the anode header connection to minimize the thermal resistance from junction to ambient. To further reduce the
thermal resistance, the anode trace should be made as large as is consistent with good RF circuit design.

9. Fiber NA is measured at the end of 2 meters of maode stripped fiber, using the far-field pattern. NA is defined.as the sine of the half angle. determined

at 5% of the peak intensity point. When using other manufacturer’s fiber cable, resuits will vary due to differing NA values and specification

methods. :

~ o

All HFBR-14XX LED transmitters are classified as 1EC 825-1 Accessible Emission Limit {AEL) Class 1 based upon the current proposed
draft scheduled to go in to effect on January 1, 1997. AEL Class 1 LED devices are considered eye safe. Contact your Agilent sales
representative formore information.

CAUTION: The small junction sizes inherentto the design of these components increase the components’ susceptibility to damage
from electrostatic discharge (ESD). It is advised that normal static precautions be taken in handling and assembly of these
components to prevent damage and/or degradation which may be induced by ESD.
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Recommended Drive Circuits

The circuit used to supply
current to the LED transmitter
can significantly influence the
optical switching characteristics
of the LED. The optical rise/fall
times and propagation delays
can be improved by using the
-appropriate circuit techniques.
The LED drive circuit shown in

Ry (Vee— VR +3.97(Vcc - Vr—1.6V)

Iron(A)

Rxi= l( Ry
213.97

Reqz (Q)=Rxi-1

Rx2=Rx3=Rx: =3(REQ2)

2000 ps

Cr= Rx1(Q)

Example for Iron =100mA :

Figure 11 uses frequency
compensation to reduce the
typical rise/fall times of the LED
and a small pre-bias voltage to
minimize propagation delay
differences that cause pulse-
width distortion. The circuit will
typically produce rise/fall times
of 3 ns; and a total jitter
including pulse-width distortion
of less than 1 ns. This circuit is
recommended for applications
requiring low edge jitter or high-

Vr can be obtained from Figure 9 (=1.84 V).

18

speed data transmission at
signal rates of up to 155 MBd.
Component values for this
circuit can be calculated for
different LED drive currents
using the equations shown
below. For additional details
about LED drive circuits, the
reader is encouraged to read
Agilent Application Bulletin 78
and Application Note 1038.

_ (5-1.84)+3.97(5-1.84-1.6)

Ry
0.100
v 3.16+6.19 9350
- 0.100
x1=—1~ gﬁ =11.8Q
213.97

REqQz=11.8-1=108Q
Rx2=Rx3=Rx4=3(10.8)=324Q

2000 ps

=169 pF
11.8Q P



1

Figure 12. Test Circuit for Measuring ty. 5.
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HFBR-24x2 Low-Cost 5 MBd
Receiver

Description

The HFBR-24x2 fiber optic
receiver is designed to operate
with the Agilent HFBR-14xx
fiber optic transmitter and 50/
125 pum, 62.5/125 pum, 100/ 140
um, and 200 um HCS® fiber
optic cable. Consistent coupling
into the receiver is assured by
the lensed optical system
(Figure 1). Response does not
vary with fiber size < 0.100 pm.

The HFBR-24x2 receiver
incorporates an integrated photo
IC containing a photodetector
and dc amplifier driving an
opencollector Schottky output

designed for direct interfacing to
popular logic families. The
absence of an internal pull-up
resistor allows the open-
collector output to be used with
logic families such as CMOS

_ requiring voltage excursions

mauch higher than Vge.

Both the open-collector “Data”
output Pin 6 and Vgg Pin 2 are
referenced to “Com” Pin 3, 7.
The “Data” output allows busing,
strobing and wired “OR” circuit
configurations. The transmitter
is designed to operate from a
single +5 V supply. It is essential
that a bypass capacitor (0.1 mF
ceramic) be connected from Pin
2 (V) to Pin 3 (circuit
common) of the receiver.

Housed Product

2
6 Ve
3 ﬂ:K— DATA
14— 7&3 common

NOTES:
1. PINS 1.4, 5 AND 8 ARE ELECTRICALLY CONNECTED
2. PINS 3 AND 7 ARE ELECTRICALLY CONNECTED 70 HEADER

Unhoused Product

. A PIN | FUNCTION
transistor. The HFBR-24x2 is 1002 T |V, BY)
2 | cOMMON
— 3003 3 | DATA
& | COMMON
BOTTOM VIEW
Absclute Maximum Ratings
Parameter Symbol Min Max Units Reference
Storage Temperature Ts -55 +85 °C
Operating Ta -40 +85 °C
Temperature
Lead Soldering Cycle Note 1
Temp +260 °C
Time 10 sec
Supply Voltage Vee -05 70 \'
Output Current lo 25 mA
Output Voltage Vo -05 . 180 A
Output Collector Po av 40 mW
Power Dissipation
Fan Out {TTL) N 5 Note 2
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Electrical/ Optical Characteristics -40 °C to + 85 °C unless otherwise specified
Fiber sizes with core diameter <100 pm and NA<0.35,4.75V< Vg <525V

Parameter Symbol Min Typ® Max Units Conditions Reference
High Leve! Qutput Current loy 5 250 pA Vo=18
Pg < -48 dBm
Low Level Output Voliage Voo 04 85 - v lg = 8 mA
Pg > -24 dBm
High Level Supply Current Yeen 35 6.3 mA Vee =526V
Pg < -480 dBm
Low Level Supply Current fece 6.2 10 mA Ve =525V
Pg > -24 dBm
Equivalent NA NA 0.50
Optical Port Diameter D 400 um Note 4

Dynamic Characteristics
-40 °C to +85 °C unless otherwise specified: .75 V<V <5.25 V: BER < 10-8

Parameter Symbol Min Typ? Max Units Conditions Reference
Peak Optical Input Power Logic Level HIGH  Pay -40 dBm pk Ap = 820 nm Note 5
0.1 uW pk
Peak Optical Input Power Logic Level LOW P -25.4 82 dBm pk Ta = +25°C, Nate 5
29 120 uW pk for = BmA
-24.0 _ -100 dBm pk o = 8mA
4.0 100 pW pk
Propagation Delay LOW to HIGH tour 65 ns T, =+25°C, Note 6
Pz = -21 dBm,
Propagation Delay HIGH to LOW torun a9 ns Data Rate =
~ 5 MBd
Notes:

1. 2.0 mm from where leads enter case.

2. 8mAload (5x1.6mA}, RL=560Q.

3. Typical data at Ta=+25°C, Vgg = 5.0 Vdc.

4. Dis the effective diameter of the detector image on the plane of the fiber face. The numerical value is the preduct of the actual detector diameter

and the lens magnification.

Measured at the end of 160/140 mm fiber optic cable with {arge area detector.

6. Propagation delay through the system is the result of several sequentially-occurring phenomena. Consequently it is a combination of data-rate-
limiting effects and of transmission-time effects. Because of this, the data-rate limit of the system must be described in terms of time differentials
between delays imposed on falling and rising edges. ’

7. Asthe cable length is increased, the propagation delays increase at 5 ns per meter of length. Data rate, as limited by pulse width distortion, is not
affected by increasing cable length if the optical power levet at the receiver is maintained. i

o

CAUTION: The small junction sizes inherent to the design of these components increase the components’ susceptibility to damage
from electrostatic discharge (ESD). Itis advised that normal static precautions be taken in handling and assembly of these
components to prevent damage and/or degradation which may be induced by ESD.
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HFBR-24x6 Low-Cost 125 MHz
Receiver

Description

The HFBR-24x6 fiber optic
receiver is designed to operate
with the Agilent HFBR-14xx
fiber optic transmitters and 50/
125 pum, 62.5/125 pm, 100/140
pm and 200 um HCS® fiber optic
cable. Consistent coupling into
the receiver is assured by the
lensed optical system (Figure 1).
Response does not vary with
fiber size for core diameters of
100 mm or less.

The receiver output is an analog
signal which allows follow-on
circuitry to be optimized for a
variety of distance/data rate
requirements. Low-cost external
components can be used to
convert the analog output to
logic compatible signal levels for
various data formats and data
rates up to 175 MBd. This
distance/data rate trade-off
results in increased optical
power budget at lower data
rates which can be used for
additional distance or splices.

The HFBR-24x6 receiver
contains a PIN photodiode and
low noise transimpedance

preamplifier integrated circuit.
The HFBR-24x6 receives an
optical signal and converts it to
an analog voltage. The output is
a buffered emitter follower.
Because the signal amplitude
from the HFBR-24x6 receiver is
much larger than from a simple
PIN photodiode, it is less
susceptible to EMI, especially at -
high signaling rates. For very

_noisy environments, the
conductive or metal port option
is recommended. A receiver
dynamic range of 23 dB over
temperature is achievable
(assuming 10-9 BER).

The frequency response is
typically dc to 125 MHz.
Although the HFBR-24x6 is an
analog receiver, it is compatible
with digital systems. Please refer
to Application Bulletin 78 for
simple and inexpensive circuits
that operate at 1556 MBd or
higher.

The recommended ac coupled
receiver circuit is shown in
Figure 14. It is essential that a
10 ohm resistor be connected
between pin 6 and the power
supply, and a 0.1 mF ceramic
bypass capacitor be connected
between the power supply and
ground. In addition, pin 6
should be filtered to protect the

§
POSITIVE

BIAS & FILTER
CIRCUITS l

:

SUPPLY

[ver]

A/

= 386 pF

- 2

v ANALOG
oUT] siguatL

IS

3.7

NEGATIVE

Figure 13. Simplified Schematic Diagram.

VEE

receiver from noisy host
systems. Refer to AN 1038, 1065,
or AB 78 for details.

Housed Product
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NOTES:

1. PINS 1, 4 5 AND 8 ARE ISOLATED FROM THE INTERNAL
CIRCUITRY, BUT ARE ELECTRICALLY CONNECTED TO EACH
OTHER.

2. PINS 3 AND 7 ARE ELECTRICALLY CONNECTED T0 HEADER

Unhoused Product

PIN | FUNCTION
1002 1 SIGNAL
2 Vee
4oco3 3 Voo
4 Vee
BOTTOM VIEW

CAUTION: The small junction sizes inherent to the design of these components increase the components’ susceptibility to damage
from electrostatic discharge {ESD). It is advised that normal static precautions be taken in handling and assembly of these
components to prevent damage and/or degradation which may be induced by ESD.
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Absolute Maximum Ratings

Parameter Symbol Min Max Units Reference
Storage Temperature Ts -55 +85 °C
Operating Ta -40 +85 °C
Temperature
Lead Soldering Cycle Note 1
Temp +260 °g
Time i0 sec
Supply Voliage Vee -05 6.0 Vv
Qutput Current Ig 25 mA
Signal Pin Voltage Vs -05 Vee Vv
Electrical/ Optical Characteristics -40 °C to +85 °C; 4.75 V < Supply Voltage <525V,
Rigap = 511 Q. Fiber sizes with core diameter < 100 mm, and N.A. < -0.35 unless otherwise specified.
Parameter Symbel Min Typ? Max Units Conditiens Reference
Responsivity Re 53 7 9.6 mV/pW Ta=+25°C @ 820 Note 3,4
nm, 50 MHz Figure 18
45 115 mV/pW @ 820 nm, 50 MHz
RMS Output Noise Voltage Vo 6.40 0.58 mV Bandwidth filtered Note 5
@ 75 MHz
Pg =0 pW
0.70 mV Unfiltered Figure 15
bandwidth
Pr=0pW
Equivalent Input Optical Noise Power PN -430 -41.4 dBm Bandwidth Filtered
{RMS) 0.050 0.065 pw @ 75MHz
Optical Input Power {Overdrive} Pg -1.6 dBm pk Ta=+25°C Note 6
175 pW pk Figure 16
-82 dBm pk
150 pW pk
Output tmpedance Zo 30 Q Test Frequency =
50 MHz
dc Output Voltage Vo e 42 -31 24 v Pr=0pyW
Power Supply Current fe 9 15 mA R =510 Q
Equivalent NA NA 0.35
Equivalent Diameter D 324 pm Note 7

CAUTION: The small junction sizes inherent to the design of these components increase the components’ susceptibility to damage
from electrostatic discharge {ESD). Itis advised that normal static precautions be taken in handling and assembly of these
components to prevent damage and/or degradation which may be induced by ESD.
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Dynamic Characteristics -40 °C to +85 °C; 4.75 V < Supply Voltage <5.25 V; Rigap =911 Q, Crgap = 5 pF unless

otherwise specified

Parameter Symbol Min Typ? Max Units Conditions Reference
Rise/Fall Time 10% to 90% t b 33 6.3 ns Pz =100 pW peak  Figure 17
Pulse Width Distortion PWD 0.4 25 ns Ps = 190 pW peak  Note 8,
Figure 18
Overshoot 2 % - PR =5 pW peak, Note 9
t=15ns

Bandwidth {Electrical} BW 125 MHz -3 dB Electrical
Bandwidth - Rise Time Product 8.41 Hze-s Note 10

Notes:

1. 2.0 mm from where leads enter case.

2. Typical specifications are for operation ai Ta=+25 °Cand Vgg = +5 Vdc.

3. For 200 pm HCS fibers, typical responsivity will be 6 mV/mW. Other parameters will change as well.

4. Pin #2 should be ac coupled to a load 2 510 ochm. Load capacitance must be less than & pF.

5. Measured with a 3 pole Bessel filter with a 75 MHz, -3 dB bandwidth. Recommended receiver filters for various bandwidths are provided in

Apptication Bulletin 78.
Overdrive is defined at PWD =25 ns.

S

7. Disthe effective diameter of the detector image on the plane of the fiber face. The numerical value is the product of the actual detector diameter

and the lens magnification.

8. Measured with a 10 ns pulse width, 50% duty cycle, at the 50% amplitude point of the waveform.

9. Percent overshootis defined as:

VeK — V160%
(_m_l_oz)xmo%
V100%

10. The conversion factor for the rise time to bandwidth is 0.41 since the HFBR-24x8 has a second order bandwidth limiting characteristic.

BigF

Y|
_L b
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FT=38gF

q t
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\\
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Figure 14. Recommended ac Coupled Receiver Circuit. {See AB 78 and AN 1038 for more information.}

CAUTION: The small junction sizes inherent to the design of these components increase the components’ susceptibility to damage
from electrostatic discharge (ESD). Itis advised that normal static precautions be takenin handling and assembly of these
components to prevent damage and/ or degradation which may be induced by ESD.
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Absolute Maximum Ratings”*

BC548

BC548A
BC548B
BC548C

NPN General Purpose Amplifier

This device is designed for use as general purpose amplifiers
and switches requiring collector currents to 300 mA. Sourced from
Process 10. See PN100A for characteristics.

TA = 25°C uniess otherwise noted

Symbol Parameter Value Units
Veeo Collector-Emitter Voltage 30 Vv
Vees Collector-Base Voltage 30 \'
Veso Emitter-Base Voltage 50 \'4
e Collector Current - Continuous 500 mA
T, Tstg Operating and Storage Junction Temperature Range -56 to +150 °C

*'lhese ratings are fimiting values above which the serviceability of any semicondut-:tor device may be impaired.

NOTES:

1) These ratings are based on a maximum junction temperature of 150 degrees C.

2) These are steady state fimits. The factory should be consulted an applications involving pulsed or low duty cycle operations.

Thermal CharacteristicS  1a- 251 uniess otherwise noted
Symbol Characteristic Max Units

. BC548/AIB/C
Pp Total Device Djssipaﬁon 625 mwW
Derate above 25°C 5.0 mW/C

Raic Thermal Resistance, Junction to Case 833 °CIW
Rasa Thermal Resistance, Junction to Ambient 200 °CW

© 1997 Fairchild Semiconductdr Corporation

548-ABC, Rev B

o8v50d / a8ys08d / v8ys0da / 8¥508



NPN General Purpose Amplifier

(continued)
Electrical CharacteristiCs  a-25%c uness otherwise noted
Symbol Parameter Test Conditions Min Max | Units
OFF CHARACTERISTICS
V@riceo - Collector-Emitter Breakdown Voltage lc=10mA, =0 30 \Y
Viericeo Collector-Base Breakdown Voltage le=10pA le=0 30 \%
Vrices Collector-Base Breakdown Voltage lc=10pA, =0 30 A"
V@rieso Emitter-Base Breakdown Voltage le=10pA,Ic=0 50 v
lceo Collector Cutoff Current Vg =30V, lg=0 15 nA
Veg =30V, =0, To=+150°C 5.0 pA
ON CHARACTERISTICS
hee DC Current Gain Vee=50V,ic=20mA 548 110 800
548A 110 220
5488 200 450
548C 420 800
Veesaty Collector-Emitter Saturation Voltage lc=10mA, Ig=0.5mA 0.25 \Y
Ic =100 mA, lg=5.0 mA 0.60 \'
Vaeon) Base-Emitter On Voltage Vee=50V,Ic=20mA 0.58 0.70 \Y
Vee = 5.0V, Ic =10 mA 0.77 \
SMALL SIGNAL CHARACTERISTICS
he Small-Signat Current Gain Ic=20mA, Ve =50V, 125 900
f=1.0kHz
NF Noise Figure Vee=5.0V, Ic =200 pA, 10 dB

Rs=20kQ, f=1.0kHz,
By = 200 Hz

08p508 / 981509 / v8ys0d / 8¥504



TRADEMARKS

The following are registered and unregistered trademarks Fairchild Semiconductor owns or is authorized to use and is

not intended to be an exhaustive list of all such trademarks.

ACEx™ FASTI™ PowerTrenche SyncFET™
Bottomless™ GlobalOptoisolator™ QFET™ TinyLogic™
CoolFET™ GTO™ Qs™ UHC™
CROSSVOLT™ HiSeC™ QT Optoelectronics ™ VCX™
DOME™ ISOPLANAR™ Quiet Series™

E2CMOS™ MICROWIRE™ SILENT SWITCHER®

EnSigna™ OPTOLOGIC™ SMART START™

FACT™ OPTOPLANAR™ SuperSOT™-3

FACT Quiet Series™ PACMAN™ SuperSOT™-6

FAST® POP™ SuperSOT™-8

DISCLAIMER

FAIRCHILD SEMICONDUCTOR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER
NOTICE TOANY PRODUCTS HEREIN TO IMPROVE RELIABILITY, FUNCTION OR DESIGN. FAIRCHILD
DOES NOTASSUME ANY LIABILITY ARISING OUT OF THE APPLICATION OR USE OF ANY PRODUCT
OR CIRCUIT DESCRIBED HEREIN; NEITHER DOES IT CONVEYANY LICENSE UNDER iTS PATENT
RIGHTS, NOR THE RIGHTS OF OTHERS. -

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF FAIRCHILD SEMICONDUCTOR CORPORATION.

As used herein:

1. Life support devices or systems are devices or
systems which, (a) are intended for surgical implant into
the body, or (b) support or sustain fife, or (¢} whose
failure to perform when properly used in accordance
with instructions for use provided in the labeling, can be
reasonably expected to result in significant injury to the

user.

2. A critical component is any component of a life
support device or system whose failure to perform can
be reasonably expected to cause the failure of the life
support device or system, or to affect its safety or
effectiveness.

PRODUCT STATUS DEFINITIONS

Definition of Terms

Datasheet ldentification Product Status Definition
Advance Information Formative or This datasheet contains the design specifications for
in Design product development. Specifications may change in

any manner without notice.

Preliminary

First Production

This datasheet contains preliminary data, and
supplementary data will be published at a later date.
Fairchild Semiconductor reserves the right to make
changes at any time without notice in order to improve
design.

No ldentification Needed

Full Production

This datasheet contains final specifications. Fairchild
Semiconductor reserves the right to make changes at
any time without notice in order to improve design.

Obsolete

Not in Production

This datasheet contains specifications on a product
that has been discontinued by Fairchild semiconductor.
The datasheet is printed for reference information only.




Microsemi

- Prograss Poviesed by Technolagy

580 Pleasant St.
Watertown, MA 02172
PH: (617) 926-0404
FAX: (617) 924-1235

-eatures

Meets MIL-S-19500/255
Collector-Base Voltage 75
Coliector Current: 800mA
Fast Switching 335 nS

Maximum Ratings
RATING - Rt

Collector-Emitter Vrtag i

2N2222A

75 Volts
0.8 Amps

NPN
BIPOLAR
TRANSISTOR

Collector-Base Voltage Veeo 75 Vdc
Emitter-Base Voltage VEeso 6.0 Vdc
Collector Current _ le 800 mAdc
Total Device Dissipation @ T =25°C Po 05 Watt
Derate above 25°C 2.85 mwW/°C
Total Device Dissipation @T ¢ = 25°C Po 1.8 Watt
Derate above 25°C 10.3 mwW/°C
Thermal Resistance, Junction to Ambient Rua 350 ‘C/W
Thermal Resistance, Junction to Case Ryc 97 °CW
Operating Temperature Range T, 65 to + 200 °C
Storage Temperature Range Tsto 65 to + 200 °C
Mechanical Outline
NOTE 2 +000
“1 l’_ 036/.046 054 ~ 001 —ood e
45" TYP NOTE 3 GAGE PLANE /]
016/.019 -
NOTE S .009/.031
2X R .007 016/.021 r.028/.048
MAX NOTE 2 NOTE 6 ‘1 i
NOTE 4 — went : i !
TN T T -t 6178/495 2209230
i
COLLECTOR SEATING 31 .
NOTE 3 PLANE
@6 114 B1AE) ase | [ 170/E0
3. TRUE POSITION
BasE I e e

NOTES:
1. DIMENSIONS ARE IN INCHES

2, TAB WIBTH SHALL BE HELB TD TOLERANCE
FOR AT LEAST .01t BEYOND CORNER RADIUS

MIN

— 500 MIN -

—— 750 MAX —of

4. EXXOCASYMBOL INDICATES PURTION OF LEADS NOT HELD TO TOLERANCE.
5. .016/.619 LEAD DIA. APPLIES BETWEEN 050 MAX & 250 MIN.
6. 016/.021 LEAD BIA. APPLIES BETWEEN .250 MIN & L MIN

7. STANDARD PRODUCT LEAD FINISH IS GOLD PLATE.
OPTIONAL LEAD FINISH SHALL BE HOT SOLDER DIP PER CUSTOMER SPEC.

Jatasheet# MSC0275A 51911997
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zlectrical Parameters (Ta @ 257C unless othenmse speclﬁed)

CHARACTERISTICS -

Off Characteristics

Collector-Emitter Breakdown Voltage
(lc =10 mAdc, Iz =0}

BVceo

50

Vdc

Collector-Emitter Breakdown Voltage
(Ic =10 >Adc, I = 0)°

BVceo

75

vdc

Emitter-Base Breakdown Voltage
(I =10 >Adc, Ic = 0)

BVeso

6.0

Vdc

Collector to emitter Cutoff Current
(VCE =30 VdC)

lces

nAdc

Collector to base Cutoff Current
(Vce =60 Vdc)

nAdc

D.C. Current Gain
(Ic = 0.1 mAdc, V¢e = 10 Vdc)
(lc = 1.0 mAdc, V¢e = 10 Vdc)
(lc = 10 mAdc, V¢e = 10 Vdc)(1)
(Ic =10 mAdc, Ve =10Vdce, Ta= -55°C)(1)
(Ic = 150 mAdc, Ve = 10 Vdc)(1)
(ic = 500 mAdc, Ve = 10 Vdc)(1)

hee

75
100

100
30

50

Collector-Emitter Saturation Voltage(1)
(I¢ = 150 mAdc, ig = 15 mAdc)
(lc = 500 mAdc, Ig = 50 mAdc)

Vee(say

Vdc

Base-Emitter Saturation Voltage(1)
(Ic = 150 mAdc, Ig = 15 mAdc)
(Ic = 500 mAdc, |g = 50 mAdc)

Vae(say

06

Vdc

Current Gain-Bandwidth Product(2)
(¢ = 20 mAdc, V¢e = 20 Vdc, f = 100MHZz)

fr

250

Mhz

Qutput Capacitance(3)
0&3—10wmlg—01mkHz<f<1MHz

Coso

8.0

pf

Input Capacitance
(Ves = 0.5 Vdc, Ic =0, 100kHz < f < 1MHz)

Cigo

25

pf

Switching Characteristics
Delay Time: (V¢c = 30 Vdc, Veeem = -0.5 Vdc,
Rise Time:  lc¢ = 150 mAdc, g, = 15 mAdc)(Figure 12)

Storage Time: (V¢ = 30 Vdc, I = 150 mAdc,
Fall Time: Igi = igz = 15 mAdc)

sl red

10
25

225
60

ns

Datasheet# MSC0275A 5/19/1997



ANALOG
DEVICES

34 MHz, CBFET
Fast Settling Op Amp

AD843

FEATURES

AC PERFORMANCE

Unity Gain Bandwidth: 34 MHz
Fast Settling: 135 ns to 0.01%
Slew Rate: 250 V/ps

Stable at Gains of 1 or Greater
Full Power Bandwidih: 3.9 MHz

DC PERFORMANCE

Input Offset Voltage: 1 mV max (AD843K/B}

input Bias Current: 0.6 nA typ

Input Voltage Noise: 19 nV/VHz

Open Loop Gain: 30 V/mV into a 500 & Load

Output Current: 50 mA min

Supply Current: 13 mA max

Available in 8-Pin Plastic Mini-DIP & Cerdip, 16-Pin SOIC,
20-Pin LCC and 12-Pin Hermetic Metal Can Packages

Available in Tape and Reel in Accordance with
EIA-481A Standard

Chips and MiL=STD-883B Parts Also Available

APPLICATIONS

High Speed Sample-and-Hold Amplifiers
High Bandwidth Active Filters

High Speed Integrators

High Frequency Signal Conditioning

PRODUCT DESCRIPTION

The AD843 is a fast seuling, 3¢ MHz, CBFET input op amp.
The AD843 combines the low (0.6 nA) input bias currents
characteristic of a FET input amplifier while still providing a

34 MHz bandwidth and a 135 ns settling time (to within 0.01%
of final value for a 10 volt step). The AD843 is a member of the
Analog Devices’ family of wide bandwidth operational amplifi-
ers. These devices are fabricated using Analog Devices’ junction
isolated complementary bipolar (CB) process. This process per-
mits a combination of dc precision and wideband ac perform-
ance previously unobtainable in a monolithic op amp.

The 250 V/us slew rate and 0.6 nA input bias current of the
AD843 ensure excellent performance in high speed sample-and-
hold applications and in high speed integrators. This amplifier is
also ideally suited for high bandwidth active filters and high fre-
quency signal conditioning circuits.

Unlike many high frequency amplifiers, the AD843 requires no
external compensation and it remains stable over its full operat-
ing temperature range. It is available in five performance grades:
the AD843Y and AD843K are rated over the commercial
temperature range of 0°C to +70°C. The AD843A and AD843B
are rated over the industrial temperature range of 40°C to +85°C.
The AD843S is rated over the military temperature range of —55°C
to +125°C and is available processed to MIL-STD-883B, Rev. C.

REV.D

Information furnished by Analog Devices is believed to be accurate and
reliable. However, no responsibility is assumed by Analog Devices for its
use, nor for any infringements of patents or other rights of third parties
which may resuit from its use. No license is granted by implication or
otherwise under any patent or patent rights of Analog Devices.

CONNECTION DIAGRAMS

16-Pin SOIC (R-16) Package Plastic (N-8) and
Cerdip (Q-8) Package

\J

NC E L J 16 | NC

ne [2 15 | e
BALANCE E Apea 14] BALANCE

~INPUT E i3] v
+INPUT Ej\_—(>— 3z] outeuT

—v E e

w 7] 0] Ne

NC E TOP VIEW 3 NC

NC = 80 CONNECT

TO-8 (H-12A) Package LCC (E-20A) Package

o o
2 2
2
2 2
I "
i W
2.2
25858
3 2 1 2019
i1
e
N € HH 18 NC
- S - 17 +vg
NC 6 16 NC
7 + 15 QUTPUT
ADS43
NC S 1 K
TOP VIEW 10 1112 13
-
NOTE. CAN TIED TO V+ 2522 ¢
NC = NO CONNECT
NC = NO CONNECT

The AD843 is offered in either 8-pin plastic DIP or hermetic
cerdip packages, in 16-pin SOIC, 20-Pin LCC, or in a 12-pin
metal can. Chips are also available.

PRODUCT HIGHLIGHTS

1. The high slew rate, fast settling time and low input bias cur-
rent of the AD843 make it the ideal amplifier for 12-bit D/A
and A/D buffers, for high speed sample-and-hold amplifiers
and for high speed integrator circuits. The AD843 can re-
place many FET input hybrid amplifiers such as the
1.H0032, 1.H4104 and OPA600.

2. Fully differential inputs provide outstanding performance in
all standard high frequency op amp applicarions such as sig-
nal conditioning and active filters.

3. Laser wafer rimming reduces the input offset voltage to .
1 mV max (AD843K and AD843B). :

4. Although external offset nulling is unnecessary in many ap-
plications, offset null pins are provided.

5. The AD843 does not require external compensation at
closed loop gains of 1 or greater.

© Analog Devices, Inc., 1995

One Technology Way, P.O. Box 9106, Norwood. MA 02062-9106, U.S.A.
Tel: 617/329-4700 Fax: 617/326-8703



AD 843—SPEC l FI BA." 0 Ns (@1, = +25°C and 15 V dc, unless otherwise noted)

ADS843JIA ADS43K/B AD843S!
Model Conditions Min Typ Max |[Min Typ Max | Min Typ Max Units
INPUT OFFSET VOLTAGE' 1.0 2.0 0.5 1.0 1.0 2.0 mV
Taae-Tamax 1.7 40 12 2.0 3.0 4.5 mV
Offset Drift 12 12 35 12 uveC
INPUT BIAS CURRENT Inidal (Tj = +25°C) 50 40 50 PA
Warmed-Up? 0.8 2.5 0.6 1.0 0.8 2.5 nA
Tane-Tamax 60/160 23165 2600 nA
INPUT OFFSET CURRENT Inijtial (T} = +25°C) 30 20 30 PA
Warmed-Up? 025 1.0 0.2 0.4 025 1.0 nA
Tume-Tmax 23/64 9/26 1025 nA
INPUT CHARACTERISTICS )
Input Resistance 100 1010 10%0 Q
Input Capacitance 6 6 6 pF
INPUT VOLTAGE RANGE
Common Mode +10 +12, +10 +12, +10 +12, v
-13 -13 -13
COMMON-MODE REJECTION Ve =110V 60 72 70 76 60 72 dB
T Tamax 60 72 68 76 60 72 dB
INPUT VOLTAGE NOISE f = 10kHz 19 19 19 nVNHz
Wideband Noise 10 Hz 10 10 MHz 60 60 60 pV rms
OPEN LOOP GAIN Vo=110V
Rioap 2500 Q 15 25 26 30 15 - 30 V/imV
Tym-Tumax 10—~ 20 10 25 19 25 V/mV
OUTPUT CHARACTERISTICS
Volage Ryoap 2 500 Q +10  +11.5, +10  +115, +10  +11.5, \’
~12.6 -12.6 -12.6
Current Vour=%10V 50 50 50 mA
Ourtpur Resistance Open Loop 12 12 12 Q
FREQUENCY RESPONSE
Unity Gain Bandwidth Vour = 90 mV p-p 34 34 ‘34 MH:z
Full Power Bandwidth® Vo =20Vpp
R12500Q 2.5 3.9 2.5 3.9 2.5 39 MHz
Rise Time Aver =-1 10 10 10 ns
Overshoot Aycr = -1 15 15 15 %
Slew Rate Aycp = -1 160 250 160 250 160 250 Vips
Sertling Time 10 V Siep B
AycL=~1
10 0.1% 95 95 95 ns
10 0.01% 135 135 135 ns
Overdrive Recovery —Overdrive 200 200 200 ns
+Overdrive 700 700 700 ns
Differential Gain f=44MHz 0.025 0.025 0.025 %
Differential Phase f=4.4MHz 0.025 0.025 0.025 Degree
POWER SUPPLY
Rated Performance +15 +15 +15 v
Operating Range *4.5 +18 +4.5 *18 +4.5 *18 v
Quiescent Current 12 13 12 13 12 13 mA
Tramen-Tamax 12.3 14 12.3 14 12.5 16 mA
Rejection Rato +5Vw0tl8V 65 76 70 80 65 76 dB
Rejection Ratio Tunv-Tamax 62 76 68 80 62 76 dB
TEMPERATURE RANGE
Operating, Rated Performance
Commercial (0°C to +70°C) ADB843f AD843K
Industrial (—40°C 1o +85°C) ADB843A ADSg43B
Military (-55°C to +125°C)* ADS843S
PACKAGE OPTIONS
Plastic (N-8) ADB843IN AD843KN
Cerdip (Q-8) AD843AQ AD843BQ ADB8435Q, AD843SQ/883B
Metal Can (H-124) ADS843BH ADB843SH, AD843SH/883B
LCC (E-204) AD843SE/883B
SOIC (R-16) AD843JR-16
Tape & Reel ADB843JR-16-REEL
ADB843JR-16-REEL7
Chips ADB843JCHIPS AD843SCHIPS
~2- REV.D



AD843

NOTES

!Standard Military Drawings Available: 5962-9098001M2A (SE/883B), 5962-9098001 MXA (SH/883B), 5962-9098001 MPA (SQ/883B).

2Specifications are guaranteed after 5 minutes at Ty = +25°C.

3Full power bandwidth = Slew Rate/2 TV peak.

2All “S” grade TyneTmax specifications are tested with automatic test equipment at Ty = -55°C and T, = +125°C.

Specifications subject to change without notice.

Specifications in boldface are tested on all production units at final electrical test. Results from those tests are used to calculaie outgoing quality levels. All min and
max specifications are guaranteed although only those shown in boldface are tested on all production units.

ABSOLUTE MAXIMUM RATINGS' METALIZATION PHOTOGRAPH
SupplyVoltage . . ... ..o i L.E18V Contact factory for latest dimensions.
Internal Power Dissipationz Dimensions shown in inches and (mm).
PlasticPackage .......... ..oy 1.50 Watts
CerdipPackage ................ ... ..., 1.35 Watts
12-Pin Header Package ................... 1.80 Watts
16-Pin SOIC Package ...... e 1.50 Watts
20-PnLCCPackage ........ocoiveiintn 1.00 Watt
InputVoltage ... ... .. ..o i, +Vg
Output Short Circuit Duration ................ Indefinite
Differential Input Voltage .................. +Vg and -Vg
Storage Temperature Range NN, R) ....... —65°C to +125°C
Storage Temperature Range (Q, H, E) .... —-65°C 10 +150°C
Operating Temperature Range
ADSB43J/R ... ... 0°C to +70°C
ADB43A/B ... ... ... —40°C to +85°C
ADSB43S .. ... -55°C 10 +125°C
Lead Temperature Range (Soldering 60 sec) ........ +300°C
ESDRating .......ovuiniiiiniiiiiiiiiiiaa, 500V SUBSTRATECONNECTEDTO +Vs
NOTES

Stresses above those listed under “Absolute Maximum Ratings” may cause
permanent damage to the device at these or any other conditions above those
indicated in the operational sections of this specification is not implied. Exposure
to absolute maximum rating conditions for extended periods may affect device
reliability.
28-Pin Plastic Package: 84 = 100°C/Watt

8-Pin Cerdip Package: 8, = 110°C/Watt

12-Pin Header Package: 8j4 = 80°C/Wart

16-Pin SOIC Package: 8j, = 100°C/Watt

20-Pin LCC Package: 654 = 150°C/Watt

REV. D 3



AD843-Typical Characteristics

INPUT VOLTAGE RANGE - Volts

QUIESCENT CURRENT ~ mA

{NPUT BIAS CURRENT - nA
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Figure 4. Quiescent Current vs. Figure 5. Input Bias Current vs. Figure 6. Output Impedance vs.
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Figure 7. Input Bias Current vs.
Common Mode Voltage

JUNCTION TEMPERATURE - °C
Figure 8. Short Circuit Current -
Limit vs. Junction Temperature (T,)
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TEMPERATURE —°C

Figure 9. Gain Bandwidth Product
vs. Temperature
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OPEN LOOP GAIN - dB
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AD843—-Typical Characteristics

)

l' l - vs[=:151V

Vo=
Vo= 210V

7 T

> 2 Vg = 25V

/f Vo =21V
4

gl
l'

1@

100 1k 10k

LOAD RESISTANCE - 2
Figure 19. Open Loop Gain vs.
Resistive Load

Figure 20c. Inverter Small Signal
Pulse Response. Cr= 0, C, = 10 pF

Ve

Ve

Figure 20a. Inverting Amplifier Figure 20b. Inverter Large Signal
Connection Pulse Response. Cg= 0, C; = 10 pF

Figure 20d. Inverter Large Signal Figure 20e. Inverter Small Signal
Pulse Response. C- =5 pF, C,= 110 pF  Pulse Response. Cr=5 pF, C, = 110 pF

c,
—

SQUARE

wave s oapF

TSt

100

AAA
vV

C

Figure 21a. Unity Gain Inverter

Circuit for Driving Capacitive
Loads

INCLUDES 10pF
SCOPE PROBE
CAPACITANCE

v

Figure 21b. Inserter Cap Load Figure 21c. Inverter Cap Load
Large Signal Pulse Response. Small Signal Pulse Response.
Cr= 15 pF, C,.= 410 pF Cr= 15 pF, C, = 410 pF

-6— REV.D



AD843

Figure 22a. Unity Gain Buffer Figure 22b. Buffer Large Figure 22¢c. Buffer Small
Amplifier Signal Pulse Response. Signal Pulse Response.
C,=10pF C, =10 pF
2000
“C, 3%pF

Vour
)
R
4954
Figure 23a. Unity Gain Buffer Circuit Figure 23b. Buffer Cap Load Figure 23c. Buffer Cap Load Small
for Driving Capacitive Loads Large Signal Pulse Response. Signal Pulse Response. Cr = 33 pF,

Cr =33 pF, CL= 10 pF CL =10 pF

Figure 23d. Buffer Cap Load Figure 23e. Buffer Cap Load
Large Signal Pulse Response. Small Signal Puise Response.
Cr=33pF, C, =110 pF Cr=33pF, C, = 110 pF

REV. D 7



AD843

SROUNDING AND BYPASSING

Like most high bandwidth amplifiers, the AD843 is sensitive to
-apacitive loading. Although it will drive capacitive loads up to
20 pF without degradation of its rated performance, both an
ncreased capacitive load drive capability and a “cleaner”
(nonringing) pulse response can be obtained from the AD843
by using the circuits illustrated in Figures 20 to 23. The addi-
tion of a 5 pF feedback capacitor to the unity gain inverter con-
nection (Figure 202) substantially reduces the circuit’s
overshoot, even when it is driving a 110 pF load. This can be
seen by comparing the waveforms of Figures 20b through 20e.
To drive capacitive loads greater than 100 pF, the load should
be decoupled from the amplifier’s output by a 10 Q resistor and
the feedback capacitor, Cg, should be connected directly be-
tween the amplifier’s output and its inverting input (Figure
212). When using a 15 pF feedback capacitor, this circuit can
drive 400 pF with less than 20% overshoot, as illustrated in Fig-
ures 21b and 21c. Increasing capacitor Cg to 47 pF also in-
creases the capacitance drive capability to 1000 pF, at the
expense of a 10:1 reduction in bandwidth compared with the
simple unity gain inverter circuit of Figure 20a.

Unity gain voltage followers (buffers) are more sensitive to
capacitive loads than are inverting amplifiers because there is no
attenuation of the feedback signal. The AD843 can drive 10 pF
to 20 pF when connected in the basic unity gain buffer circuit
of Figure 22a.

The 1 kQ resistor in series with the ADD843’s noninverting input
serves two functions: first, together with the amplifier’s input
capacitance, it forms a low-pass filter which slows down the
actual signal seen by the AD843. This helps reduce ringing on
the amplifier’s output voltage. The resistor’s second function is
to limit the current into the amplifier when the differential input
voltage exceeds the total supply voltage.

The AD843 will deliver a much “cleaner” pulse response when
connected in the somewhat more elaborate follower circuit of
Figure 23a. Note the reduced overshoot in Figure 23b and 23c
as compared to Figures 22b and 22c.

For maximum bandwidth, in most applications, input and feed-
back resistors used with the AD843 should have resistance val-
ues equal 1o or less than 1.5 kQ. Even with these low resistance
values, the resultant RC time constant formed between them
and stray circuit capacitances is large enough to cause peaking
in the amplifier’s response. Adding a small capacitor, Cg, as
shown in Figures 20a to 23a will reduce this peaking and flatten
the overall frequency response. Cg will normally be less than

10 pF in value. :

The AD843 can drive resistive loads over the range of 500 £ to
<o with no change in dynamic response. While a 499 Q load was
used in the circuits of Figures 20-23, the performance of these
circuits will be essentially the same even if this load is removed
or changed to some other value, such as 2 kQ.

To obtain the “cleanest” possible transient response when driv-
ing heavy capacitive loads, be sure to connect bypass capacitors
directly between the power supply pins of the AD843 and
ground as outlined in “grounding and bypassing.”

GROUNDING AND BYPASSING

In designing practical circuits using the AD843, the user must
keep in mind that some special precautions are needed when
dealing with high frequency signals. Circuits must be wired us-
ing short interconnect leads. Ground planes should be used
whenever possible to provide both a low resistance, low induc-
tance circuit path and to minimize the effects of high frequency
coupling. IC sockets should be avoided, since their increased
interlead capacitance can degrade the bandwidth of the device.

Power supply leads should be bypassed to ground as close as
possible to the pins of the amplifier. Again, the component leads
should be kept very short. As shown in Figure 24, a parallel
combination of a 2.2 yF tantalum and a 0.1 pF ceramic disc ca-
pacitor is recommended.

+Vg

Figure 24. Recommended Power Supply Bypassing for
the AD843 {DIP Pinout)

USING A HEAT SINK

The AD843 consumes less quiescent power than most precision
high speed amplifiers and is specified to operate without using a
heat sink. However, when driving low impedance loads, the cur-
rent applied to the load can be 4 to 5 times greater than the qui-
escent current. This will produce a noticeable temperature rise,
which will increase input bias currents. The use of a small heat
sink, such as the Mouser Electronics #33HS008 is recommended.

Offset Null Configuration (DIP Pinout)

-8— REV.D



AD843

SAMPLE-AND-HOLD AMPLIFIER CIRCUITS

A Fast Switching Samiple & Hold Circuit

A sample-and-hold circuit possessing short acquisition time and
low aperture delay can be built using an AD843 and discrete
JFET switches. The circuit of Figure 25 employs five n-channel
JFETs (with turn-on times of 35 ns) and an AD843 op amp
(which can settle to 0.01% in 135 ns). The circuit has an aper-
ture delay time of 50 ns and an acquisition time of 1 s or less.

This circuit is based on a noninverting open loop architecture,
using a differential hold capacitor to reduce the effects of pedes-
tal error. The charge that is removed from CH1 by Q2 and Q3
is offset by the charge removed from CH2 by Q4 and Q5. This
circuit can tolerate low hold capacitor values (approximately
100 pF), which improve acquisition time, due to the small gate-
to-drain capacitance of the discrete JFETs. Although pedestal
error will vary with input signal level, making trimming more
difficult, the circuit has the advantages of high bandwidth and
short acquisition times. In addition, it will exhibit some
nonlinearity because both amplifiers are operating with a com-
mon-mode input. Amplifier A2, however, contributes less than
0.025% linearity error, due to its 72 dB common-mode rejec-
tion ratio.

+Vg

2N4392

2N5485

To make sure the circuit accommodates a wide +10 V input
range, the gates of the JFETSs must be connected to a potential
near the —-15 V supply. The level-shift circuitry (diode D3, PNP
transistor Q7, and NPN transistor Q6) shifts the TTL level S/H
command to provide for an adequate pinch-off voltage for the
JEET switches over the full input voltage range.

The JFETs Q2, Q3, Q4 and QS5 across the two hold capacitors
ensure signal acquisition for all conditions of Vpy and Voyur
whenthe circuit switches from the sample to the hold mode.
Transistor Q1 provides an extra stage of isolation between the
output of amplifier Al and the hold capacitor CH1.

When selecting capacitors for use in a sample-and-hold circuit,
the designer should choose those types with low dielectric
absorption and low temperature coefficients. Silvered-mica
capacitors exhibit low (0 to 100 ppm/°C) temperature coeffi-
cients and will still work in temperatures exceeding 200°C. It is
also recommend that the user test the chosen capacitor to insure
that its value closely matches that printed on it since not all
capacitors are fully tested by their manufacturers for absolute
tolerance.

2N5485

+Vg

Cc1

AAA N

200

2.1k0 6 p¥

VV\»-

+5V
HOLD 2 s000 as
b3 D1 D2
1N4148 1N4148  TN4T48 2.1Kk0
. o AN
2N3906 v
SAMPLE Qs 15V ) +Vs
2N3904 22pF = 0.1pF
b com > T T
112 S - T v
0.1uF
_1sv 22pF #

~15V )——I———L—D —vy

Figure 25. A Fast Switching Sample-and-Hold Amplifier

A PING-PONG S/H AMPLIFIER

For improved throughput over the circuit of Figure 25, a “ping-
pong” architecture may be used. A ping-pong circuit overcomes

some of the problems associated with high speed S/H amplifiers

by allowing the use of a larger hold capacitor for a given sample

rate: this will reduce the associated feedthrough, droop and ped-
estal errors.

Figure 26 illustrates a simple, four-chip ping-pong sample-and-
hold amplifier circuit. This design increases throughput by using
one channel to acquire a new sample while another channel
holds the previous sample. Instead of having to reacquire the
signal when switching from hold to sample mode, it alternately
connects the outputs from Channel 1 or from Channel 2 to the
A/D converter. In this case, the throughput is the slew rate and
settling time of the output amplifiers, A2 and A3.

REV.D
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A high speed CB amplifier, Al, follows the input signal. Ul, a
dual wideband “T” switch, connects the input buffer amp to
one of the two output amplifiers while selecting the complemen-
tary amplifier to drive the A/D input. For example, when .
“select” is at logic high, Al drives CH1, A2 tracks the input sig-
nal and the output of A3 is connected to the input of the A/D
converter. At the same time, A3 holds an analog value and its
output is connected to the input of the A/D converter. When the
select command goes to logic LOW, the two output amplifiers
alternate functions.

Since the input to the A/D converter is the alternated “held”
outputs from Al and A2, the offset voltage mismatch of the two
amplifiers will show up as nonlinearity and, therefore, distortion
in the output signal. T'o minimize this, potentiometers can be
used to adjust the offsets of the output amplifiers until they are
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equal. Alternatively, an autocalibration circuit using two D/A
converters can be employed. This can also be used to calibrate
out the effects of offset voltage drift over temperature.

The switch choice, for Uls, is critical in this type of design. The
DG542 utilizes “T” switching techniques on each channel for
exceptionally low crosstalk and for high isolation. The part fur-

ut

ther improves these specifications by using ground pins between
the signal pins. With an input frequency of 5 MHz, crosstalk
and isolation are -85 dB and 75 dB, respectively. A limitation
of this switch is that it operates from a maximum —5 V negative
supply, making bipolar operation more difficult. It is recom-
mended that amplifiers A1, A2 and A3 operate from the same
~5 V supply to minimize any potential latch-up problems.

L3 N1 iN2

L] D2
N e
=151 s2

-5V —4 DG542DJ

s4 s3

_L—‘ GND GND

b4 D3

v

SIMPLIFIED %
DIAGRAM

CHANNEL 1

/—O

I >—‘¢HANNEL 2
EQUIVALENT FOR AMPLIRERS A1 TO A3,

Figure 26. A Ping-Pong Sample-and-Hold Amplifier
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OUTPUT
70
AID
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ADD BYPASS CAPACITORS
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JOTEKTRONIX T~ 7 07 771
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7426 1 _L I
OSCILLOSCOPE | 1 20}
PREAMP MO F

INPUT SECTION | Tp !
(VIALESSTHAN [ _ _ ' _
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Figure 27. Settling Time Test Circuit
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MUMG ADS843 SETTLING TIME

“igure 28 shows the dynamic response of the AD843 while op-
rating in the settling time test circuit of Figure 27. The input of
he settling time fixture is driven by a flat-top pulse generator.
Che error signal output from Al, the AD843 under test, is am-
lified by op amp A2 and then clamped by two high speed
chottky diodes.

e 0 b

AT ]

Figure 28. Settling Characteristics: +10 V to 0 V Step.
Wpper Trace: Amplified Error Voltage (0.01%/Div}
Qower Trace: Output of AD843 Under Test (5 V/Div)

The error signal is clamped to prevent it from greatly overload-
ing the oscilloscope preamp. A Tektronix oscilloscope preamp
%\:“:e 7A26 was chosen because it will recover from the approxi-

ately 0.4 volt overload, quickly enough to allow accurate mea-
surement of the AD843’s 135 ns settling time. Amplifier A2 is a
very high speed op amp; it provides a voltage gain of 10, provid-
?, lr‘1g a total gain of 5 from the error signal to the oscilloscope input.

\ FAST PEAK DETECTOR CIRCUIT
e peak detector circuit of Figure 29, can accurately capture
e amplitude of input pulses as narrow as 200 ns and can hold
eir value with a droop rate of less than 20 uV/ps. This circuit
ill capture the peak value of positive polarity waveforms; to
etect negative peaks, simply reverse the polarity of the two
iodes.

e high bandwidth and 200 V/ps slew rate of amplifier A2, an
843, allows the detector’s output to “keep up” with its input
us minimizing overshoot. The low (<1 nA) input current of
e AD843 ensures that the droop rate is limited only by the’
reverse leakage of diode D2, which is typically <10 nA for the
type shown. The low droop rate is apparent in Figure 30. The

detector’s output (top trace) loses slightly over a volt of the
8 volt peak input value (bottom trace) in 75 ms, or a rate of
approximately 16 uV/us.

TOP TRACE: PEAK DETECTOR OUTPUT
BOTTOM TRACE: INPUT, 8V PEAK @ 125Mz
Figure 30. Peak Detector Response to 125 Hz Pulse Train

TOP TRACE: PEAK DETECTOR QUTPUT, 8V

BOTTOM TRACE: INPUT VOLTAGE, 8V PEAK,
650ns PULSE WIDTH

Figure 31. Peak Capture Time

Amplifier Al, an AD847, can drive 680 pF hold capacitor, Cp,
fast enough to “catch-up” with the next peak in 100 ns and still
settle to the new value in 250 ns, as illustrated in Figure 31.
Reducing the value of capacitor Cp to 100 pF will maximize the
speed of this circuit at the expense of increased overshoot and
droop. Since the AD847 can drive an arbitrarily large value of
capacitance, Cp can be increased to reduce droop, at the expense
of response time.

Figure 29. A Fast Peak Detector Circuit
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