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DESCRIPTION

The NE5219 represents a breakthrough in monolithic amplifier
design featuring several innovations. This unique design has
combined the advantages of a high speed bipolar process with the
proven Gilbert architecture.

The NE5219 is a linear broadband RF amplifier whose gain is
controlled by a single DC voltage. The amplifier runs off a single 5
volt supply and consumes only 40mA. The amplifier has high
impedance (1kQ) differential inputs. The output is 50Q differential.
Therefore, the 5219 can simultaneously perform AGC, impedance
transformation, and the balun functions.

The dynamic range is excellent over a wide range of gain setting.
Furthermore, the noise performance degrades at a comparatively
slow rate as the gain is reduced. This is an important feature when
building linear AGC systems.

PIN CONFIGURATION

N, D PACKAGES

vee [ 1] ~ 16] veeo
oDy [ 2] 15] Gnp,
NE [14] ouTp
GNDj |Z E| GND,
g [ 5] [12] ouTg

GNDq E
VBG E
VAGC E

[11] oDy
10] oD,
E GND7

SR00273
Figure 1. Pin Configuration
FEATURES
® 700MHz bandwidth
. . - APPLICATIONS
® High impedance differential input )
® Linear AGC systems
® 50Q differential output .
® Very linear AM modulator
® Single 5V power suppl
9 P PRY ® RF balun
® 0- 1V gain control pin . »
® Cable TV multi-purpose amplifier
® >60dB gain control range at 200MHz ) )
® Fiber optic AGC
® 26dB maximum gain differential
®* RADAR
® Exceptional VconTroL / Veain linearity ) )
® User programmable fixed gain block
® 7dB noise figure minimum )
® Video
® Full ESD protection ) )
® Satellite receivers
® Easily cascadable o
® Cellular communications
ORDERING INFORMATION
Description Temperature Range Order Code DWG #
16-Pin Plastic Small Outline (SO) package 0to +70°C NE5219D SOT109-1
16-Pin Plastic Dual In-Line package (DIP) 0to +70°C NE5219N SOT28-4
16-Pin Plastic Small Outline (SO) package -40 to +85°C SA5219D SOT109-1
16-Pin Plastic Dual In-Line package (DIP) -40 to +85°C SA5219N S0T28-4
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ABSOLUTE MAXIMUM RATINGS

SYMBOL PARAMETER RATING UNITS
Vee Supply voltage -0.5t0 +8.0 \%
Power dissipation, T = 25°C (still air)!

Pp 16-Pin Plastic DIP 1450 mw

16-Pin Plastic SO 1100 mw

Timax Maximum operating junction temperature 150 °C

Tste Storage temperature range -65 to +150 °c

NOTES:

1. Maximum dissipation is determined by the operating ambient temperature and the thermal resistance, 6;,:
16-Pin DIP: 835 = 85°C/W
16-Pin SO: 835 = 110°C/W

RECOMMENDED OPERATING CONDITIONS

SYMBOL PARAMETER RATING UNITS
Vee Supply voltage Vee1=Vee2=4.51t0 7.0V \%
Operating ambient temperature range o
Ta NE Grade 0to +70 C
SA Grade -40 to +85 °C
Operating junction temperature range o
T NE Grade 0 to +90 C
SA Grade -40 to +105 °c

DC ELECTRICAL CHARACTERISTICS
Ta = 25°C, Ve = Veez = +5Y, Vage = 1.0V, unless otherwise specified.

SYMBOL PARAMETER TEST CONDITIONS N Ll_::l{lls MAX UNIT
lcc Supply current DC tested 36 43 50 mA
Ay Voltage gain (single-ended in/single-ended out) | DC tested, R = 10kQ 16 19 22 dB
Ay Voltage gain (single-ended in/differential out) DC tested, R = 10kQ 22 25 28 dB
RN Input resistance (single-ended) DC tested at +£50pA 0.8 1.2 1.6 kQ

RouTt Output resistance (single-ended) DC tested at £1mA 35 60 80 Q
Vos Output offset voltage (output referred) +20 +150 mV
ViNn DC level on inputs 1.6 2.0 2.4 \%
Vourt DC level on outputs 1.9 2.4 2.9 \%
PSRR Output offset supply rejection ratio 18 45 dB
VG Bandgap reference voltage 4|.?55VG<\:/%%EZIV 1.2 1.32 1.45 \%
Rgg Bandgap loading 2 10 kQ
Vage AGC DC control voltage range 0-1.3 \%
IBaGC AGC pin DC bias current 0V<Vpgc<l.3V -0.7 -6 HA
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AC ELECTRICAL CHARACTERISTICS

Ta = 25°C, Ve = Ve = 5.0V, Vage = 1.0V, unless otherwise specified.

LIMITS
SYMBOL PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX
BW -3dB bandwidth 700 MHz
GF Gain flatness DC - 500MHz +0.4 dB
Maximum input voltage swing (single-ended) for
Vimax linear operation? 200 mVe-p
v Maximum output voltage swing (single-ended) R =50Q 400 mVp._p
OMAX for linear operation! R_ = 1kQ 1.9 Vp.p
NF Noise figure (unmatched configuration) Rg =50Q, f = 50MHz 9.3 dB
VIN-EQ Equivalent input noise voltage spectral density f = 100MHz 25 nV/VHz
S12 Reverse isolation f=100MHz -60 dB
AG/AV e Gain supply sensitivity (single-ended) 0.3 dB/V
AG/AT Gain temperature sensitivity R =50Q 0.013 dB/°C
Cin Input capacitance (single-ended) 2 pF
BWagc -3dB bandwidth of gain control function 20 MHz
Po-1dB 1dB gain compression point at output f = 100MHz -3 dBm
Pl-1dB 1dB gain compression point at input f= 100:'\6”16 Vace -10 dBm
IP3ouT Third-order intercept point at output f= 100>l\(/)ll-5|§/ Vace +13 dBm
P3|y Third-order intercept point at input f= 100)3'_5'5/ Vace +5 dBm
AGap Gain match output A to output B f=100MHz, Vagc = 1V 0.1 dB
NOTE:

1. With R > 1kQ, overload occurs at input for single-ended gain < 13dB and at output for single-ended gain > 13dB. With R_ = 50Q, overload
occurs at input for single-ended gain < 6dB and at output for single-ended gain > 6dB.

NE5219 APPLICATIONS

The NE5219 is a wideband variable gain amplifier (VGA) circuit
which finds many applications in the RF, IF and video signal
processing areas. This application note describes the operation of
the circuit and several applications of the VGA. The simplified
equivalent schematic of the VGA is shown in Figure 2. Transistors
Q1-Q6 form the wideband Gilbert multiplier input stage which is
biased by current source 11. The top differential pairs are biased
from a buffered and level-shifted signal derived from the Vagc input
and the RF input appears at the lower differential pair. The circuit
topology and layout offer low input noise and wide bandwidth. The
second stage is a differential transimpedance stage with current
feedback which maintains the wide bandwidth of the input stage.
The output stage is a pair of emitter followers with 50Q output
impedance. There is also an on-chip bandgap reference with
buffered output at 1.3V, which can be used to derive the gain control
voltage.

Both the inputs and outputs should be capacitor coupled or DC
isolated from the signal sources and loads. Furthermore, the two
inputs should be DC isolated from each other and the two outputs
should likewise be DC isolated from each other. The NE5219 was
designed to provide optimum performance from a 5V power source.
However, there is some range around this value (4.5 - 7V) that can
be used.

The input impedance is about 1kQ. The main advantage to a
differential input configuration is to provide the balun function.
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Otherwise, there is an advantage to common mode rejection, a
specification that is not normally important to RF designs. The
source impedance can be chosen for two different performance
characteristics: Gain, or noise performance. Gain optimization will
be realized if the input impedance is matched to about 1kQ. A 4:1
balun will provide such a broadband match from a 50Q source.
Noise performance will be optimized if the input impedance is
matched to about 200Q. A 2:1 balun will provide such a broadband
match from a 50Q source. The minimum noise figure can then be
expected to be about 7dB. Maximum gain will be about 23dB for a
single-ended output. If the differential output is used and properly
matched, nearly 30dB can be realized. With gain optimization, the
noise figure will degrade to about 8dB. With no matching unit at the
input, a 9dB noise figure can be expected from a 50Q source. If the
source is terminated, the noise figure will increase to about 15dB.
All these noise figures will occur at maximum gain.

The NE5219 has an excellent noise figure vs gain relationship. With
any VGA circuit, the noise performance will degrade with decreasing
gain. The 5219 has about a 1.2dB noise figure degradation for
each 2dB gain reduction. With the input matched for optimum gain,
the 8dB noise figure at 23dB gain will degrade to about a 20dB
noise figure at 0dB gain.

The NE5219 also displays excellent linearity between voltage gain
and control voltage. Indeed, the relationship is of sufficient linearity
that high fidelity AM modulation is possible using the NE5219. A
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maximum control voltage frequency of about 20MHz permits video
baseband sources for AM.

A stabilized bandgap reference voltage is made available on the
NE5219 (Pin 7). For fixed gain applications this voltage can be
resistor divided, and then fed to the gain control terminal (Pin 8).
Using the bandgap voltage reference for gain control produces very
stable gain characteristics over wide temperature ranges. The gain
setting resistors are not part of the RF signal path, and thus stray
capacitance here is not important.

The wide bandwidth and excellent gain control linearity make the
NE5219 VGA ideally suited for the automatic gain control (AGC)
function in RF and IF processing in cellular radio base stations,
Direct Broadcast Satellite (DBS) decoders, cable TV systems, fiber
optic receivers for wideband data and video, and other radio
communication applications. A typical AGC configuration using the
NES5219 is shown in Figure 3. Three NE5219s are cascaded with
appropriate AC coupling capacitors. The output of the final stage
drives the full-wave rectifier composed of two UHF Schottky diodes

BAT17 as shown. The diodes are biased by R1 and R2 to V¢ such
that a quiescent current of about 2mA in each leg is achieved. An
NE5230 low voltage op amp is used as an integrator which drives
the Vagc pin on all three NE5219s. R3 and C3 filter the high
frequency ripple from the full-wave rectified signal. A voltage
divider is used to generate the reference for the non-inverting input
of the op amp at about 1.7V. Keeping D3 the same type as D1 and
D2 will provide a first order compensation for the change in Schottky
voltage over the operating temperature range and improve the AGC
performance. R6 is a variable resistor for adjustments to the op
amp reference voltage. In low cost and large volume applications
this could be replaced with a fixed resistor, which would result in a
slight loss of the AGC dynamic range. Cascading three NE5219s
will give a dynamic range in excess of 60dB.

The NE5219 is a very user-friendly part and will not oscillate in most
applications. However, in an application such as with gains in
excess of 60dB and bandwidth beyond 100MHz, good PC board
layout with proper supply decoupling is strongly recommended.

Vce g =
R1 R2
Q7
Al
I) 1 %8 ouT ouT,
Q1 Q2 Q3 Q4 o B oOUTA
R4 50Q 50Q
I2 13
VAGC = =
Q Q
0-1v INg 5 6
= BANDGAP
REFERENCE VBG
INA
11
= SR00274
Figure 2. Equivalent Schematic of VGA
o—f—] I | |
RF/IF AGC
INPUT 5219 ‘ 521> } } } } OUTPUT
| T
R4
Ili‘ }—l

c4

5230

.
R6
El I Vce
SR00275

Figure 3. AGC Configuration Using Cascaded NE5219s
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\ t \
—— 10pF —— 0.1pF — 0.1pF N
1 1 \_ 1 vee
= - = 5VDC
1 Veel veez | 18
2 GND1 GNDy 15
VIN } 3 | INa outy | 14 | ouTp
50Q 0.1pF 0.1pF
4 GND1 GND2 13
5 IN =)
T our B outg | 12 \ ouTg
I 0.1uF
= L 6 GND1 GND2 11
7 | vBG GND2 | 10
8 | VaGc GND2 | 9 1
= SR00276
Figure 4. VGA AC Evaluation Board
+5V
MINI CIRCUITS
2:1 BALUN
50Q OR SIMILAR ‘ N 50Q
SOURCE \ I I g'g
‘ ‘ 5219 OUTPUT
s00 This circuit will exhibit about a 7dB
1:2 vV, .ISCII'C‘UI Wi ex_ 101t abou a
— 1V AGC noise figure with approximately
22dB gain.
= SR00277
Figure 5. Broadband Noise Optimization
+5V
2:1 TURNS RATIO
LC TUNED
TRANSFORMER 50Q
50Q % OUTPUT
SOURCE g% 5219 = This circuit will exhibit about a 7dB
noise figure with approximately
= 22dB gain. Narrowband circuits
50Q have the advantage of greater stabil-
= ity, particularly when multiple de-
VAGC vices are cascaded.
+1V J:

SR00278

Figure 6. Narrowband Noise Optimization

MINI CIRCUITS
4:1 BALUN OR
50Q EQUIVALENT ‘
SOURCE @ ‘ ‘ I
1:4

/0%
;]
<

50Q

5219

+1V

VAGC

\WJ\MI

50Q

g.g OUTPUT
= This circuit will exhibit about an 8dB
noise figure with 24dB gain.

SR00279

Figure 7. Broadband Gain Optimization
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+5V
4.1 TURNS RATIO
LC TU
TRANSFORMER

SOURCE %é % }7

5219

VAGC
+1V

50Q

§ OUTPUT

This circuit will exhibit approximate-
ly an 8dB noise figure and 25dB gain.

SR00280

Figure 8. Narrowband Gain Optimization

+5V

5219

SOURCE @—%—{ S
L

VAGC
+1V

50Q

% OUTPUT

The noise figure of this configuration
will be approximately 15dB.

SR00281

Figure 9. Simple Amplifier Configuration

+5V

50Q

SOURCE @

]

]

5219

VAGC

50Q

% OUTPUT

With the 50 Q source left untermi-
nated, the noise figure is 9dB.

SR00282

Figure 10. Unterminated Configuration

+5V

50Q

° |
SOURCE @ I

5219

50Q

% OUTPUT

Gain = 19dB + 20log 19 Vagc

Vag 50Q R2
whereVage= | 5 1+ b VBG
VBG i R, + R,
R1 Rp == e and is in units of Volts, for V. pgc <1V

SR00283

Figure 11. User-Programmable Fixed Gain Block
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+5V
FULL CARRIER
AM (DSB)
50Q
RF INPUT —
500 OUTPUT
SOURCE g %\ 5219 =
N | 500
B VAGC All harmonic distortion products will be
- at least -50dBc over the audio spectrum
5V
R oR +5V
O MODULATING
SIGNAL SRO0284
Figure 12. AM Modulator
50Q
CRYSTAL |} | ‘ ’7
FILTER OUTPUT
J: 5219 ‘ 5219 _
I L 500
- VAGC VAGC VAGC
The high input impedance to the NE5219 makes matching o) GAIN CONTROL
to crystal filters relatively easy. The total delta gain of this SIGNAL
system will approach 80dB. IF frequencies well into the UHF
region can be configured with this type of architecture. SR00285
Figure 13. Receiver AGC IF Gain
Vee (+5V, unless otherwise noted)
Rs
|
I
Vs RT 5219 RL
RT R
VAGC
= SR00286
Figure 14. Test Set-up 1 (Used for all Graphs)

1993 Dec 10

379



Philips Semiconductors

Product specification

Wideband variable gain amplifier

NE/SA5219

1993 Dec 10

380

10 20
9 i =<l vec =55V 19.5 : -;Q\\
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. / Vee = 45V 19 7 \\ 5.5V
] / ] 5.0V
74 V. & 185 45V
4 E 4
J / < ]
g ° / § o
° 7 4
=1 | o |
25 / g 175 1
g S ]
= 1 / > ] Rg =0Q
o4 / T=25°C — S 17 4 R = —
ST / Rg = RL =50Q ] b Rg=
3 Ry = 00 [ £ 165 - v, =11V —
] / f= 10MHz a ] AGC
2 3 , i 16 See Test Setup 1
] / DC Tested 1
1 ] See test-setup 1 155 1
07\\\\\\\\\\\\‘\\\\‘\\\\\\\\ 5 1 v e
0 0.2 0.4 0.6 0.8 1 12 -100 -50 0 50 100 150
vage V) Temperature ( °C)
SR00287 SR00289
Figure 15. Gainvs V agc and Ve Figure 17. Voltage Gain vs Temperature and V. ¢cc
10 -55°C
E / +25°C 55 ]
9 ]
1 ] —_—
i 1 5 : \
b +125°C 4 T
] / / ] — ~_
7 45 Vcg=7.0V
] 1 \ \ ~
B i —— Vg = 6.0V
° 3 / 2 B \
o ] 40
g 4 '/ / £ ~ Vog=50v
£ 57 5
5 J
5 1 L g A Ved = 45V
4 =
= ] /] o 3
- 4 — > ]
B 4 S
] / Rg =R =50Q S ]
3 7 Ri =0 — 9 30 5
] // See test-setup 1 ]
2 ]
] /7 25
1 74 ] See test-setup 1
E / 20 T T T 7 T T T T T T T L T L
0 T T T T T T T T T T T T T T T T T T T T T T T -100 -50 0 50 100 150
0 0.2 0.4 0.6 0.8 1 1.2 Temperature (°C)
vaGc V)
SR00288 SR00290
Figure 16. Insertion Gainvs V agc and Temperature Figure 18. Supply Current vs Temperature and V. cc
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1.5 57
E ] |_— Vcc=7.0v
1.45 457 ——
] 1 L
147 4 -
] ] | — Vcc=6.0v
1.35 - _ 35
b Ve =7.0v ] /
o 1as /A Voo = asv . 1 —
37 =4. ° =
=3 ] // g . |_—~ Vcc=50v
8 1.25 - / S 25 |
e > 2] [ ‘
2 ] 8 5 L — L— Vcc =45V
w 1.2 7 / 5 i
9] ] =% 1 /
S ] / E ] ]
3 1.15 7 —— O 15+
= ] / ]
7 = ] DC Tested
11 ] 1 ] See test-setup 1
B DC Tested ]
1.05 See test-setup 1 05 1
1 T T T T | LRI 0 T T T T T L — L —
~100 -50 0 50 100 150 -100 -50 0 50 100 150
Temperature (°C) Temperature (°C)
SR00291 SR00293
Figure 19. Input Resistance vs Temperature Figure 21. Output Bias Voltage vs Temperature andV = ¢
25 25 7
, B ~\\\ ) -
1 \\\ Vee=7.0v ] I
1 T Vee = 6.0V < 7 \\
] ~~ Voo =50V s ]
s 15 Vee = 4.5V z 15
CO 5 ]
g e
s .
8 1 1 5 1 Vagc = 1.1V
@ o) i RL = 10kQ
3 ] Q B DC Tested
g ] e j See test-setup 1
05 05
i DC Tested 4
i See test-setup 1 7
O T T T T T T T ‘ T T T 0 T T T L T T T T L T L
-100 -50 0 50 100 150
-100 -50 0 50 100 150 R
Temperature (°C) Temperature ( °C)
SR00292 SR00294

Figure 20. Input Bias Voltage vs Temperature
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Figure 22. DC Output Swing vs Temperature
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20 16
4 1.1V ]
B 14 ]
T [ J T a2 T - _08v _ ]
10 1 ] Vee = 7.0V
0.4V 12
B —_— B Vce =6.0v
1 N A ] Vee =5.0v
— b \ 200mV 10 =
@ 0 4 N —_— o i Ve =45V
<=l - - \ =2 B
. \\ .
é : W 100mV g g
£ ] E— £ ]
i 5 , T=25C
[ ™, @ 4
=-10 N —S0my_ = g vacc=11vV ——
B — ]
S &S] Rt = 50Q
] NI _25mv_ 1 f= 10MHz
i ML 4 ] See TestSetupl ———
20 \\ T=25C ]
T Rg =Rl = 1
] 500 2 7
1 Rt = 50Q 1
-30 %Z?U‘Leil 0 T i T i T
10 100 1000 1500 -100 50 0 50 100 150
Frequency (MHz) Temperature (°C)
SR00295 SR00297
Figure 23. Insertion Gain vs Frequency and V Figure 25. Insertion Gain vs Temperature and V
AGC cC
15 0
5.5V — A \ :
| N\ ]
4.5V \ B
) -5
10 7
@ | B
g ] 1 /
) -10 A
R g r
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~ i —T | /\
I -15 /
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i et
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i | See Test Setup 1
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Figure 24. Insertion Gain vs Frequency andV ¢
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0 1 15 7
~10 1 OUTPUT
—20 4 ] / oo
7 ] T=25C
] 10 = Rg=R[ =50Q
& 30 1 / Rt = 50Q
z 1 /| f=100MHz |
Py ] /1 ] See test-setup 1
S -40 = 1
= — £ i
€ ] [} ]
S b / Z 5 /1
= -50 3 1
N / E
¢ _60 B
] / T=25C o ] \
70 ] Rs=R| =50Q 2 5 INPUT
] A R¢ =500 ]
1 See test-setup 1 4
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790 —5 ] T T T T T T " T T T T T T T T
o S S 8
3 S g8 B 0 0.2 0.4 0.6 0.8 1
-~ = =
Frequency (MHz) Vage (V)
SR00299 SR00301
Figure 27. Reverse Isolation vs Frequency Figure 29. Third-Order Intermodulation Interceptvs V.  agc
0 20
] OUTPUT 18
| — —
-5 T~
1 1 \ \\
] 14 7 AN
-10
b \ 12
€ ] o
)
g 151 INPUT T 10
7 . T=25C z
o ] Rs = R|_ =50Q 8
20 R = 50Q ] T=25C
b f = 100MHz 6 Rg =R =50Q
] See test-setup 1 Rp=0
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-257 See test-setup 1
1 2
=30 T r T T T 0 T T T T T T T T T
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SR00300 SR00302
Figure 28. 1dB Gain CompressionvsV acc Figure 30. Noise Figure vs V agc
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16 12 ]
14 1 —
1 10
] 0Q Termination i \
12 7 on INB > ™4 / ] T~
1 i b/ 8
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—— c) 4
] af 5 ]
o ] inati E
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by ] on INB 5 4
z ] g |
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4 VAGC = 1.1V L ] R = 50Q
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2 ] See test-setup 1 -1 il See Figure 10
0 ; ! ; ! ! ! ! b
10 100 1000 0 ‘ ‘ ‘ ‘ e ‘
-60 -10 40 140
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Figure 31. Noise Figure vs Frequency Figure 33. Fixed Gain vs Temperature
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Figure 32. Bandgap Voltage vs Temperature and V. ¢
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TOP VIEW - COMPONENT SIDE

TOP VIEW - SOLDER SIDE

SR00306

Figure 34. VGA AC Evaluation Board Layout (DIP Package)
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AMP10101 / NE5219SO/DN8.90

BOTTOM VIEW - D Package

TOP VIEW - D Package

SR00307
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Figure 35. VGA AC Evaluation Board Layout (SO Package)
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