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HA-5004

100MHz Current Feedback Amplifier

Features

e SlewRate.....ciciiiniiriiitineraiaaan 1200V/ps
e QutputCurrent........ccciiviiininnnnanan +100mA
ODIrVeS ....iiveriiineriinnreiaanaann +9Vinto 1000
® VGUPPLY ++ocvrecrressncrsancsncnnnans +5Vto £18V

® Thermal Overload Protection and Output Flag
* Bandwidth Nearly Independent of Gain
e Output Enable/Disable

Applications

® Unity Gain Video/Wideband Buffer

* Video Gain Block

* High Speed Peak Detector

¢ Fiber Optic Transmitters

* Zero Insertion Loss Transmission Line Drivers
* Current to Voltage Converter

* Radar Systems

Description

The HA-5004 current feedback amplifier is a video/
wideband amplifier optimized for low gain applications. The
design is based on current-mode feedback which allows
the amplifier to achieve higher closed loop bandwidth than
voltage-mode feedback operational amplifiers. Since feed-
back is employed, the HA-5004 can offer better gain
accuracy and lower distortion than open loop buffers.
Unlike conventional op amps, the bandwidth and rise time
of the HA-5004 are nearly independent of closed loop gain.
The 100MHz bandwidth at unity gain reduces to only
65MHz at a gain of 10. The HA-5004 may be used in place
of a conventional op amp with a significant improvement in
speed power product.

Several features have been designed in for added value. A
thermal overload feature protects the part against excessive
junction temperature by shutting down the output. If this
feature is not needed, it can be inhibited via a TTL input
(TOI). A TTL chip enable/disable (OE) input s also provided;
when the chip is disabled its output is high impedance.
Finally, an open collector output flag (TOL) is provided to
indicate the status of the chip. The status flag goes low to
indicate when the chip is disabled due to either the internal
Thermal Overload shutdown or the external disable.

In order to maximize bandwidth and output drive capacity,
internal current limiting is not provided. However, current
limiting may be applied via the Vg+ and Vg- pins which
provide power separately to the output stage.

The HA-5004 is available in a 14-pin Ceramic DIP and is
specified for operation from 0°C to +750C (HA1-5004-5)
and -400C to +850°C (HA1-5004-9). For Military grade
product refer to the HA-5004/883 data sheet.

Pinouts
HA1-5004 (CERAMIC DIP) INPUTS TEMP | TOLOUTPUT
TOP VIEW {OPEN
Vs OE TO! Ty | COLLECTOR) OPERATION

Ve+ E E Ve - 0 0 Normal 1 Normal

out E EI Vee 0 o High* [ Auto Shutdown, Hi-Z OUT
0 1 X 1 Normal

+ BAL E i § E FB 1 X X [o] Manual Shutdown, Hi-Z OUT
+
8L [4] [11] I *>1809G Typical

vee [5]
TOI E
o

[10] TOL
E GND

8| NC

CAUTION: These devices are sensitive 1o electrostatic discharge. Proper |.C. handling procedures should be followed.
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Specifications HA-5004

Absolute Maximum Ratings (Note 1)

SupplyVoltage . ....cooviiviiiiiiiiiii it . 20V
Differential Input Voltage. ciieeess BV
Common Mode Input Voltage *VSUPPLY
Output Current ......... Ceeresteressasenrsniontanrens +£120mA

Operating Temperature Range

HA-5004-9......ccevuennenrennnnnnnnn.. -400C < Tp < +850C
HA=5004-5 . .. \vvreeeeinernevnsennannnnns 0°C < TA < +759C
Storage Temperature.................... -650C < Ta < +1500C
Maximum Junction Temperature....................... +1750C

Electrical Specilfications vc = Vg4 = +15V, Vg = Vo = -15V, Rg = 500, Ry =10012, Ay = +1, Rg = 2500, OE = 0.8V,

TOI = 0.8V or 2.0V Unless Otherwise Specified.

HA-5004-5, -9
PARAMETER Temp [ MmN [ Tve | max | units
INPUT CHARACTERISTICS
Offset Voltage +250C - 1 5 mv
Full - - 20 mV
Average Offset Voltage Drift Full - 10 uv/oC
Bias Current (+Input Only) (Note 2) +250C - 2 pA
Full - - 20 pA
Input Resistance (+Input Only) (Note 2) +25°C - 3 - MQ
Input Capacitance +250C - 3 - pF
Common Mode Range Full *10 - - v
DISTORTION AND NOISE
Total Harmonic Distortion 2Vp_p, 200kHz ~ AygL = +1 - -72 - dBc
AycL=+2 - ~70 - dBe
AycL=+5 - -68 - dBc
Input Noise Voltage 10Hz to 1MHz . +250C - 15 - 1Vp-
Input Noise Voltage Density (Note 3) fo = 10kHz +250C - 22 - nV/y/Hz
to = 100kHz +250C - 2.2 - nv/\/Hz
Input Noise Current Density (Note 3) fo = 10kHz +250C - 6 - pA/y/Hz
fo = 100kHz +250C - 4 . pA/\/H_z
DIGITAL I/O CHARACTERISTICS
Logic Inputs (OE and TOI) VIH Full 20 - - \
ViL Full - - 0.8 A
Iy @V|=24V Full - - 1 pA
liL @ Vi=04V Full - - 10 pA
Logic Output (TOL) (Open Collector) VoL @ 800pA Full - 0.05 0.4 v
TRANSFER CHARACTERISTICS
DC Gain Error Small Signal (+100mV) +250C - 0.25 0.43 %
Full - 0.25 0.75 %
Large Signal (+10V) (R = 1K) +250C - 0.25 0.43 %
Full - 0.25 0.75 %
DC Voltage Gain (Note 4) +250C 233 400 - \7A%
Full 133 400 - \4\'4
DC Transimpedance (Note 5) +250C - 100 - V/mA
Full 33 100 - V/mA
-3dB Bandwidth Ay = +1 (Note 6) +250C - 100 - MHz
Gain Flatness DC to 5MHz +25°C - 0.03 - dB
DC to 10MHz +250C - 0.05 - dB
Differential Gain (Notes 6,7, 8) 3.58MHz  Aygp = +1 +250C - 0.035 - %
AycL=+2 +250C - 0.058 - %
Differential Gain (Notes 6, 7, 8) 4.43MHz AycL=+1 +250C - 0.035 - %
AycL=+2 +250C - 0.058 - %
Differential Phase (Note 6, 7) 3.58MHz AycL=+1 +250C - 0.15 - Degree
AycL = +2 +250C - 0.23 - Degree
Differential Phase (Note 6, 7) 4.43MHz AycL=+1 +259C - 017 - Degree
AycL=+2 +250C - 0.24 - Degree
Common Mode Rejection Ratio (Note 9) Full - 58 - dB
Minimum Stable Gain Full 1 - - \74%
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Specifications HA-5004

Electrical Specifications (Continued) Vcc = Vo+ = +15V, VEE = VC-

=-15V, Rg = 5001, R =100Q, Ay = +1, Rf = 2500,

OE = 0.8V, TOI = 0.8V or 2.0V Unless Otherwise Specified.

HA-5004-5,-9
PARAMETER TEMP MIN I TYP | MAX UNITS

OQUTPUT CHARACTERISTICS
Output Volitage Swing (RL=10002) +250C +9.0 +9.5 - \'

(RL=1k0) +250C +11.5 | 118 - v

(RL=10002) Full +8.0 +9.5 - v

(R = 1kQ) Full +105 | +11.8 - A\
Full Power Bandwidth (Ay = +1) (Note 10) +25°C - 100 - MHz
Output Resistance, Open Loop +250C - 5 - [¢}
Output Current +25°C +90 100 - mA

Full +80 +100 - mA
Output Enable time (Hi Z to £2V) Full - 100 - ns
Output Disable time (+2V to Hi Z) Full - 3 - ps
Output Leakage (Disabled) Full - - 1 pA
TRANSIENT RESPONSE
Rise Time/Fall Time +25°C - 6.3 - ns
Propagation Delay (10V Step) +250C - 7 - ns
Slew Rate +250C - 1200 - V/us
Settling Time (0.1%, 10V Step) +250C - 50 - ns
Overshoot +25°C - 10 - %
POWER SUPPLY CHARACTERISTICS
Supply Current (Enabled) +25°C - 12 16 mA
Full - - 22 mA

(Disabled) +250C - 7 - mA

Power Supply Rejecton Ratio Full 50 60 - dB

NOTES: 1. Absolute maximum ratings are limiting values, applied individually, beyond which the uwkaabilﬁy of the circuit may be impaired. Functional

operation under any of these conditions is not necessarily implied.

© N

See typical performance curves.
4, DG Voltage Gain = —e—————
Gain Error

Rf

5. DC Transimpedance = —————
Gain Error

, Rf = 2500

6. V|N = 300mVp-p

7. VOFFSET = 1.0V

8. Differential Gain (dB) = 0.0869 Differential Gain (%)
9. VoM = £10V

. Inverting (FB) input is a low impedance point; Bias Current, Offset Current, and Input Resistance are not specified for this terminal.

Slew Rate

10. Full power dwidth g teed by ion: Full Power Bandwidth =

.Vpeak=2V

2n Vpeak
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HA-5004
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HA-5004

Typical Performance Curves VgyppLy = 215V, Ta = 25°C, Unless Otherwise Specified.

GAIN AND PHASE vs. FREQUENCY

FREQUENCY RESPONSE vs. SUPPLY VOLTAGE

I — T 1
12 Ay=+5 Ay=1
I INPUT = 300mVp - p
) M
) 1
=3 Ay=
ze Yoo 0
5, I N g.
lA‘,=~n» é
[ 0° @ §-2
o +15V
t 450 G -3
Ay=+ u 1ov
- 900 = -4
PHASE Ay=+2 A +5v
T A _ PN 1350 2 -5
LITHY Avees I\ Jigoo® 6 }+a5v
™ 1 100M ™ 10M 100M
FREQUENGY (H2) FREQUENCY (Hz)
FREQUENCY RESPONSE vs. C MAX. UNDISTORTED SINEWAVE OUTPUT vs. FREQUENCY
Voe = 215V, Ay = +2, R = 1k, Input = 10mV Vg = 215V, Ay = +1, Sinewave Input
12 40 )
o 35
£° Ol
z a =
z " 25
o] o
3 2 20
o N N\ 2 515
-8 £ 10
A = 0.0pF 5
B = 10pF Y
C = 50pF —cC 1K 10K 100K ™ 10M
D = 100pF D FREQUENCY (Hz)
[ E NN
™ 10M 100M
FREQUENCY (Hz)
CLOSED LOOP QUTPUT IMPEDANCE vs. FREQUENCY SUPPLY CURRENT vs. SUPPLY VOLTAGE
10.0 z ]
E
[
=
= g 12
ISR c ]
2
w 08
Q -
2 5
2 g«
g o1 @ ]
- [ 2 4 6 8 10 12 14 16 18
SUPPLY VOLTAGE (+ V)
0.01

1K 10K 100K M 10M
FREQUENCY (H2)

3-365

[ Ancoaminnum



HA-5004

Typical Performance Curves (Continued) VgyppLy = £15V, Ta = 259C, Unless Otherwise Specified.

VOLTAGE NOISE vs. FREQUENCY CURRENT NOISE vs. FREQUENCY
Voo = 15V Vee = 15V
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Switching Waveforms

LARGE SIGNAL RESPONSE, Ay = +1
Vertical Scale: 5V/Div.

Horizontal Scale: 20ns/Div. TEST CIRCUIT
ViNO T
Y r—o Vout
INPUT 2490
OUTPUT §
Ay = +1, VgyppLY = 15V
PROPAGATION DELAY SMALL SIGNAL RESPONSE

Vertical Scale: 2V/Div. Vertical Scale: 100mV/Div.

Horizontal Scale: 20ns/Div. Horizontal Scale: 20ns/Div.

INPUT (S

OUTPUT §,

Ay = +1, VsyppLy = 15V Ay = +1, VgyppLy = 15V
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