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Datasheet

HS-1145RH

Radiation Hardened, High Speed, Low Power, Current Feedback Video Operational Amplifier with Output Disable

The HS-1145RH is a high speed, low power current
feedback amplifier built with the Renesas proprietary
complementary bipolar UHF-1 (DI bonded wafer)
process. These devices are QML approved and are
processed and screened in full compliance with
MIL-PRF-38535.

This amplifier features a TTL/CMOS compatible
disable control, pin 8, which when pulled low, reduces
the supply current and forces the output into a high
impedance state. This allows easy implementation of
simple, low power video switching and routing
systems. Component and composite video systems
also benefit from this op amp’s excellent gain
flatness, and good differential gain and phase
specifications. Multiplexed A/D applications will also
find the HS-1145RH useful as the A/D
driver/multiplexer.

Features
= Electrically Screened to SMD # 5962-96830
» QML Qualified per MIL-PRF-38535 Requirements
= Low Supply Current: 5.9mA (Typ)
= Wide -3dB Bandwidth: 360MHz (Typ)
= High Slew Rate: 1000V/us (Typ)
= Excellent Gain Flatness (to 50MHz): £0.07dB (Typ)
= Excellent Differential Gain: 0.02% (Typ)
= Excellent Differential Phase: 0.03 Degrees (Typ)
= High Output Current: 60mA (Typ)
= Output Enable/Disable Time: 180ns/35ns (Typ)
= TID Rad Hard Assurance (RHA) testing
* HDR (50-300rad(Si)/s): 300krad(Si)
= Latch Up: None (DI Technology)

Applications

= Multiplexed Flash A/D Driver
= RGB Multiplexers/Preamps
= Video Switching and Routing
= Pulse and Video Amplifiers

= Wideband Amplifiers

= RF/IF Signal Processing

= Imaging Systems
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HS-1145RH Datasheet

1. Pin Information

1.1 Pin Assignments

1.2 Pin Descriptions

NC [T  — 15 DISABLE
-IN [2] (7] v+

+IN [3] 6] ouT
v-[4] 5] NC

Figure 1. Pin Assignments - Top View

Pin Number Pin Name Description
1,5 NC No Connect
2 -IN Inverting input
3 +IN Non-inverting input
4 V- Negative power supply
6 ouT Amplifier output
7 V+ Positive power supply
8 DISABLE Disable contrcl)l_ pin. HIGH = An_wplif.ier enable, LOW = Reduces amplifier supply current and
puts the amplifier output in a high-impedance state.
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HS-1145RH Datasheet

2. Application Information

21 Optimum Feedback Resistor

Although a current feedback amplifier's bandwidth dependency on closed loop gain isn’t as severe as that of a
voltage feedback amplifier, there can be an appreciable decrease in bandwidth at higher gains. This decrease
may be minimized by taking advantage of the current feedback amplifier’s unique relationship between bandwidth
and Rg. All current feedback amplifiers require a feedback resistor, even for unity gain applications, and Rg, in
conjunction with the internal compensation capacitor, sets the dominant pole of the frequency response. Therfore,
the amplifier’s bandwidth is inversely proportional to Rg. The HS-1145RH design is optimized for R = 510Q at a
gain of +2. Decreasing Rr decreases stability, resulting in excessive peaking and overshoot (Note: Capacitive

feedback will cause the same problems due to the feedback impedance decrease at higher frequencies). At
higher gains, however, the amplifier is more stable so R can be decreased in a trade-off of stability for bandwidth.

Table 1 lists recommended Rg values for various gains, and the expected bandwidth. For a gain of +1, a resistor
(+Rg) in series with +IN is required to reduce gain peaking and increase stability.

Table 1. Recommended RF values for Various Gains

Gain (Acy) R (Q) Bandwidth (MHz)
A 425 300
+1 510 (+Rg = 510Q) 270
+2 510 330
+5 200 300
+10 180 130

2.2 Non-lnverting Input Source Impedance

For best operation, the DC source impedance seen by the non-inverting input should be =50Q. This is especially
important in inverting gain configurations where the non-inverting input would normally be connected directly to
GND.

2.3 DISABLE Input TTL Compatibility

The HS-1145RH derives an internal GND reference for the digital circuitry as long as the power supplies are
symmetrical about GND. With symmetrical supplies the digital switching threshold (V1 = (V|y + V)2 = (2.0 +
0.8)/2) is 1.4V, which ensures the TTL compatibility of the DISABLE input. If asymmetrical supplies (such as +10V,
0V) are used, the switching threshold becomes:

(EQ. 1) -V 2+ V-

Vin +1.4V

and the V| and V|_levels are V1 £0.6V, respectively.

2.4 Optional GND Pad (Die Use Only) for TTL Compatibility

The die version of the HS-1145RH provides the user with a GND pad for setting the disable circuitry GND
reference. With symmetrical supplies the GND pad may be left unconnected, or tied directly to GND. If
asymmetrical supplies (such as +10V, 0V) are used, and TTL compatibility is desired, die users must connect the
GND pad to GND. With an external GND, the DISABLE input is TTL compatible regardless of supply voltage
used.
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HS-1145RH Datasheet

2.5 Pulse Undershoot and Asymmetrical Slew Rates

The HS-1145RH utilizes a quasi-complementary output stage to achieve high output current while minimizing
quiescent supply current. In this approach, a composite device replaces the traditional PNP pull-down transistor.
The composite device switches modes after crossing 0V, resulting in added distortion for signals swinging below
ground, and an increased undershoot on the negative portion of the output waveform (See Figure 6, Figure 9, and
Figure 12). This undershoot is not present for small bipolar signals, or large positive signals. Another artifact of the
composite device is asymmetrical slew rates for output signals with a negative voltage component. The slew rate
degrades as the output signal crosses through 0V (See Figure 6, Figure 9, and Figure 12), resulting in a slower
overall negative slew rate. Positive only signals have symmetrical slew rates as illustrated in the large signal
positive pulse response graphs (See Figure 5, Figure 8, and Figure 11).

2.6 Driving Capacitive Loads

Capacitive loads, such as an A/D input, or an improperly terminated transmission line will degrade the amplifier's
phase margin resulting in frequency response peaking and possible oscillations. In most cases, the oscillation can
be avoided by placing a resistor (Rg) in series with the output prior to the capacitance.

Figure 2 details starting points for the selection of this resistor. The points on the curve indicate the Rg and C

combinations for the optimum bandwidth, stability, and settling time, but experimental fine tuning is recommended.
Picking a point above or to the right of the curve yields an over-damped response, while points below or left of the
curve indicate areas of under-damped performance.

Rs and C| form a low pass network at the output, thus limiting system bandwidth well below the amplifier
bandwidth of 270MHz (for Ay, = +1). By decreasing Rg as C| increases (as illustrated in the curves), the maximum
bandwidth is obtained without sacrificing stability. In spite of this, the bandwidth decreases as the load
capacitance increases. For example, at Ay = +1, Rg = 62Q, C|_ = 40pF, the overall bandwidth is limited to 180MHz,
and bandwidth drops to 75MHz at A\, = +1, Rg = 8Q, C_ = 400pF.
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Figure 2. Recommended Series Output Resistor vs Load Capacitance

FN4227 Rev.3.00

4 om" Page 5
May 1, 2024 intersil



HS-1145RH Datasheet

3. PC Board Layout

This amplifier’s frequency response depends greatly on the care taken in designing the PC board.

IMPORTANT: The use of low inductance components such as chip resistors and chip capacitors is strongly
recommended, while a solid ground plane is a must!

Attention should be given to decoupling the power supplies. A large value (10uF) tantalum in parallel with a small
value (0.1uF) chip capacitor works well in most cases.

Terminated micro-strip signal lines are recommended at the device’s input and output connections. Capacitance,
parasitic or planned, connected to the output must be minimized, or isolated as discussed in the next section.

Care must also be taken to minimize the capacitance to ground at the amplifier's inverting input (-IN), as this
capacitance causes gain peaking, pulse overshoot, and if large enough, instability. To reduce this capacitance, the
designer should remove the ground plane under traces connected to -IN, and keep connections to -IN as short as
possible.

An example of a good high frequency layout is shown in Figure 3.

L

Top Layer Bottom Layer
510 510 Vi
"AH
|
1] 8 omE  10mF
2 7THH——e 145V
50Q % i K e
IN 3 | 6]-e—— OUT
4 5—— V|
10m 0.1m :l GND
-5V GND
Schematic

Figure 3. Evaluation Board Schematic and Layout
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HS-1145RH Datasheet

4. Typical Performance Curves

VsuppLy = 35V, R = 510Q, T = 25°C, R = 100Q, Unless Otherwise Specified
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Figure 4. Small Signal Pulse Response
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Figure 6. Large Signal Bipolar Pulse Response
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Figure 8. Large Signal Positive Pulse Response
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Figure 5. Large Signal Positive Pulse Response
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Figure 7. Small Signal Pulse Response
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Figure 9. Large Signal Bipolar Pulse Response
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HS-1145RH Datasheet

VsuppLy = 35V, Rg = 510Q, Tp = 25°C, R = 100Q, Unless Otherwise Specified (Cont.)
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Figure 10. Small Signal Pulse Response Figure 11. Large Signal Positive Pulse Response
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Figure 12. Large Signal Bipolar Pulse Response Figure 13. Output Enable and Disable Response
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Figure 14. Frequency Response Figure 15. Frequency Response
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HS-1145RH Datasheet

VsuppLy = 35V, Rg = 510Q, Tp = 25°C, R = 100Q, Unless Otherwise Specified (Cont.)
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Figure 16. Frequency Response for Various Output Figure 17. Full Power Bandwidth
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Figure 18. Frequency Response for Various Load Figure 19. -3dB Bandwidth vs Temperature
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Figure 20. Gain Flatness Figure 21. Off Isolation
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VsuppLy = 35V, Rg = 510Q, Tp = 25°C, R = 100Q, Unless Otherwise Specified (Cont.)
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Figure 22. Reverse Isolation Figure 23. Enabled Output Impedance
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HS-1145RH Datasheet

VsuppLy = 35V, Rg = 510Q, Tp = 25°C, R = 100Q, Unless Otherwise Specified (Cont.)
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Figure 28. Input Noise Characteristics Figure 29. Supply Current vs Supply Voltage
5. Burn-In Circuit
HS-1145RH CERDIP
R2
AN
o
1 8
R1 |: :I D2
et B v
= 3 — I:IG C1 D1
V- 4 5]
D1 C1

Notes:

= R1=1kQ, +5% (Per Socket)

= R2 =10kQ, +5% (Per Socket)

= C1=0.01yF (Per Socket) or 0.1uF (Per Row) Minimum
= D1 =1N4002 or Equivalent (Per Board)

= D2 = 1N4002 or Equivalent (Per Socket)

= V+=+55V +0.5V

= V-=-55V 0.5V
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6. Irradiation Circuit
HS-1145RH CERDIP

R2
M

o V+

C1

IﬂLTzlL‘Jlﬂl
<HH

[]
s

Notes:

= R1=1kQ, 5%

= R2=10kQ, 5%
= C1=C2=0.01pF
= V+=+5.0V 0.5V
= V-=-5.0V 0.5V

7. Die and Assembly Characteristics

Table 2. Die and Assembly Related Information

Die Information

59 milsx59 milsx14 mils £1 mil

Dimension (1500umx1500um x483pum +25.4um)

Interface Materials

Type: Nitride

Glassivation Thickness: 4kA +0.5kA

Type: Metal 1: AICu(2%)/TiW
Thickness: Metal 1: 8kA +0.4kA
Type: Metal 2: AICu(2%)
Thickness: Metal 2: 16kA +0.8kA

Top Metallization

Substrate UHF-1, Bonded Wafer, DI

Assembly Information

Substrate Potential Floating (Recommend Connection to V-)

Additional Information

Transistor Count 75
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HS-1145RH Datasheet

7.1  Metallization Mask Layout

-IN

+IN

SRy Ropl I !
50749A01

V- Optional GND (See Note)

V+

ouT

DISABLE

Note: This pad is not bonded out on packaged units. Die users may set a GND reference, using this pad, to
ensure the TTL compatibility of the DIS input when using asymmetrical supplies (such as V+ = 10V, V- = 0V). See
the Application Information section for details.

8. Ordering Information

N/A

HS7B-1145RH/PROTOL!

N/A

Seal Package

SMD Ordering Internal Rad.ll_attlolr: Ha.rc.iness DPack.agtq.e Package | Carrier Temp.

Numberl'] Part Numberl2] (Total lonizing escription Drawing | Type Range
Dose) (RoHS Compliant)

5962F9683001VPC | HS7B-1145RH-Q HDR to 300krad(Si) 8 Lead Ceramic 55 to

Dual-In-Line Metal D8.3 Tray 125°C

1. SMD Ordering Note - Specifications for Rad Hard QML devices are controlled by the Defense Logistics Agency Land and Maritime (DLA).
The SMD numbers listed must be used when ordering.

2. These Pb-free Hermetic packaged products employ 100% Au plate - e4 termination finish, which is RoHS compliant and compatible with
both SnPb and Pb-free soldering operations.

3. The /PROTO part is not rated or certified for Total lonizing Dose (TID) or Single Event Effect (SEE) immunity. This part is intended for
engineering evaluation purposes only. The /PROTO part meets the electrical limits and conditions across temperature specified in the
DLA SMD and are in the same form and fit as the qualified device. This part type does not come with a Certificate of Conformance
because they are not DLA qualified devices.
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9. Revision History

Revision Date Description
Placed in the latest template.
Updated Feature bullet.
Added Pin Description table.
3.00 May 1, 2024 . .

Updated Ordering Information table.
Updated PC Board Layout section.
Added Revision history section.
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IMPORTANT NOTICE AND DISCLAIMER

RENESAS ELECTRONICS CORPORATION AND ITS SUBSIDIARIES (‘RENESAS”) PROVIDES TECHNICAL
SPECIFICATIONS AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING
REFERENCE DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND
OTHER RESOURCES “AS IS” AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS OR IMPLIED,
INCLUDING, WITHOUT LIMITATION, ANY IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A
PARTICULAR PURPOSE, OR NON-INFRINGEMENT OF THIRD-PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for developers who are designing with Renesas products. You are solely responsible for (1)
selecting the appropriate products for your application, (2) designing, validating, and testing your application, and (3)
ensuring your application meets applicable standards, and any other safety, security, or other requirements. These
resources are subject to change without notice. Renesas grants you permission to use these resources only to develop an
application that uses Renesas products. Other reproduction or use of these resources is strictly prohibited. No license is
granted to any other Renesas intellectual property or to any third-party intellectual property. Renesas disclaims
responsibility for, and you will fully indemnify Renesas and its representatives against, any claims, damages, costs, losses,
or liabilities arising from your use of these resources. Renesas' products are provided only subject to Renesas' Terms and
Conditions of Sale or other applicable terms agreed to in writing. No use of any Renesas resources expands or otherwise
alters any applicable warranties or warranty disclaimers for these products.

(Disclaimer Rev.1.01 Jan 2024)

Corporate Headquarters Contact Information

TOYOSU FORESIA, 3-2-24 Toyosu, For further information on a product, technology, the most
Koto-ku, Tokyo 135-0061, Japan up-to-date version of a document, or your nearest sales
www.renesas.com office, please visit www.renesas.com/contact-us/.
Trademarks

Renesas and the Renesas logo are trademarks of Renesas
Electronics Corporation. All trademarks and registered
trademarks are the property of their respective owners.

© 2024 Renesas Electronics Corporation. All rights reserved.


https://www.renesas.com/contact-us
https://www.renesas.com

	Features
	Applications
	Contents
	1. Pin Information
	1.1 Pin Assignments
	1.2 Pin Descriptions

	2. Application Information
	2.1 Optimum Feedback Resistor
	2.2 Non-Inverting Input Source Impedance
	2.3 DISABLE Input TTL Compatibility
	2.4 Optional GND Pad (Die Use Only) for TTL Compatibility
	2.5 Pulse Undershoot and Asymmetrical Slew Rates
	2.6 Driving Capacitive Loads

	3. PC Board Layout
	4. Typical Performance Curves
	5. Burn-In Circuit
	6. Irradiation Circuit
	7. Die and Assembly Characteristics
	7.1 Metallization Mask Layout

	8. Ordering Information
	9. Revision History

