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Massive multiple input, multiple output (M-MIMO) radios have seen their 
popularity surge in the late stage deployment of 4G LTE cellular base sta-
tions, particularly in dense urban areas where small cells effectively filled 
the cellular coverage voids while boosting higher data speed services. The 
success of this architecture clearly proved its worth. It is poised to be the 
architecture of choice for nascent 5G network radios, as required spectral 
efficiency and transmission reliability characteristics are inherent to this archi-
tecture. The challenge to making 5G a reality is that designers must vastly 
increase the number of simultaneous transceiver channels operating in 
multiple bands, while also squeezing all the necessary hardware into a form 
factor that is as large as or smaller than in the previous generation’s equipment. 

The implications of doing so are:

 X More channels means higher concentrated RF power in and around the 
base station, so the problem of isolation between channels without 
mutual interference is exacerbated.

 X Receiver front-end components must have improved dynamic range perfor-
mance in order to remain robust in the presence of high power signals. 

 X Solution size matters.
 X Thermal management must be addressed with the increased electronics’ 

and transmitters’ power.

In this quest for higher data rates to support a variety of wireless services 
and different transmission schemes, system designers face higher circuit 
complexity but must meet similar budgets for size, power, and cost. Adding 
more transceiver channels in a base station tower yields higher through put, 
but utilizing each channel at a higher RF power level is equally essential  
for keeping system complexity and cost at acceptable levels. For higher  
RF power, hardware designers do not have many alternatives in their RF 
front-end design but to rely on legacy solutions that need high bias power 
and complex peripheral circuits, which makes achieving design goals  
more difficult.

Analog Devices recently introduced an integrated high power switch with 
a low noise amplifier (LNA) in multichip modules for time division duplex 
(TDD) systems. The ADRF5545A/ADRF5547/ADRF5549 family covers 
cellular bands from 1.8 GHz to 5.3 GHz and it is optimally designed for 

M-MIMO antenna interfaces. Incorporating a high power switch in silicon 
process and a high performance low noise amplifier in GaAs process, this 
new family of devices offers high RF power handling capability together 
with high integration without any compromise—meaning it’s the best of 
both worlds. 

Dual-Channel Architecture
An ADRF5545A/ADRF5547/ADRF5549 application block diagram for a 
M-MIMO RF front-end design is shown in Figure 1. The device has channels 
that incorporate a high power switch followed by a two stage LNA. During 
receive mode operation of the transceiver, the switch routes the input signal to 
the LNA input. During transmit mode, the input is routed to a 50 Ω termina-
tion to ensure proper matching to the antenna interface and to isolate the 
LNA from any reflected power from the antenna. The integrated dual-channel 
architecture allows designers to easily scale their MIMO to exceed the legacy 
equipment’s limit of 8 × 8 (8 transmitter × 8 receiver) configurations—to  
16 × 16, 32 × 32, 64 × 64, and beyond. 
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Figure 1. M-MIMO RF front-end block diagram.
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Precision Ultra Low Power 
High-Side Current Sense
Catherine Chang , Applications Engineer  

Introduction
Precision high-side measurement of microamp currents requires 
a small value sense resistor and a low offset voltage amplifier. 
The LTC2063 zero-drift amplifier has a maximum input offset volt-
age of just 5 µV and draws just 1.4 µA, making it a great choice for 
building a complete ultra low power, precision high-side current 
sense circuit, as shown in Figure 1.

This circuit uses only 2.3 µA to 280 µA of supply current to sense currents 
over a wide 100 µA to 250 mA dynamic range. The exceptionally low offset 
of the LTC2063 allows this circuit to work with only 100 mΩ of shunt resis-
tance, limiting the maximum shunt voltage to only 25 mV. This minimizes 
power loss on the shunt resistor and maximizes power available to the load. 
The LTC2063’s rail-to-rail input allows this circuit to operate with very small 
load current where input common mode is almost at the rail. The integrated 
EMI filter of the LTC2063 protects it from RF interference in noisy conditions.

The voltage output of this circuit for a given sense current is:

 VOUT = ISENSE = 10 ×  ISENSE

ROUT ×  RSENSE

RIN

 

Zero Point
A critical specification for a current sense solution is the zero point, or 
equivalent error current, at the input for the output produced when no sense 
current is present. The zero point is generally determined by the input offset 
voltage of the amplifier divided by RSENSE. The LTC2063’s low input offset 
voltage of typical 1 µV, maximum 5 µV, and low typical input bias and offset 
currents of 1 pA to 3 pA, allow for a zero point input-referred error current of 
only 10 µA (1 µV/0.1 Ω) typically, or 50 µA (5 µV/0.1 Ω) maximum. This low error 
allows the sense circuit to maintain its linearity down to the lowest current 

in its specified range (100 µA), without plateauing due to loss of resolution, as 
seen in Figure 2. The resulting input current to output voltage plot is linear  
over the entire current sense range.

Another source of zero-point error is the output PMOS’s zero-gate voltage 
drain current, or IDSS, a parasitic current that is present for nonzero VDS when 
the PMOS is nominally turned off (|VGS| = 0). A MOSFET with high IDSS leakage 
will produce a nonzero positive VOUT with no ISENSE.

The transistor used in this design, Infineon’s BSP322P, has an upper-bound 
IDSS of 1 µA at |VDS| = 100 V. As a good estimate for the typical IDSS of the 
BSP322P in this application, at room temperature, with VDS = –7.6 V, IDSS 
is only 0.2 nA, resulting in just 1 µV error output, or equivalent 100 nA 
input current error, when measuring 0 A input current.

Figure 1. Precision high-side current sense circuit based on the LTC2063 zero-drift amplifier.
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Figure 2. No plateau at the low end, down to 100 µA ISENSE.
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Der ADHV4702-1,  
ein Präzisions-Operationsverstärker für 
Spannungen von 24 V bis 220 V
Yihang Yang, Applications Engineer

Einführung
Der ADHV4702-1 ist ein für hohe Spannungen bis 220 V geeigneter Präzisions-Opera-
tionsverstärker, der auch bei einer Verstärkung von Eins stabil arbeitet. Dank einer 
neuen Generation proprietärer Halbleiterprozesse und der innovativen Architektur 
von Analog Devices kann dieser Präzisions-Operationsverstärker an symmetrischen 
bipolaren Versorgungsspannungen bis zu ±110 V oder an einer unipolaren Versor-
gungsspannung von 220 V betrieben werden.

Branchenweit erster Präzisions-Operations
verstärker für Spannungen bis 220 V
Der ADHV4702-1 bietet eine typische Leerlaufverstärkung (AOL = open-loop gain) von 
170 dB, eine typische Gleichtaktunterdrückung (CMRR) von 160 dB, eine maximale 
Drift der Eingangs-Offsetspannung (VOS) von 2 µV/°C und ein Eingangs-Spannungs-
rauschen von 8 nV/√Hz. Die ausgezeichnete statische Genauigkeit des ADHV4702-1 
wird durch hervorragende dynamische Eigenschaften ergänzt, zu denen eine Klein
signal-Bandbreite von 10 MHz und eine Anstiegsgeschwindigkeit von 74 V/µs gehö-
ren. Der typische Ausgangsstrom des ADHV4702-1 beträgt 20 mA. Hinzu kommen 
besondere Eigenschaften wie eine einstellbare Stromaufnahme, Slew-Boosting- 
Schaltungen und eine flexibel wählbare Exposed-Pad-Biasspannung, was diesen 
Baustein zur idealen Hochspannungs-Lösung für ein weites Anwendungsfeld macht. 

 

Bild 1: Spannungshub des ADHV4702-1 am Ausgang mit der entsprechenden Test-
schaltung

Anwendungen
Als erster Verstärker auf dem Markt zeichnet sich der ADHV4702-1 bei kleinen Ab-
messungen durch die Eignung für hohe Spannungen sowie durch hohe Genauigkeit 
aus. Mit dem ADHV4702-1 lassen sich schwierige Design-Herausforderungen bewäl-
tigen, und er eignet sich für unterschiedlichste Einsatzfelder wie etwa ATE-Systeme, 
Life-Science-Applikationen sowie Lidar- und Healthcare-Anwendungen. In ATE-An-
wendungen kann der Baustein zur Messung des High-Side-Stroms und zum Erzeugen 
präzise geregelter Versorgungsspannungen genutzt werden. Im Life-Science-Bereich 
lassen sich mit ihm präzise, hohe Steuerspannungen für Massenspektrometriesyste-
me herstellen. In Lidar-Anwendungen wiederum kann der ADHV4702-1 zur präzisen 
Regelung der APD-Vorspannung verwendet werden, während er in Healthcare-Appli-
kationen zur exakten Regelung des Bias-Punkts von Silizium-Photomultipliern genutzt 
werden kann. 

 

7 mm × 7 mm großes LFCS-12-Gehäuse erfüllt die 
Abstandsvorgaben der Norm IEC 61010-1
Der ADHV4702-1 wird in einem 7 mm × 7 mm messenden LFCSP-Gehäuse (Lead Fra-
me Chip Scale Package) mit exponiertem Pad und 12 Anschlüssen angeboten, das die 
in der IEC-Norm 61010-1 angegebenen Vorgaben für Luft- und Kriechstrecken einhält. 
Das Gehäuse bewirkt eine deutliche Reduzierung der Lösungsabmessungen und ver-
einfacht die Systemarchitekturen, weil ergänzende Bauelemente wie etwa Gleich-
spannungswandler und potenzialfreie Stromversorgungen entfallen können. 

 

Bild 2: Genauigkeits-Eigenschaften des ADHV4702-1
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Bild 3: Blockschaltbild des ADHV4702-1

 

Bild 4: Anschlussbelegung des ADHV4702-1
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Figure 3. ADHV4702-1 functional block diagram.
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Notes:
1. Reserved. These pins are internally connected.
    Float or tie these pins to the digital ground.
2. Exposed thermal pad. No internal electrical
    connection. Tie EPAD to external ground plane
    and/or heat sink for thermal management.

ADHV4702-1

IN
–

Figure 4. ADHV4702-1 pin configuration.
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