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LTCC-based transformer design for output stage of
differential RF power amplifiers
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Abstract

In this paper, a Radio Frequency (RF) transformer (TF) based on LTCC (Low Temperature Co-fired Ceramic) for
the output stage of differential power amplifiers is presented. Instead of using an usual L-C matching circuit, a
small-sized transformer was implemented on the LTCC board and the results were verified through simulation. For
reduced size and better performance, a TF using more metal layers was implemented and compared with the
existing TF through simulation. As a result of comparison, the proposed TF has an area reduced by 55% and a
coupling coefficient increased by 25%, and insertion loss improvement of about 0.4dB at 5GHz was confirmed.
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Fig. 1. Block diagram of a differential power amplifier.
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Layer Material Er Conductor Via Thickness
L1 Ag 15um
LTCC 6.2 l Via1-2 50um
L2 Ag 10um
LTCC 6.2 l Via2-3 50um
L3 Ag 10um
LTCC 6.2 l Via3-4 50um
L4 Ag 10um
LTCC 6.2 l Via4-5 50um
L5 Ag 10um
LTCC 6.2 . Via5-6 50um
L6 Ag 10um
LTCC 6.2 l Via6-7 50um
L7 Ag 10um
LTCC 6.2 l Via7-8 50um
L8 Ag 10um

Fig. 3. LTCC substrate model.
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Fig. 4. 3D layout of designed transformer.
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Table 1. Parameter values of designed transformer.
H 1. g/gt EHARNO| Tf2|0|E] Z}

Parameter Value
Lp (nH) 0.457
Ls (nH) 1.200
M (nH) 0.420

k 0.567
Qp 55.675
Qs 55.823

Rp (ohm) 0.284

Rs (ohm) 0.743
N 1.620
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Fig. 5. Designed transformer by 5 layers.
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Table 2. A comparison of parameter values.
E 2 IoEOHZ H

Parameter 3-layer TF 5-layer TF
Lp (nH) 0.46 1.45
Ls (nH) 1.20 3.72
M (nH) 0.42 1.64
k 0.57 0.71
Qp 55.68 33.84
Qs 55.82 30.30
Rp (ohm) 0.28 1.48
Rs (ohm) 0.74 4.24
N 1.62 1.60

Fig. 6. Size comparison of two transformers.
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Fig. 7. Method to extract insertion loss.
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