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Abstract
An implantable system-on-a-chip (SoC) capable of drug delivery within a living person that has shown potential for

improving the effectiveness of drug therapy through precision control is proposed.

This implantable CMOS SoC features monolithic integration of a wireless controller/actuation circuitry and a
drug delivery array and is the first one of its kind. By releasing drugs such as nonapeptide leuprolide acetate or
nitroglycerin, the SoC could be used for applications such as the localized diagnosis and therapy of cancers or
providing immediate treatment for heart attack victims. The system can be implanted through minimally invasive
surgery. Its wireless capability enables doctors to make non-invasive therapy modification. The proposed SoC offers
lower system cost, smaller device size and lower power consumption than existing technologies. The device is

realized in standard 0.35-micron CMOS technology with a die size of 1.77mm x 1.4mm.

Drug reservoirs within the device are fabricated by CMOS-compatible post-IC processing and addressable by an on-
chip microcontroller. An on-off-keying (OOK) wireless circuit is also integrated in the same die for receiving external
commands. Drugs are released into the body by the rupturing of membranes covering the drug reservoir following

receipt of the wireless commands.

The metal membranes capping each reservoir are patterned on the array for directing electrical current to the
top of the membranes. The membranes—multiple layers of titanium and platinum—are realized by post-IC
photolithography and lift-off processes while the cavities for reservoirs are formed by CMOS compatible post-IC
deep dry etching from the backside of the die. The die photo is shown in Figure.1. Note that titanium and platinum
are CMOS compatible, having been used in standard CMOS process for metal silicides or diffusion barrier. The

materials are also biocompatible.

Figure 2 illustrates the architecture of the wireless drug delivery system. During operation, an external OOK
command signal in RS232 format is wirelessly transmitted to the SoC and then received and demodulated by the
OOK receiver. According to the demodulated command, the integrated MCU activates the selected drug cell by
applying current to its membrane through a switch, leading to the rupture of membrane and the release of drug.

The membrane failure which releases the drug occurs about 50 milliseconds after the activation current is applied.
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