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1. Description
1.1 OVERVIEW
The Z-coil and RF loop assembly consists of a magnetic field coil used to transport atoms
vertically to the atom chip in a RuBECi® cell, and a RF loop for evaporatively cooling atoms
trapped with the atom chip. The two components are bolted onto a frame that slides up and
down the coil rails that are shipped with every RuBECi cell (see Figure 1).

Figure 1: Photograph of the Z-coil and RF loop assembly.
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Figure 2: Photograph of the Z-coil mounted on the coil rails, and its position relative to the
atom chip. Not shown are the 3D coil assembly and flex wires that connect to the atom chip.

2. Z-Coil Operation
The Z-coil consists of 36 windings of 24 AWG solid copper wire that are orientated in six layers
with six windings per layer (see Figure 1). On the top and bottom, the windings are oriented in a
“Z” configuration similar to the layout of the traces on the atom chip. The Z-coil is mounted so
that the bottom side rests approximately 1 mm above the silicon backing disc that is affixed to
the ambient side of the atom chip at the top of a RuBECi cell (see Figure 2).

2.1 PRINCIPLE OF OPERATION
The Z-coil is used to create a Ioffe-Pritchard (IP) magnetic trap 1.5 cm below the vacuum side of
the atom chip, which is the approximate location of the center of the 3D MOT chamber
(equivalently, this is approximately 1.7 cm below the bottom face of the mounted Z-coil).
Atoms trapped in a 3D MOT in the center of the upper chamber are loaded into the IP trap by
simultaneously turning off the MOT and driving the Z-coil with a current up to 20 A. Note that
by itself, the Z-coil does not create a magnetic trap. To create an IP trap, a bias field of a few
tens of gauss is needed. The resulting IP trap has a depth between 20 and 40 G and a minimum
field of a few gauss, depending on the actual values of the Z-coil current and bias fields.
The location of the trap center below the coil scales linearly with Z-coil current. To transport the
atoms vertically, th3 Z-coil current is decreased. To prevent atom sloshing during transport, the
duration of the ramp should be at least 0.2 s. More details on experimentally verified current
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Figure 3: Top (left) and bottom (right) view of the Z-coil. The assembly can be mounted upside down to change
the sense of the "Z."

ramps can be found in References [1] and [2]. These references also contain information on how
to transfer the atoms from the Z-coil IP trap to the atom chip IP trap.

2.2 Z-COIL ORIENTATION
Since the Z-coil and atom chip
both use electrical conductors
oriented in a “Z” configuration, a
bias field is needed to create an IP
trap with both the Z-coil and atom
chip. To ensure that the bias field
points in the same direction when
transferring atoms from the Z-coil
IP trap to the atom chip IP trap,
the
senses
of
the
“Z”
configurations should be the same
(i.e. the legs of the Z-coil and
atom chip Z-trap must point in the
same direction). The sense of the
chip Z-trap can be easily changed
by running current through
different legs of the chip
conductors, while the sense of the
Z-coil can be reversed by
unbolting the Z-coil from its
frame and flipping it upside-down
(see Figure 3). When the sense of
the Z-coil is reversed, the RF loop

Figure 4: When mounted in the orientation shown in Figure 3, a
positive current creates a magnetic field underneath the coil that
points in the +y direction (away from the front of the banana
jacks). For simplicity, the RF loop is not shown.
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Figure 5: Top view of the installed Z-coil assembly. The assembly bolts onto the four coil rails via four set
screws and rests above the breakout board and 3D coil assembly.

will need to be removed from the frame and re-affixed to the opposite end of the Z-coil. Please
contact ColdQuanta for more information about this procedure.
The Z-coil is shipped in the configuration shown in Figure 3. As detailed in Figure 4, a positive
current – defined as flowing from the red banana jack to the black banana jack – flows in the +x
direction at the bottom-center of the coil (as indicated by the red arrow in Figure 4). Underneath
the center of the coil, the magnetic field points in the +y direction; a trap is formed by adding a
bias field that points primarily in the –y direction. Adding a smaller bias field in the x direction
creates a IP trap.

2.3 MOUNTING THE ASSEMBLY
The Z-coil is mounted in a frame that slides onto the four coil rails that surround the 3D MOT
chamber of the RuBECi cell (see Figure 5). The assembly bolts onto the rails with four set
screws, and is positioned above the 3D coil assembly and breakout board. The assembly should
be bolted in place such that there is a 1 mm gap between the bottom of the Z-coil and the top of
the silicon backing disc located on the ambient side of the atom chip (see Figure 2).

2.4 DRIVING THE Z-COIL
The Z-coil has a resistance of approximately 0.7 Ω and an inductance of approximately 110 µH.
To drive 20 A through the coil therefore requires a current source with a compliance voltage of
at least 14 V, although a higher voltage will likely be needed to overcome resistive losses along
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the cable connecting the Z-coil to the current source. The Z-coil is electrically connected to the
banana jacks on the mounting frame (see Figure 1).
Since the Z-coil is inductive, the maximum rate at which current can be driven through the coil is
determined by Faraday’s law:
𝑑𝑑𝑑𝑑
𝑉𝑉
=− ,
𝑑𝑑𝑑𝑑
𝐿𝐿

where the compliance voltage 𝑉𝑉 is the maximum voltage applied to the coil, and 𝐿𝐿 is the coil
inductance. Ignoring voltage drops across the supply cables, the shortest time Δ𝑡𝑡 that the coil
can transition from 0 to 20 A is therefore
Δ𝑡𝑡 = −

For a compliance voltage of 15 V, Δ𝑡𝑡 = 200 µs.
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3. RF Loop Operation
Attached to the bottom of the assembly is a RF loop for implementing evaporative cooling of
chip-trapped atoms (see Figure 1). Typically, RF frequencies between 1 and 40 MHz are used,
and RF powers are typically less than 1 W (into a 50 Ω load). Frequency and power ramps that
have been used to successfully create Bose-Einstein condensates can be found in References [1]
and [2].
At these frequencies, the impedance of the coil is significantly less than 50 Ω. To ensure proper
impedance matching, and therefore that maximum current is delivered to the loop by the RF
power amplifier, we recommend that a 50 Ω resistor be inserted in series with the loop. We also
recommend using a network analyzer to verify that the impedance is close to 50 Ω in the desired
frequency range.
The RF loop is connected to the MCX connector on the assembly frame via an RG-174 coaxial
cable (see Figure 1). A MCX cable is included with delivery of the coil for connecting the
system to an RF source.
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5. Limited Warranty
1. Definitions
a) “Delivery” means standard ColdQuanta shipping to and arrival at the receiving area at the
“Ship To” address specified in Customer’s Order.
b) “Exhibits” means attachments that describe or otherwise apply to the sale of Products.
c) “Products” means hardware, documentation, accessories, supplies, parts and upgrades that are
determined by ColdQuanta to be available from ColdQuanta upon receipt of Customer’s
Order. “Custom Products” means Products modified, designed or manufactured to meet
Customer requirements.
d) “Specifications” means specific technical information about ColdQuanta Products that has
been delivered by ColdQuanta to the Customer with Customer’s Order.
e) “Support” means hardware maintenance and repair; training; and other standard support
services provided by ColdQuanta. “Custom Support” means any agreed nonstandard support,
including consulting and custom project services.
2. Limited Warranty
a) ColdQuanta warrants ColdQuanta hardware Products against defects in materials and
workmanship for a period of one year from the delivery date.
b) ColdQuanta does not warrant that the operation of Products will be uninterrupted or error free.
c) If ColdQuanta receives notice of defects, ColdQuanta will, at its option, repair or replace the
affected Products. If ColdQuanta is unable, within a reasonable time, to repair, replace or
correct a defect or non-conformance in a Product to a condition as warranted, Customer will
be entitled to a prorated refund of the purchase price upon prompt return of the Product to
ColdQuanta. Such refunded amount will be prorated based on a four-year straight line
depreciation schedule. Customer will pay expenses for return of such Products to ColdQuanta.
ColdQuanta will pay expenses for shipment of repaired or replacement Products.
d) ColdQuanta warrants that ColdQuanta Support will be provided in a professional and
workmanlike manner. Some newly manufactured ColdQuanta Products may contain and
ColdQuanta Support may use remanufactured parts that are equivalent to new in performance.
e) The above warranties do not apply to defects resulting from:
(i) improper or inadequate maintenance by Customer;
(ii) customer or third party supplies;
(iii) unauthorized modification;
(iv) improper use or operation outside of the Specifications for the Product;
(v) abuse, negligence, accident, loss or damage in transit;
(vi) improper site preparation; or
(vii) unauthorized maintenance or repair.
f) THE ABOVE WARRANTIES ARE EXCLUSIVE AND NO OTHER WARRANTY,
WHETHER WRITTEN OR ORAL, IS EXPRESSED OR IMPLIED. TO THE EXTENT
PERMITTED BY LAW, COLDQUANTA SPECIFICALLY DISCLAIMS THE IMPLIED
WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE,
TITLE, AND NONINFRINGEMENT.
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