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The HP S1010A flat panel display is designed to be a plug-compatible
replacement for CRTs used with HP workstations. This compatibility is
provided by an interface board that uses the same analog signals that
drive the CRTs to create digital signals to drive a high-resolution,
high-performance LCD color display.
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Liquid crystal displays, or LCDs, are divided into two main classes: active and
passive matrix LCDs. Passive matrix displays scan each of the cells, or pixels,
sequentially. They are less complex and less expensive than active matrix de-
vices, but the addressing technique they use means that each cell is only driven
for a small fraction of the time. To maintain the image, the cells must hold their
state for a long time (analogous to long decay phosphors in a slow-scan CRT).
The disadvantage is that the response time of the display is slowed, which leads
to ghosting on rapidly changing images, such as when the cursor is moved.

Active matrix displays have circuitry associated with each cell. The usual tech-
nique for building active matrix LCD circuits is to use a thin film of silicon grown on
the display glass. This technique is known as thin-film transistor, or TFT. This type
of LCD can be thought of as a big dynamic RAM, with one cell for each pixel. The
RAM drives each liquid crystal cell continuously, and the RAM cells are refreshed
by scanning the display. This enables the liquid crystal cell to be faster, improving
response time dramatically. It also allows the display to have much higher resolu-
tion, since the drive time of each cell is not reduced by adding more cells. The
increased resolution makes it more practical to build a color display since a color
display has at least three times as many effective pixels as a monochrome display
(one red, one green, and one blue subpixel for each pixel).

LCDs offer a number of advantages over CRTs. Because they are fabricated with
a lithographic process, they offer excellent linearity, convergence, and purity. LCDs
have no electron beam, making them unsusceptible to magnetic fields. They have
lower power requirements (about 55W versus 100W for a comparable-size CRT).
Because conventional CRTs need to deflect an electron beam, they must have a
greater depth, and thus a larger footprint, than an LCD monitor. CRTs need to
accelerate the electron beam, which requires high voltages that are not necessary
for LCD monitors. Side effects of the high voltages include x-ray emissions and
potential electrostatic problems in some environments. Finally, LCD monitors don’t
need a heavy glass bottle to maintain a vacuum, so they weigh much less than
CRTs.
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Simplicity and elegance were the two main underlying objectives for the product
design of HP’s first standalone flat panel display monitor. Because of the high cost
and resolution of the display technology, the product design needed to radiate
innovation and quality. The use of many subtle curves gave the product a very soft
and sophisticated look and feel.

Other mechanical objectives were to design a small-footprint, yet stable package
with a wide tilt range and swivel, require no fan, be desktop or wall mountable, and
have built-in security and cable management features.

Simplicity
The design is made up of two assemblies: the chassis/display assembly which
houses the display module and control electronics, and the stand assembly which
provides structure and dynamic movements (see Fig. 1). The stand has no elec-
tronics and is detachable. The overall structure is C-shaped which helped to re-
duce the footprint by balancing the display over the stand and provided a wider tilt
range (Fig. 2). It also gave it an elegant, floating display look. An added benefit to
the C shape is that a keyboard can fit under the display portion to free up even
more desk space.

Because of the schedule and available engineering resources, simplicity was
taken seriously. A human factors study was completed giving the desired height,
tilt, and swivel ranges. However, designing individual height, tilt, and swivel

adjustment mechanisms would have taken more time and resources and
potentially resulted in a bulkier design. For simplicity, a fixed height with a wider tilt
range was decided upon that would meet most users’ needs. As for swivel, the
simple answer was: just slide it around. With the appropriate feet material, the
monitor is light enough to be easily swiveled and slid anywhere on the desk. For
thermal, size, and simplicity reasons, it was decided not to incorporate the power
supply and instead use an external power module (off the desk, out of sight).

Chassis/Display Assembly
This chassis/display assembly shown in Fig. 1a consists of the LCD module, the
interface printed circuit board, the power and brightness switch board, an alumi-
num chassis, a protective and conductive glass over the display, and cosmetic
plastic covers. An aluminum chassis (as opposed to steel) was chosen to reduce
weight and for EMI containment. The chassis contains a stainless-steel gasket to
provide EMI contacts around the video and power connectors. A steel bracket is
attached to the rear to provide a more rigid mounting location for the hinge and
stand assembly. The plastic middle and back covers are heatstaked to the metal
chassis. The printed circuit boards are snapped and then screwed into place. A
protective glass, which is conductive and provides EMI containment, is taped to
the display module metal housing. The display module is connected via cables to
the control board and then screwed to the chassis. The plastic front cover hooks at
the top on the middle cover and is then screwed underneath into the chassis. The

Fig. 1. The two assemblies that make up the product design for the HP S1010A flat panel
display. (a) The chassis/display assembly. (b)The stand assembly.
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Fig. 2. The tilt range of the flat panel display.

(a) (b)

assembly weighs approximately 6 lb (2.7 kg) with the LCD module weighing ap-
proximately 3 lb (1.4 kg).

The Stand Assembly
To provide a stable base for the display assembly, the stand was designed out of
heavy sheet steel with a counterbalancing shape (Fig. 1b). The stand assembly
includes a custom steel friction hinge, a stainless-steel security loop, and cosmetic
plastic covers. The security loop snaps into the metal stand. The plastic front
cover is heatstaked to the metal stand. The plastic hinge covers are screwed to
the hinge shaft. The hinge assembly is screwed to the stand. The plastic back
cover, which incorporates a cable management recess, is hooked at the bottom
into the front cover and rotates and snaps at the top into the front cover.

Final Assembly
The stand assembly is mounted to the display assembly via two screws. To ex-
pose the mounting holes, the back stand cover is snapped off and the hinge shaft
is aligned with the chassis mounting bracket and secured with two screws. Fig. 3
shows different views of the final assembly of the display.

Conclusion
As a testimony to our adherence to the original design goals of simplicity and
elegance, the product has won two major design awards: Design Zentrum Red Dot
for High Design Quality (Germany 1994) and The Industrial Design Excellence
Award-Gold 1994 (United States), featured in the June 6, 1994 issue of Business
Week.

Fig. 3. Different views of the HP S1010A flat panel display.
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*The LCD requires its VSYNC signal to last for four horizontal line times.
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Video RAMs, or VRAMs, are a variety of two-port dynamic RAM. They are de-
signed to work well in graphics and video applications. The main port allows ran-
dom access to any cell of the RAM. The other port consists of shift registers that
are controlled by an independent clock. In the HP S1010A, the random port runs in
the video input clock domain, and the serial port runs in the flat panel clock do-
main.

A data transfer operation loads the shift registers with data from the RAM array.
The shift registers can be treated as two semi-independent halves, so that one half
can be loaded without interfering with the data being shifted out of the other half.
This provides more flexibility, since a data transfer operation (called a split data
transfer in this case) can happen at any time while the other half is active, and
transfers can be arranged so that there will be no interruption in the data flow out
of the shift registers. The VRAM provides a signal called qsf to indicate which half
of the shift register is active. When the data in the active half of the shift register is
exhausted, qsf toggles, and the other half becomes active. This signals the HP
S1010A’s control logic that it’s time to get ready for another split data transfer.
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