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INTRODUCTION

The design of microsystems involves the integration of
MEMS, on chip custom integrated circuits, off chip
electronics, such as power supply chips, microcontrollers
and communication components. The integration 1s often
done at the printed circuit board (PCB) level.

This document will look at the power management
electronics used 1n these systems.
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MICROSYSTEM

Multi-Sensor MEMs Chip

Signal Conditioning

High-Performance, 16-bit
Digital Signal Controllers
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POWER CONDITIONING EXAMPLE

Microelectronic Engineering

Unregulated
9 to 24 volts DC
LM317M +5 Volts mic2950
Vout 1.2 to 37 Vout 3.3  —
500mA 150mA +3.3 Volts
Positive Voltage Positive Voltage
Regulator Regulator
MAX1044 | UCC384
Vin 151010 12O 1 Nour 33 L
Vout = ~ -Vin 100mA -3.3 Volts
Voltage Converter Negative Woltage
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‘ BASIC VOLTAGE REGULATOR \

. BJT or MOS

. Transistor Pass
Element .
>; I N I . ¥ >V0ut§
Unregulated ; B

Power Supply | + VX
(e.g. A‘-;I- Rpoad
transformer, | |
rectifier, e
capacitor filter)| -
| Vref ;
Vimtarimic gy Vout = Vref(1+R1/R2) /
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/
POWER SUPPLY COMPONENTS
Description Digikey Part Number |Package |~Price
POS Lin Regulator Variable LM317MBSTT3GOS |SOT-223 |$0.72
CT-ND
POS Lin Regulator 3.3 Volt 576-1151-ND 8-SOIC |$1.11
Voltage Converter CMOS SW-CAP | MAX1044CPA+-ND | 8-DIP $2.68
Wltage Converter CMOS SW-CAP | MAX1044CSA+-ND [ 8-SOIC |$3.26
NEG Lin Regulator 296-11417-5-ND 8-SOIC | $5.60

8-DIP
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VOLTAGE REGULATOR

Positive Voltage
Regulator
| LM317M
Vin —|  Vout 1.2 to 37 ~Vout
500mA % R1
| Vadj
R2

> Gnd

Vout = 1.25(1+R2/R1)

Note: see data sheets for LM317M-D.pdf
the reference 1s between Vout and Vadj
not between Vadj and ground.
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‘ VOLTAGE REGULATOR (Vref to Vout not to ground) \

N

Voltage Regulator

. BJT or MOS
. Transistor Pass
. Element
. |
T 4
Unregulated i | I >
Power Supply + VX _
(C.g. i V_;_ E RLoad
transformer, i
rectifier, | b g JEn]
capacitor filter)| L L
ot Erpiaiag Vout = Vref(1+R2/R1) /
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NEGATIVE VOLTAGE REGULATOR

Ucc2aq-5, UCC284-12, UCC284-ADJ, UCC384-5, UCC384-12, UCCI84-ADJ
LOW-DROPOUT 0.5-A NEGATIVE LINEAR REGULATOR

ELUSISD = JANUARY 2000 = REVEED FESRUARY 2000

functional bleck diagram

Vout = Vref(1+R1/R2)
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SWITCHED CAPACITOR VOLTAGE TRIPLER

°y

C1 — C2 | *V_IN OUT1OUT2 GND

When ¢1 is high switches put C1 and C2 in parallel with
Vdd. When 02 is high switches put C1, C2 and Vdd in

series, tripling the voltage to the load.
PR
Y \
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TWO PHASE NON OVERLAPPING CLOCK

voltage
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VERSION 2 OF TWO PHASE NON OVERLAPPING CLOCK

CLOCK
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WINSPICE SIMULATION FOR VERSION TWO
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WINSPICE SIMULATION FOR VERSION TWO + BUFFERS \

CLOCK
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LAYOUT FOR TWO PHASE CLOCK
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ANALOG SWITCHES

v

PMOS Zero
Vt=-1 |

_TT_

4L — V2
Il_s

NMOS
Vt=+1

+5

For current flowing to the right (ie V1>V2) the PMOS transistor will be on if V1 is greater than the
threshold voltage, the NMOS transistor will be on if V2 is <4 volts. If we are chargeing up a
capacitor load at node 2 to 5 volts, initially current will flow through NMOS and PMOS but once V2
gets above 4 volts the NMOS will be off. If we are trying to charge up V2 to V1 = +1 volt the PMOS
will never be on. A complementary situation occurs for current flow to the left. Single transistor
switches can be used if we are sure the Vgs will be more than the threshold voltage for the specific
circuit application. (or use larger voltages on the gates)
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(+Vito-V) ANALOG SWITCH WITH (0to 5 V) CONTROL
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SWITCHED CAPACITOR VOLTAGE CONVERTER
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MAX1044 VOLTAGE CONVERTER
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+_'ﬂ'-."'~ Vv
-

BOOST
e pin 1

=5
3z -
¥ & = CAP
pin £ = o pin 3 pin 4

Figure 2. Ideal Voltage Inverter
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Figure 4. MAXT044 and ICL 7660 Functional Diagrarm
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HOMEWORK - POWER CONDITIONING

1. Sketch a schematic showing battery, switches and
capacitors of the positive-to-negative switched capacitor
voltage converter.

2. Design a 6 volt regulator using a 741 op amp and a
BJT transistor.

3. Do a SPICE simulation of the two phase clock
version two with buffers shown in these lecture notes.
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