
SECTION 8. 
LOW-VOLTAGE POWER SUPPLY (A3-A6) 

8.1 DESCRIPTION 

The Low-Voltage Power Supply consists of four 
boards: 1) Battery Charger board (A3), 2) Control 
board (A4), 3) Output board (A5), and 4) Switcher 
board (A6). This power supply converts an ac or a de 
voltage input to the de voltages required to power the 
System Analyzer. In ac mode, the power supply oper
ates as an off-line, half-bridge converter for inputs of 
100 to 130 V ac or 200 to 260 Vac at 50 to 400 Hz. In de 
mode, the power supply operates as a push-pull con
verter for inputs of 11 to 19 Vdc. 

When connected to an ac power source, the unit 
automatically switches to the ac operating mode. The 
Battery Charger is included in this power supply for 
charging the optional external battery pack. A standby 
mode allows the operator to shut off power to all mod
ules in the System Analyzer except the OCXO/TCXO 
and the Battery Charger. 

The Low-Voltage Power Supply contains protec
tion circuitry that will shut down or lock out the power 
supply for the following conditions: 1) a power-supply 
short circuit, 2) high and low input voltages, and 3) 
high internal temperatures. 

A block diagram of the Low-Voltage Power Supply 
is shown at the end of this section in Figure 8-1. 

8.2 THEORY OF OPERATION 

8.2.1 BATTERY CHARGER BOARD (A3) 

8.2.1.1 General 

The Battery Charger board contains the rectifier 
circuitry for the ac off-line switching power supply and 
part of the input filtering. A line transformer supplies 
the external battery pack with charging voltage, sup
plies bias voltage to the control circuitry for the power 
supply, and powers the 10-MHz Frequency-Standard 
Interface board (A16). A separate -5V regulator for 
the RF Synthesizer module (A9) is also included, along 
with a 6.2V zener diode (VR3) that provides an outer 
voltage clamp on the +5V output line of the Low
Voltage Power Supply. 

A schematic of the Battery Charger board is shown 
at the end of this section in Figure 8-2, the printed 
wiring board and parts list in Figure 8-3, and the 
assembly and parts list in Figure 8-4. 
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8.2.1.2 Rectifier/Doubler 

The bridge rectifier (BRl) and the filter capacitors 
(Cl, C2, C5, and C6) rectify and filter the raw ac input 
to a de output on the V c + and V c - lines. Some of the 
filter capacitors are on the A3 board; the rest (C3, C4, 
Cl2, and C13) are on the Switcher board (A6). A nom
inal 230-Vac input uses the AC INPUT and 220 
RETURN lines, which are connected to the inputs of 
the bridge rectifier. The bridge rectifier provides full
wave rectification of the ac input, and the filter capac
itors filter the signal to a nominal level of 325 V de. For 
a nominal 115-Vac input, half of the bridge rectifier is 
used (the AC INPUT line) in conjunction with the fil
ter capacitors (the 110 RETURN line) to provide a 
full-wave voltage doubler. The voltage doubler then 
produces a nominal 325-V de output. Thermistors RTl 
and RT2 limit the initial in-rush current to the filter 
capacitors. 

8.2.1.3 Line Transformer 

The line transformer (Tl) has two primary wind
ings and a single, center-tapped secondary. The two 
primary windings are switched on the System Moth
erboard (A19) by the 110/220 switch - in series for 
220V operation and in parallel for ll0V operation. This 
provides the same voltage on the secondary winding for 
operation at inputs of both 110 and 220 Vac. The sec
ondary winding provides two outputs. One output, AC 
VOLTAGE SENSE/BATTERY CHARGER, is full
wave rectified by bridge rectifier BR2 and filtered by 
capacitor C4 to a level of 27 to 35 V de. The other out
put, FREQUENCY STANDARD SUPPLY, is half
wave rectified by CR8 and filtered by capacitor C3 to 
a level of 15 to 16 Vdc. 

8.2.1.4 Battery Charger 

The Battery Charger circuitry is selected by the 
POWER ON line coming from the front panel. A no
connect on the POWER ON line will turn transistor 
Q2 on, which enables transistor QL Transistor Ql is 
biased for constant current operation (1.2A) by resis
tor R7 and diodes CR5, CR6, and CR7. 

8.2.2 CONTROL BOARD (A4) 

8.2.2.1 General 

The Control board controls, protects, and regulates 
the System Analyzer's Low-Voltage Power Supply. On 



the Control board are the error amplifier, the pulse
width modulator, and the Switcher drive-circuitry 
portion of the converter's regulation control loop. 
There is also a pulse-width modulator which drives the 
switching transistor for the High-Voltage Power Sup
ply. The Control board protects the converter with 
lockouts under four conditions: output overvoltage, 
input ac and de under/overvoltage, output overload or 
short-circuit, and high internal temperatures. 

A block diagram of the Control board is shown at the 
end of this section in Figure 8-5, a schematic in Figure 
8-6, and the printed wiring board assembly and parts
list in Figure 8-7.

8.2.2.2 AC/DC Switch-Over 

The ac/dc switch-over section provides 1) the volt
age for the Control board, and 2) the switch-over cir
cuitry to change between ac and de operation. For de 
operation, the de input is connected to DC BUS input 
via the input filter (Cl, C2 and Ll) on the Switcher 
board. During switch-over, transistor Q2 is off, which 
means there is no AC VOLTAGE SENSE, which ena
bles transistors Ql and Q3. Q3 then energizes relay Kl 
on the Switcher board. This switches the de primary 
to the chopping transformer and disconnects the ac 
primary. Ql then switches the DC BUS through CR16 
to the FREQUENCY STD SUPPLY line and the 
voltage regulator (U9 and UlO). U9 and UlO supply 
power to Vs and VL on the Control board. For ac oper
ation, the FREQUENCY STD SUPPLY line supplies 
power to the two regulators, U9 and UlO. AC opera
tion overrides de operation through the AC VOLT
AGE SENSE line, which turns Q2 on and Q3 off. This 
pulls the RELAY ON line high, up to the DC BUS, 
causing relay Kl to switch the ac primary to the chop
ping transformer. 

8.2.2.3 Loop Filter 

The loop filter consists of a combination error 
amplifier/filter which controls the bandwidth and sta
bility of the control loop. The error amplifier com
pares the + 5V output with the reference voltage set 
by potentiometer R6. R6 is adjusted to provide a 
+5.2V output. The loop filter provides a 1-kHz, 3-dB
bandwidth.
8.2.2.4 Drivers and Control

The low-voltage driver and control section contains 
the pulse-width modulator, dead-time select, and ac/ 
de drivers. The error voltage from the loop filter is 
connected to the pulse-width modulator U2 for duty
cycle control of switchers. Pulse-width modulator U2 
provides two 40-kHz complementary outputs. RlO and 
C7 control the frequency. Dead time between the two 
complementary drive signals ensures that the two 
transistor switches (QI and Q2, or Q3 and Q4 on the 
A6 board) never turn on at the same time. The dead 

8-2

time is selected by Q6 via the DC BUS line for 0.5 µsec 
in the de mode (R63 and C7) and 2 µsec in the ac mode 
(R9 and C7). The complementary outputs are switched 
by U3 to either the ac drivers (U11) or the de drivers 
(U12). The driver-select circuitry (Q15 and U5) is con
trolled by the AC VOLTAGE SENSE line. U2 uses the 
timing capacitor (CS) to soft-start the power supply. 

8.2.2.5 Lockout for Output Overvoltage 

Output-overvoltage lockout protects modules and 
boards in the System Analyzer from high voltages on 
outputs of the Low-Voltage Power Supply. The+ 12V 
and -12V outputs are monitored by comparator U7. 
When it detects an overvoltage, this comparator will 
shut down the power supply via the input to the pulse
width modulator. The +5V output is protected against 
overvoltage by zener diode VR3 on the A3 board. The 
+ 33V and -5V outputs are protected by VRl and
VR2 on the A5 board.

8.2.2.6 Current-Limit Lockout 

The current-limit lockout is used to monitor the 
power the System Analyzer draws from the power 
supply. This monitoring measures the instantaneous 
current in the switching transistors. In de mode, the 
switching current is measured by R20 (Sm V / A) on the 
Switcher board and then compared by U6B to a de 
reference, thus providing a current limit of 25A. In ac 
mode, the switching current is monitored by Tl 
(100/1 turns ratio) on the Output board. The signals 
AC CURRENT SENSE and AC CURRENT SENSE 
are full-wave rectified by CR5-CR8, which are loaded 
with 100 ohms by R29. The resulting voltage is 1 V /A 
of the de switching current. U6A compares this volt
age to a de reference, providing a current limit of 1.5A. 
When the current limit is exceeded, U6A sets the cur
rent-limit latch (U84), shutting down the power sup
ply via the shut-down pin on U2. The current latch is 
reset by toggling the POWER switch on the front 
panel. 

8.2.2.7 Lockout for Input Over/Undervoltage 

For voltages outside the specified input range of 100 
to 130 Vac, 200 to 260 Vac, or 11 to 19 V de, the circuit
ry for over/undervoltage lockout shuts down the power 
supply via the soft-start pin on U2. Lockout of ac and 
de input undervoltage uses the same circuitry. The ac 
input voltage is monitored via the FREQUENCY STD 
SUPPLY line, and the de input voltage is monitored 
via the DC BUS line. When the output of U9 drops 
below 8.2V, the zener diode VR4 will drop out, turning 
Q4 off. This will allow CR19 to turn Q5 on, causing the 
power supply to shut down via the soft-start pin on U2. 
When the DC IN line goes above 19V, VR3 will zener, 
turning Q5 on. For ac overvoltage, the AC VOLTAGE 
SENSE signal is divided by R30 and Rl and then 



compared by U6D to a de reference. When an overvol
tage occurs, the output of U6D will shut down the sup
ply via the soft-start. 

8.2.2.8 Lockout for High Internal Temperature 

When the internal temperature of the power supply 
rises above 85°C, switch SI will close, shutting down 
the power supply via the soft-start on U2. 

8.2.2.9 High-Voltage Driver 

The oscillator output of the pulse-width modulator 
(U2) is fed to a divide-by-two frequency divider (U8B). 
This output is used to synchronize the constant duty 
cycle pulse-width modulator (U4) that drives the 
switching transistors for the High-Voltage Power 
Supply. This modulator operates at a constant duty 
cycle of 20 kHz, with a dead time of 2 µsec. R4 7 and 
C13 control the operating frequency, while R27 and 
C13 control the dead time. Modulator U4 provides 
± 5V complementary output, allowing more efficient 
drive of the switching transistors; this is because the 
bases are switched negative to sweep out the charge for 
turn-off. 

8.2.2.10 Control Logic Functions 

Table 8-1 shows the control logic functions for the 
A4 board. 

8.2.3 OUTPUT BOARD (A5) 

8.2.3.1 General 

The Output board contains the chopping trans
former, rectifiers and filters for the Low-Voltage Power 
Supply. The chopping transformer (Tl) has two pri
mary windings (one for ac and one for de operation) 
and a multiple-output secondary which provides ±5V, 
± 12V, ± ll0V, and +33V. Also included on this board 

is a current-sensing transformer (T2) for sensing pri
mary current on the ac off-line side of the chopping 
transformer. 

A schematic of the Output board is shown at the end 
of this section in Figure 8-8, and the printed wiring 
board assembly and parts list in Figure 8-9. 

8.2.3.2 AC Operation 

During ac operation, the half-bridge switching tran
sistors (QI and Q2) on the Switcher board (A6) drive 
the chopping transformer via the XFMR AC DR and 
XFMR AC DR primary winding. The transistors drive 
current into and then out of the primary winding. To 
ensure that both QI and Q2 are off, dead time between 
these two transistors is important. Without dead time, 
there will be a short-circuit across the primary wind
ing. The rectified-average ac voltage at the primary 
winding is a nominal 87V. During ac operation, the 
primary current is monitored by the current-sensing 
transformer (T2). The ratio for the current-sensing 
transformation is 100 to 1, and the secondary is loaded 
with 100 ohms on the Control board (A4). This pro
duces a secondary output of 1 V / A of primary current 
in the chopping transformer. If the primary current in 
the chopping transformer rises above 1.5A (due to an 
excessive load or a short on the secondaries), the power 
supply will shut down. 

8.2.3.3 DC Operation 

During de operation, the push-pull switching tran
sistor (Q3 and Q4) on Switcher board A6 drives the 
chopping transformer via DC CENTER TAP, XFMR 
DC DR, and XFMR DC DR. This primary winding is 
center-tapped. A de voltage is applied to the center tap, 
and XFMR DC DR and XFMR DC DR are alter
nately pulled low by switching transistors. The nomi
nal de voltage at the DC CENTER TAP is 11.7 Vdc 
for an input of 12.0 Vdc. The primary current in de 
operation is monitored on Switcher board A6. 

Table 8-1. Control Logic Functions 

INPUTS OUTPUTS 

PWR ON PWR OFF AC DEAD PULSE AC DC AC DC RELAY 
VOLTAGE TIME WIDTH DRIVER DRIVER LED LED ON 

SENSE MODULATOR DRIVER DRIVER 

HIGH HIGH HIGH 2 µSEC OFF OFF OFF ON OFF HIGH 

HIGH HIGH LOW 0.5 µSEC OFF OFF OFF OFF ON LOW 

HIGH LOW HIGH 2 µSEC OFF OFF OFF ON OFF HIGH 

HIGH LOW LOW 0.5 µSEC OFF OFF OFF OFF OFF HIGH 

LOW HIGH HIGH 2 µSEC ON ON OFF ON OFF HIGH 

LOW HIGH LOW 0.5 µSEC ON OFF ON OFF ON LOW 

LOW LOW HIGH INVALID STATE 

LOW LOW LOW INVALID STATE 

36930-124 
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8.2.3.4 Outputs 

The secondary-winding outputs of the chopping 
transformer are all full-wave center-tapped rectified. 
Each of these outputs is filtered by an LC low-pass fil
ter. The output voltages are listed in Table 8-2. These 
voltages are specified when the +5V output is adjusted 
for 5.2V ± 1 percent. This adjustment is located at R6 
on Control board A4. The + 33V and -5V outputs are 
protected against overvoltage by this board's zener 
diodes, VRl and VR2. The + 5V output is protected 
against overvoltage by a zener diode (VR3) on the 
Battery Charger board (A3). The + 12V and -12V 
outputs are protected against overvoltage by a com
parator (U7) on the Control board, which shuts down 
the power supply when it detects an overvoltage. 

Table 8-2. Output Voltages 

Output Voltage (Volts) 

+5V

-5V

+12V

-12V

+33V

+uov

-llOV

8.2.4 SWITCHER BOARD (A6) 

8.2.4.1 General 

+5.2 ± E,,

-5.2 ± 5'.'i,

+12.4 ± 5�;,

-12.4 ± 5�;,

+31 ± 5�o

+110 ± 5 °,,

-110 ± 5'",,

The Switcher board contains the main switching 
transistors for the ac off-line and low-voltage de
switching converters. The A6 board also contains the 
de-input filter, which provides filtered de to the DC 
BUS, the DC CENTER TAP, and the ac/dc relay. 

A schematic of the Switcher board is shown at the 
end of this section in Figure 8-10, the printed wiring 
board assembly and parts list in Figure 8-11, and the 
assembly and parts list in Figure 8-12. 
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8.2.4.2 AC/DC Relay 

Relay Kl switches either the DC CENTER TAP 
signal to the de primary of the chopping transformer 
for de operation, or the XFMR DC DR signal to the ac 
primary for ac operation. For de operation, the de input 
is applied to voltage regulator Ul, which will energize 
relay Kl when the Control board's RELAY ON input 
line goes low. For ac operation, the RELAY ON line is 
either floating or pulled high, which disables regulator 
Ul and relay Kl. AC operation will always override de 
operation. 

8.2.4.3 DC Switches 

Field-effect transistors Q3 and Q4 are the de-oper
ation switches, connected in a push-pull configura
tion. These transistors are driven by complementl!!Yi_ 
pulse-width-modulated signals (DC DRIVE and DC 
DRIVE) coming from the Control board. The fre
quency of the signals is 40 kHz, with a dead time 
between the signals of greater than 0.5 µsec. The cur
rent being switched in the primary of the chopping 
transformer is monitored by resistor R20. 

8.2.4.4 AC Switches 

Field-effect transistors Ql and Q2 are the ac-oper
ation switches, connected in a half-bridge configura
tion. AC DRIVE and AC DRIVE, the complementary, 
pulse-width-modulated signals coming from the Con
trol board, drive the ac switches via transformer Tl. 
The frequency of the drive signal is 40 kHz, with a dead 
time of greater than 2 µsec. The rectified and filtered 
ac input, Ve+ and Ve-, is further filtered by LC fil
ters L2, C3, C12 and L3, C4, Cl3. This signal is con
nected to the ac switches. 

8.2.5 REAR PANEL 

The rear panel contains the ac line filter, the de and 
ac input fuse, the 110/220 switch, and the external de
input connector. The System Motherboard contains 
the line transient protectors, neon bulbs (NEl and 
NE2) and varistors (VRl and VR2). 
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