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Abstract

This report documents the production of the first Diode pumped chassis for use in AQO laser laboratory. It
will recount the tests conducted, the results, and the issues to be considered when producing the next
system for future use.
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Introduction

This report documents the installation and setup of the Diode Pumped Chassis that will replace the
current diode source inside AO laser laboratory. The configuration in AO laser lab currently uses two
diode drivers and two power supplies, however one diode driver should be sufficient to power up to 15
diodes. The diode pumped chassis will be used as the pump laser for two-pass and multi-pass diode
pumped amplifiers. The configuration is shown in Figure [1].

Multipass
Amplifier

Figure [2]: Animation of current diode pump for multi-pass amplifier.
The multi-pass amplifier is used to amplify the seed lasers pulses to tens of uJ, and the two-pass will

further amplify the signal to hundreds of pJ as it is directed towards the CsTe photocathode.

The primary difference between the current and new system is the use of one diode driver to power two
separate diodes in series. In addition, new parts were also introduced into the system including:

- 2 X 800um, 100 W, QCW Conduction cooled single bar fiber coupled modules
- 1 X High Power CW or Pulsed Laser diode driver
- 1 X DLM-600W Series M51A Option Isolated Analog Power supply

The expected performance specs of the system are an output of 100 W, a pulse width of 1 ms, and a 5 Hz
repetition rate. The parts are installed into a chassis which can be mounted on any standard rack unit.
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Design
Parts & Important Components

Top view.

VO \ ANALOG
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Figure [3]: Top view.

1. Diodes

Two 800 um, 100W, DCW Conduction Cooled Single Bar Fiber coupled Modules mounted beside an
aluminum heat sink. These diodes are paired in series and electrically isolated from the heat sink, to
disallow the chance of completely bypassing one or the other diode through the heat sink to chassis
ground.

2. AC Power Supply
3. Diode driver

High power CW or Pulsed Laser Diode Driver that outputs 20 Amps CW or 120 Amps pulsed, and
provides a pulse width to 1.0 ms".

! http://www.analogmodules.com/admincenter/datasheets/779a.pdf
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Figure [4]: High power CW or Pulsed Laser Diode Driver *
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DLM-600W Series M51A Option Isolated Analog Power supply, which provides a remote
programmable option through its DB25 connector with the following setup.
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Figure [5]%: Back panel

The DLM 600W power supply can be set to many different settings via the INTFC switches located on
the back panel of DLM600W unit. Each of the 8 switches corresponds to a different function. The
primary modes being utilized in A0 include: 0-10 V mode, low-logic external off control of the outputs,
voltage and current monitor. This is achieved by the positioning of the switches. Even though the primary
controls are the 0-10 V (position 1), voltage monitoring (position 4), and on/off control (position 6), the
complete list of functions is below:

2 http://www.mjlinc.com/data/file/productimgs/1299305075552189922212.jpg
® Back Panel. Figure 2-1 p. 2-3, Sorensen DLM 600W Series Power Supplies: M51A Option Isolated
Analog
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Table [1]*: INTFC Switches

Switch Position | Function OFF (Down) Position ON (Up) Position

1 V, 10V or 4-20mA Select 0-5vDC 0-10VDC or 4-20mA>®

2 I, 10V or 4-20mA Select 0-5vDC 0-10vDC or 4-20mA

3 OVP, 10V Select 0-5vDC 0-10vDC

4 VMON, 10V Select 0-5VDC or 4-20mA 0-10vDC®

5 IMON, 10V Select 0-5VDC or 4-20mA 0-10vDC

6 EXT-OFF, Active-Low Active-High Logic Active-Low Logic
Select Level Level’

7 LCK-OUT Enable Front Panel Lockout Front Panel

Controls
8 Not Used — —

* Table 2-1 p.2-1, Sorensen DLM 600W Series Power Supplies: M51A Option Isolated Analog Programming

Manual

> Setting used in AO Laser lab
® Setting used in A0 Laser lab
" Setting used in A0 Laser lab




Fermilab SIST 2011

DB25 Pin Configuration

Another feature that offers more control of the DLM600W bulk supply is the remote control option,
which will allow for the manipulation of the diodes without the use of the front panel. This is achieved
through the isolated analog interface that is programmed through a DB25 sub with the following pins

configurations:

Table [2]% Pin designations

Pin Function
1 ANALOG-CONTROL input
2 Return for 0-5/10V monitor outputs and EXTERNAL-OFF
3 OVP programming input
4 Voltage monitor output, 4-20mA
5 VOLTAGE-MODE status output
6 Return for 4-20mA monitor outputs, Auxiliary 5VDC, and digital 1/0
7 Current monitor output, 0-5/10V
8 1.25VDC output for 4-20mA voltage programming signal
9 \/oltage programming input
10 Current programming input
11 1.25VDC output for 4-20mA current programming signal
12 Return for 0-5/10V or resistance programming signals
13 Return for 4-20mA current programming signal
14 EXTERNAL-OFF input
15 Auxiliary 5VDC output (+)
16 OVP resistance programming output, 1mA source
17 OVP status output
18 FAULT status output
19 Voltage monitor output, 0-5/10V
20 1.25V input for 4-20mA voltage programming signal
21 Voltage resistance programming output, 1mA source
22 Current resistance programming output, ImA source
23 1.25V input for 4-20mA current programming signal
24 Current monitor output, 4-20mA
25 Return for 4-20mA voltage programming
14 25
O0000O0OOOOOO
: OO0O0000O0O0O0O00O0O 13

Figure [6]°: DB25 connector

& Table 2-2 p. 2-4, Sorensen DLM 600W Series Power Supplies: M51A Option Isolated Analog Programming

Manual

’ Figure 4-2, p. 4-3, Sorensen DLM 600W Series Power Supplies: Operation Manual
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Pin map for Voltage control (0-10V) to DB25
Each pin on the DB25 Isolated Analog Interface has a designation, for its current usage. Pins #15, #2,
and #12 are the absolute reference pins tied to positive or ground, as shown in Table [3].

Table [4]: Positive & Ground
Pins

Positive pin #15
Negative pin (GND) | #2, #12

The other pins are used to control the features enabled by the system when in remote control mode. These
features are also available in manual mode via the front panel. The pin connections and designation are in
Table [5].

Table [5]: Pin connections

Control Positive pin Negative (return)
Variable voltage (IRM) #9 #12

Voltage monitor #19 #2

Interlock #14 #2

Remote Operation Enable | #1 -

Front view.

Figure [7]: Front panel view.

Power

OVP preview in display

LED indicators

Local/Remote switch: keep in remote mode.
Over voltage protection (OVP) preview
EXT-OFF control

Current control

Voltage control

Displays

—IOMmMUO®)
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Back view.

Figure [8]: Back panel view

A. Diode outputs
Safety contacts input
Current control
Pulse Enable (High Z)
Current monitor (High Z)
Bulk voltage monitor (High Z)
Chassis ground
Bulk voltage control
Fuse

—IOTMMOO®

It is important that designated parts of the back panel by configure with high impedance where denoted. A
circuit diagram is available in the appendix.

Considerations

Mounting the Diodes

When the diodes were first powered, light was only emitted from the second diode. The voltage across the
two diodes revealed that the entire voltage was across the second diode, so the main reasons for this issue
could be that the first diode was malfunctioning, or the diodes were not truly in series. Therefore the
diodes were tested to guarantee that they were not broken. To test this, the diodes were switched in order
to see if they behaved in the same manner. Since the problem remained only with the first diode in the
series then the diodes were in fact functioning because the problem did not travel with the diode.

The resistance across the diodes was measured and since there was no resistance, then there was no
current. The only one other component that connected the two diodes besides the copper connection was
the heat sink. The aluminum heat sink provided a path of least resistance around the first diode to the
second diode, so only after the heat sink was split into two separate pieces, and electrically isolated from
chassis ground and the other diode did the diodes emit the same power.

Heat Dissipated by the Diode Driver
Another important aspect to check is the amount of heat dissipated by the diode driver. Based on the
desired usage, a forward bias of 2.5 V per diode, a maximum driving current of 120 A, the duty cycle of 1
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ms over a time span of 200 ms then the amount of heat generated is 3 W. Based on the specification sheet
provided by Analog Modules, Inc., they recommend a heat sink be installed for any amount greater than
20 W *°. Therefore a heat sink was not necessary for this application.

Tests & Results

After setup, several tests were run on the unit to determine outputs in comparison to the specification
sheets. The DLM600W was tested independently to verify the given properties. This unit was connected
to a DC voltage via its programmable control option, the isolated analog interface DB25 connector. An
important consideration for this test is that the remote operation mode is initiated when a voltage of
between 3-15 VDC is connected to Pin 1 of the DB25 connector. Once this test was completed, the next
step required the creation of a remote control program, which was completed in Matlab.

J power_supply_control !. E

| Power Supply gk voltage IRM 3.5 V: <t
8300 Voltage Display (V): 6.0999 ’i Bulk Voltage IRM 6.1 V: set

8302 Control Voltage (V): 0 Diode Current Control (A):
[ 0 set |
Front Panel Voltage (V): 24.39 = n step voltage ramp:
0 0
Fine voltage adjustment

Figure [9]: Control GUI.

The program created in Matlab would communicate the desired voltage to the internet rack monitor
(IRM*), which will send the appropriate voltage out to the DC bulk supply unit to power the laser diode
driver to manage the current to the diodes. Therefore, it was necessary to define the voltage-current plot
by use of the chassis voltage and current monitoring ports.

19 hitp://Avww.analogmodules.com/admincenter/datasheets/779a_an.pdf
Y hitp://ww-inteng.fnal.gov/Integrated Eng/irm/

10
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Current vs. Power
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Figure [10]: Current vs. Power plot
The diode current vs. optical power was linearly fitted to the following equation:

diode current (A) = 1.7977 X diode current control voltage + 2.935 (V) (1)

From here, the program could be used to set the diode current to a desired value. Furthermore, this
program could perform fine adjustments on the voltage to reduce oscillations that appear as a result of
poor coarse adjustments.

The output power of both diodes was also tested, and it was determined that the deviation between the
diodes was minimal.

40

35
30

25

20 A Top Diode

® Bottom Diode

15

06x - 4.5875 — Linear (Top Diode)

Diode Voltage (mV)

10

y = 0.4998x - 4.3047 — Linear (Bottom Diode)

0 20 40 60 80 100

Current (A)

Figure [11]: Plot diode power results
Unfortunately, because the diode driver used may not support a 1 ms pulse width with the plotted current

and control voltage combination, the current and voltage needs to be adjustable by the fine voltage
adjustment provided in the program. When the voltage is too low, the current outputted by the diode

11
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driver for each pulse does not produce a flat top on an oscilloscope. The signal starts to decline as the
time increases towards the trigger. Another undesirable feature produced by the diode driver are the
oscillations at the beginning of the signal. Sometimes it is difficult to remove the oscillations from the
signals to create a complete flat top. Therefore as a first step in addressing these problems, the stable

voltage for a flat top current was recorded against current for a 1 ms pulse.

asure Math Analysis  Utilities  Helg c2 ile Vertical Timebase Trigger Display

[y L3
Stdver PLpkpk(C2)  P2ampiC2)  P3max(C2) P4mn(C2)  PSsdev(C2)  PBmean(C2)  P7ibase(C2) PS10p(C2) StdVer Plpkpk(C2)  P2ampi(C2) PImax(C2) PAmIR(C2)  PSisdev(C2)
valie 453V 3913V 434V RE 1755V 1704V £my 3907V vale 565V 4822V 538V 268 mV 2107V
mean 4577V 384780V 43027 v 2050mv 176458V 171841 V. 708mv 384070V mean 50025 405581 v 47445V 2580mY 192244
min 380V 2940V 366V -284mv 1476V 1423V 27mv 2913V min 390V 2940V 3sBY 369 MV 1476V
max 460V 3912V 438V A73mv 1795V 1743V smv 3925V max 569V 481V 542V A6 MYV 2188V
sdev 1347 mv 20791 mv 1434 mv 178my 5816 mV 642mY 256my 20840mY sdev ®3IBMY 3282mV 3430mv 392mv 12307 mv
num 85 85 65 65 65 65 65 65 num 616 616 516 616 616
status v v v v v v v v v v

v

LeCroy 711172011 111505 LeCroy

Figure [12]: Drooping current trace 80 A (right) and 100 A (left).
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Figure [13]: Oscillating, flat top current traces. At 80 A (right) and 100 A (left).
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4mv 4838V
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27 mv 2913V
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741172011 11:26:59 AM

These oscillations visible in the oscilloscope trace increase as the voltage increases, but the voltage needs
to be increased to retain a flat top. This is a property most diode drivers in that when they are overdriven,
they produce oscillations in the beginning of the signal. In this case, the oscillation can grow to consume
the whole pulse as the voltage increases. Unfortunately, the appropriate voltages required to drive the 1
ms pulses as provided by the manufacturers are beyond the voltages that have produced oscillations in the

signal.

12
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Table [6]: Suggested voltages for diode currents.'

Diode current (A) Operating voltage (V)
60 14V
80 17V
100 20V

From observation, the oscillation appeared to continually increase with the voltage, so there was great
hesitation to test these voltages. A 150000 pF, 63 V, 19.8 A aluminum electrolytic capacitor was
suggested to be placed in parallel with the DC drive input. This addition, will be use to account for the
decreasing current and the capacitors should also attenuate oscillations at the beginning of the signal.

The first test was to watch the current monitor with a 0.05 Q, 20 W shunt resistor in place of the diodes.
There was a possibility that the shunt resistor would not draw enough current because of the high
impedance it could have over a 1 ms pulse of 100 W. The result was that there is in fact a threshold
voltage for the diode driver and after this voltage was passed the oscillations would disappear.

re

Figure [14]: Droop at diode Figure [15]: Oscillations at 40 A Figure [16]: Flat 40 A and a
current of 40 A and analog and a analog control voltage of control voltage of 3.5V.
control voltage of 1.63 V. 25V

12 \/oltage suggestion from Analog Modules

13
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Between 3.5V and 24.2 V control voltage, the current retains a flat top, therefore the operating voltage
will remain between these limits.

Eoge e
71252011 10:40:57 AM

Figure [17]: 80 A flat top at 6.1V control voltage. Figure [18]: 100 A flat top at 6.1 V control voltage.

Conclusion & Future Work

These tests confirmed usability of the diode pump chassis for future production and use. Other additions
can include the installation of a fan, the possible swap of different components, the insertion of parallel
capacitors, and the repositioning of the heat sink on the outside of the chassis. The most important
operation specification is to drive the diode driver between 3.5V t024.2 V.

14
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Appendix
A) Circuit Diagram

J7

1 Current Control VA
BNC
N Laser Diode
J8 Driver E /
1 Pulse Enable T79A
BNC
o~
J9
1 Current Monitor
BNC
o~
N
% M1F-8S2.1
X2
N
e
+15V K1
5
110VAC 15V s o isva
AC Line 200ma 4
Filter 1475-0530 7
w/Fuse 6 ~ <L
28
1
: : LT
@) ©
2 10
13
2 5 Jof
NN
1
T1 25.2VAC ﬂ
Safety J10 1165-0250
Contact AD RELAY 4PDT
Input B KHAU-17A16-24
Burndy
GOB10-4SNE
J11
+15VA Bulk Power Supply Input
1
2
Isolated Analog Interface
Isolated Analog Interface
DB-25 1
14 Connector 2
TIVA -, EXT-OFF 3 12
| 15
1,19
16
5
17
6
18
7
2 — 19 8
VMON 20 5
21 0 Voltage Programming Input ——12
22 11
24
25 12
13

+15VA
R 13K D2 FP LED
L1 Safe
PN
+15V
R2 13K D3 FPLED
1 +15)
w2 ™N

Note: +15VA voltage is controlled
by the Safety input contact.

15
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B) Matlab power_supply_control GUI for Analog control of the Bulk Supply

Interface

J power_supply_control

Power Supply

8300 Voltage Display (V):
8302 Control Voltage (V):

Front Panel VVoltage (V):

Bulk Voltage IRM 3.5V: set

L F Bulk Voltage IRM 6.1 V- set
0 Diode Current Control (A):
’7 0 set
24.39 = n step voltage ramp:

0 0
Fine voltage adjustment
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