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Abstract: 
This paper presents a new dual-axle servo driver solution with Mitsubishi Mini type DIPIPMTM 
(PS21765). Features of Mitsubishi new series DIPIPMTM, circuit topology of dual-axle servo driver and 
design tips are introduced. Lastly, some pictures of the servo driver and the test curve are given. 
 

1. Features of Mini type DIPIPMTM Ver.4 

The Mini type DIPIPMTM Ver.4 series is developed by 
Mitsubishi Electric for applications such as air conditioner 
and industrial motor control.  
The internal circuit of Mini DIPIPMTM is composed of IGBTs, 
FWDs and control ICs (HVIC and LVIC). Compare with the 
last version (V3.5), the Mini type DIPIPMTM adopted the 
CSTBTTM IGBT chip to achieve low power loss, and 
insulation sheet to realize the low thermal resistance. The 
Mini type DIPIPMTM also has short circuit protection, control 
supply under voltage protection. 

 
Fig.2 Cross section of the PS21765 

 

2. Dual-axle servo driver 

So far, the main application field of the dual-axle servo driver is multi axle motion control, such as 
drilling machine, grinding machine, computerized flat knitting machine and wood-working machine. For 
these kinds of application, dual-axle servo drive has the following merits, such as: 

 Energy saving: When one motor decelerate, it will run at regenerative mode and feed back energy 
to DC-BUS. By sharing the DC-BUS, the other axle could use this part energy. 

 Simple circuit design: By using bootstrap circuit, the components are reduced, PCB layout is 
simplified, and reliability is enhanced. 

 More flexible control: By driving 2-axle with one DSP, it makes the control more flexible.  
 Compact installation: Dual-axle servo driver requires only one AC220V power supply input, which 

Fig.1 Internal diagram of PS21765 



make system electric control cabinet more concise 
Same as common servo driver, power device is the key component for the whole driver, which should 
have high power cycling life, high power density and low price. 
 

3. System construction and control approach 

The circuit diagram of the servo driver is shown in Fig.3. We use 2 isolated 15V power supplies for 
PS21765. Thanks to the internal HVIC, we could use bootstrap style to supply the power for upper arm 
drive, which helps to save the cost of power supply and the size of PCB.  
Regarding the motor control strategy, the widely-used vector current closed loop control is adopted.  
For multi-axle application, we also developed CAN-BUS interface for the servo driver, which could 
support 256sets servo driver. 
 
 

 
 

Fig.3 Block diagram of dual-axle servo driver 
 

4. Design tips for DIPIPMTM PCB routing 

To realize the low noise on the ground line, we analyzed the current route for both power current and 
control signal current. We found the common ground point design is the key part for PCB routing. The 
precaution for PS21765 PCB routing is shown in Fig.4 in detail. 
As Fig.3 shows, we use 2 isolated 15V power supplies for 2pcs modules. There will be 2 common GND 
point between control GND and power GND, but there is no ground loop, accordingly the noise on the 
ground is depressed. If we just use single 15V power supply for 2pcs PS21765, just as Fig.5 shows, a 
ground loop will be formed as indicated in dotted line. 
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Fig.4 Precaution for PS21765 PCB routing 
 
 

 
 

Fig.5 Single 15V power supply for 2pcs PS21765 
 
 



5. Reliability and Lifetime 

We simulated the typical working condition in Mitsubishi power loss simulation software. And according 
to the power cycle curve (Fig.6), the lifetime of the DIPIPMTM will over 10years. 
Vcc=310V, Ic(rated)=5Arms, Ic(over load)=12.5Arms, fc=8kHz, fo(min)=5Hz, PF=0.99, tf(max)=90℃ 
According to the simulation result (Fig.6), the Tj(IGBT)_Ave = 106.78℃ and Tj(Diode)_Ave = 98.23℃ is 
within Mitsubishi recommend Tj range (-20℃~125℃). 
According to the power cycles curve (Fig.7), the cycle number @ΔTj(IGBT)_Max = 24.73  is over 10M ℃

cycles. 
If this dual-axles servo driver works for: 20years * 365days * 15hours * 60mins * 8times, that means 
5.2M cycles is needed. 
So the lifetime of PS21765 will be over 20years, and the dual-axles servo driver has enough margins. 

 
Fig.6 Power loss simulation result 

 
Fig.7 Power cycle curve of PS21765 



6. Prototype and Test Results 

The outline of the servo driver is shown in the Fig.8.  

 

Fig.8 Outline of the servo driver 
Evaluation results indicate that the dual-axle servo driver can work well with high dynamic and static 
performance, quick response and good robustness. 
Fig.9 shows the torque/time curve and speed/time curve, when the motor speed up to 500rpm.  

 

7. Conclusions 

Mini DIPIPMTM provide the servo driver perfect protection, long power cycles. The bootstrap type power 
supply could save the cost on the isolated power supply and make the driver more compact and 
cost-effective. By using 2 isolated power supplies, this design avoid the ground loop in PCB design and 
achieve the low noise and low EMI.  
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Fig.9 Torque/time curve and Speed/time curve 
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