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Desired power consumption of the
BLK pin resistor divider is 15mW.

(170V)^2/15mW = 1.93M
Rlower = 16.9k, Rupper = 1.76M

Startup voltage = 155V

R_{46}= (20V - 2.5V - 1.2V) þÿ�÷0.01A = þÿ�1�.�6�3�k�©
Standard value: þÿ�3�.�3�k�©�,4.9mA regulating current -> matches datasheet

Standard value: þÿ�2�.�2�k�©�,~7mA regulating current
Standard value: þÿ�1�.�6�3�k�©�,~10mA regulating current

Step 2: Estimate knee current

If we define the knee current I_K as the current at which the zener voltage is near its nominal zener voltage V_Z (say þÿ�~�3�.�5 /�Vin your case), then using a simple linear approximation:

I = \frac{V - V_{0}}{r_z}

Where V_0 is the "threshold" voltage at zero current þÿ�(�~�1�.�5 /�V�)�.So at the knee þÿ�(�~�3�.�5 /�V�)�:

I_K \approx \frac{V_Z - V_0}{r_z} = \frac{3.5 - 1.5}{2000} = \frac{2}{2000} = þÿ�1�\�t�e�x�t�{ /�m�A�}

Step 1: Approximate Zener slope

Two points:
1.	V_1 = þÿ�1�.�5�\�t�e�x�t�{ /�Vat } I_1 = þÿ�0�\�t�e�x�t�{ /�m�A�}
2.	V_2 = þÿ�3�.�5�\�t�e�x�t�{ /�Vat } I_2 = þÿ�1�\�t�e�x�t�{ /�m�A�}

So the effective incremental resistance near the knee is roughly:

r_z \approx \frac{V_2 - V_1}{I_2 - I_1} = \frac{3.5 - þÿ�1�.�5�}�{�1�\�t�e�x�t�{ /�m�A�}- 0} = \frac{2}{0.001} = þÿ�2�\�t�e�x�t�{ /�k�©�}

OVP Calculations
V_{CCP}= Vz + 1.3 + Iz(R + 2k)
If you define the zener "starts to conduct" at around
If the zener current is larger, say Iz = 1mA:
V_{CCP}~ 18 + 1.3 + 1mA(10k + 2k) = 31.3V

UCC25661x Variant Selection

RECOMMENDED: UCC256611
- HV startup: YES (bootstraps from rectified AC, no external supply needed)
- X-cap discharge: YES (safety requirement for consumer products)
- EGR: NO (optimized gain for narrow 1.22:1 input range)
- OVP behavior: LATCH (stays off until power cycle - safer for faults)
- I_FB: þÿ�8�0�µ�A�,R_FB: þÿ�1�0�0�k�©(standard optocoupler design)
- TSET function: Programming only (simple, set-and-forget)
- PFC control: NO (not needed - no PFC stage in 120VAC-only design)
- Best for: Integrated consumer charger, simple design, good safety

NOT RECOMMENDED: UCC256610
- HV startup: YES
- X-cap discharge: YES
- EGR: YES (designed for 3:1 range - OVERKILL for narrow input)
- OVP behavior: Auto-retry
- I_FB: þÿ�8�0�µ�A�,R_FB: þÿ�1�0�0�k�©
- TSET function: Dual (programming + enforced burst retention input)
- PFC control: NO
- Soft on/off: YES (low acoustic noise - unnecessary for hidden charger)
- Why avoid: EGR reduces gain unnecessarily, TSET adds complexity, standby features overkill

ALTERNATIVE: UCC256613
- HV startup: NO (needs external auxiliary supply - added cost/complexity)
- X-cap discharge: NO
- EGR: NO (good for narrow range)
- OVP behavior: Auto-retry (may recover from transient faults)
- I_FB: þÿ�1�6�0�µ�A�,R_FB: þÿ�5�0�k�©(better for low-CTR optocouplers)
- TSET function: Programming only
- PFC control: NO
- Consider if: Already have external auxiliary supply, lower cost priority

POSSIBLE: UCC256612
- HV startup: YES
- X-cap discharge: NO (missing safety feature)
- EGR: NO (good for narrow range)
- OVP behavior: Auto-retry
- I_FB: þÿ�1�6�0�µ�A�,R_FB: þÿ�5�0�k�©
- TSET function: Programming only
- PFC control: NO
- Consider if: High I_FB needed, can implement X-cap discharge externally

NOT RECOMMENDED: UCC256614
- HV startup: YES
- X-cap discharge: YES
- EGR: YES (overkill for narrow input)
- OVP behavior: Auto-retry
- I_FB: þÿ�8�0�µ�A�,R_FB: þÿ�1�0�0�k�©
- TSET function: Dual (programming + PFC on/off output)
- PFC control: YES (USELESS - no PFC stage in design)
- Why avoid: EGR overkill, PFC control unused, unnecessary complexity

SUMMARY:
þÿ'�UCC256611 - Best choice: HV startup, X-cap, no EGR, OVP latch, simple
þÿ& þ�UCC256613 - If external supply available: cheapest, no HV startup needed
þÿ'LUCC256610 - EGR + soft on/off overkill for application
þÿ'LUCC256612 - Missing X-cap discharge safety feature
þÿ'LUCC256614 - Unused PFC control + EGR overkill
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Make sure to have >3A ripple current across all caps

V = VRECT/2*Npri/Naux
V = 170/2*1/2.7 ~ 31.5V

For VIN þÿ"d200VDC, 400V MOSFETs would be the optimal choice, not 250V.
Voltage Stress Analysis
In LLC half-bridge topology:

Each MOSFET sees VIN across drain-source when off
Maximum VDS = 200V under normal operation

Why 400V is recommended:

Startup transients: Can exceed steady-state VIN
Switching overshoot: Parasitic inductances cause voltage spikes
Line regulation: Input may occasionally exceed 200V
Safety margin: þÿ�2�×minimum for reliable operation
Avalanche energy: Higher voltage devices typically have better avalanche ratings

Series resonant frequency: f0 = 124.3 kHz
Maximum switching frequency: 174.0 kHz (light load)
Minimum switching frequency: 72.1 kHz (full load)
Quality factor: QE = 0.33 (relatively low, good for regulation)

Actual Primary Current Calculation
At full load (72.1 kHz):

Operating below resonance (fn = 0.58)
From LLC theory with QE = 0.33 and your gain curves:
Primary RMS current þÿ"H2.2-2.5A (much more reasonable!)

Refined MOSFET Requirements:
Current Rating:

Primary RMS: ~2.5A
Choose MOSFETs with ID þÿ"e8-10A for thermal margin

VERIFY!!!!!!!
N1:N2 = 4.5:1
N1:N3 = 4.5:1
N1:N5 = 2.7:1

Bootstrap capacitor calculation for your specs:
With 170kHz switching and 35nC gate charge:
Cbsns = (Qg þÿ�×N) / þÿ�”�V
Cbsns = (35nC þÿ�×N) / 1V
Choosing N (refresh cycles):
At 170kHz, you get a refresh every þÿ�~�6�µ�s�.For LLC converters, you typically want to handle 10-50 cycles between refreshes depending on duty cycle variations.
Conservative design (N = 50):
Cbsns = (35nC þÿ�×50) / 1V = þÿ�1�.�7�5�µ�F
Recommended value: þÿ�2�.�2�µ�For þÿ�4�.�7�µ�Fceramic

Gate Drive Requirements at 170kHz
Key Parameters:

Gate Charge (Qg): Directly affects switching losses
Input Capacitance (Ciss): Affects drive current requirements
Gate Resistance (Rg): Controls switching speed vs. EMI

Switching Loss Calculation:

Pgate = Qg þÿ�×VGS þÿ�×fsw = Qg þÿ�×12V þÿ�×170kHz
Target: Qg < 50nC for reasonable gate drive losses
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